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"ORGANOTIN REAGENTS TOWARD THE PREPARATION OF ’

' : CYCLIC DISULFIDES AND RELATED COMPOUNDS

ABSTRACT .

Aspects of the chemistry of organotin-§u1fu# derivatives 6a;e been
investigated. A ser{es of symmetrical disulfides was prepared‘ by
halogen oxidation of the corresponding tri-n-butyl H1ky1thio or trﬁ-g;
butyl arylthiotin(1V) compounds. Similarly, ucyclic disulfides (5- to
12-miembered size ring) were prepared using the appropriate u-o,w-alkyl-
dithiohexaig—buty]ditin(IV) species or 2,2-difﬂ-buty1-},3,2-d1thia;
stannacycloalkanes. The synthesis of the cyclic disulfides did not

requife any special high dilution techniques. Sy&thet1c progedure; for
éhe synthesis of the tinfsulfur derivatives are described. The effec- |
N tiveness of organotin reagents in the synthesfs of Cyclvc\d1su1f1des is
| Qewamined.~— Studies on reaction kinetics and competition reactions were
- carried out to provide informétion on the mechanism of ha]ogennoxidation

“of the ti;—SUIfur,species. “’

s fhe coupling ‘of su]fipy] chlorides with tri-n-butyltin 1lithium
% afforded ’symmetéical thigsulfonates; these tﬁiosq]fonates were likely

¢ N b
« - proyvided via rearrangement of vic-disul foxides. Low: temperature 13¢-.

¢ .
B <

NMR‘supports this.
oThe use of organotin-sulfur der1vat1ves as sulfhydryl protecting

groups or as reagents for the synthes1s of substituted ihiophenes was
examined.
P . ) . The desulfurization of 1,2-d1thiepane 1,1- ‘d1oxide was accomp11shed

": : - this prov1ded insight on the desul furization of cyclic th1osu1fonates.,
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L'EMRLOI DE REACTIFS ORGANOSTANNIQUES DANS LA PREPARATION DE
l'hSULFURES CYCLIQUES ET DE COMPOSES APPARENTES .

¢ 4 {

RESUME

. Plusieurs aspects de la chime des dérivés organostanniques furent
étudiés. Une série de disul fures symétriques oﬁt été préparés par
o;(_ydatmn halogénique des composés tri-n-butyle ~alkylthiostanniques(lV)’
ou tri-n-butylearylthiostanniques(IV) correspondants. De méme, des
sdisulfures cycliques de 5 & 12 membres funent préparés & partirdes
especes p-—a'lkde‘it‘h.iO—a,lw hexa-n-butylbisstanniques(IV) 'ou de di-n-butyl-
2,‘2 dithiastanna-1,3,2 cycloalkanes sans exiger de grandes dilutions. Les
xdé;*wés stannosu!fullés fure‘n’t synthétisés et 1‘eff1cacit;‘3 des céactifs
organostanniguesdans ‘la 7synthése de disul fures cyc] 1qués fut évaluée.

L'8tude de la cinétique rpactionnelle et des réactions compétitives ont

été effectuées dans le but d'gclaircir le mécanisme d'oxidation halogéni-

que de 1'espece  stannosul furee.

La reaction des chlorures sulfiniques avec le tri-nsbutylstannure de
Tithium a produit des thiosul fonates symétriques rgfultant
vraisemblablement du réarrangement de disul foxydes vlcmaqx‘(ét&des de RMN

‘4 13¢ 3 basse teﬁ{pérature a 1appur). X
L'htihsaﬁoﬁ de dérivés .organostannosul furés comme groupements
protecteurs des fonctions sulfhydrux i,es ou comme réactifs dans la synthése
de thigphénes substitués a &té mise.a 1'@preuve.
| - La désul'fum sation du dwxydé«l,l de dithiépane-1,2 fut effectuée;

cect a fourni quelques -1ndications en ce _qui a attrait a la?’

désul furisation de‘thl‘OSuifonatess cycliques.

T
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* CHAPTER 1 | U

g , INTRODUCTION p
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1.1 A Brief History of Sulfur and Tin.

It is of 1nterest that while sulfur and tin have bééﬁ known since

cantiquity, ‘1ittle research into the combination of these two elements

has been carried out until very recently.

In the Bible, sulfur is referred to as brimstone. The Chinese -

adeptly experimented with combinations of saltpetre (potassium nitrate),
charcoal and sulfur for use firstly in public firework displays and
then for military purposes.l  This formulation for gunpowder may have
been used as early as ca. 2000 B.C. by the Chinese mandarin Wan Pou, but
more conservative est1matés place the first use of this explosive at
about the first century A.D.2 Tin 1s a component of the alloy bronze
from which the era of ca. 3500-2500 B.C. takes its name.3

Organosulfur chemistry began in 1833-1834 when the Copenhagen pro-

fessor Zeise prepared ethanethiol (CZHSSH)_4,5 After .obtaining the

‘,mercaptan {(thiol), Zeise also prepared diethyl disul frde.b There was

no looking back and organosulfur chemistry is now an important branch of

organic chemistry.

4

The first organotin compounds were diethyltin species. Frankland
prepared diethyltin diiodide 1n 1849, but it was not characterized as

such until a few years later. He synthesiied diethyltin dichloride and

3

diethyltin oxide in 1853.7 In 1861 Kekulé pronounced the following:

1 cannot resist the opportumity of once again drawing the attention of.

chemists to the analogy between tin compounds and carbon compounds...."7
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_and ' ‘hydrogen sulfide, which ‘afforded “stannethyl sulfide" (1), -~

. .compounds of the type (2) stabilized polyvtmyl chloride stimulated the

R :
& -

After*lBéO, the §tudy of alky}éﬁn'iompoupds faded but the discovery of

industrial applications for organotins brougﬁt about a rennggance which

started around 1949.7

t

In 1860, Kulmitz 1nvestigated the reaction of triethyltin bromide

EQis(triethy]tyn) sulfide]. This was the first reported compoupd

tontaining a covalent tin-sulfur bond.®  The discovery in 1950 that \

modern interest in tin-sulfur chemistry.’ 4
y &
I ’/ M: :\‘",.
é . i /‘SR. ‘f .
Et ;Sn=S-SnEt, RS . ﬂ |
. SR ’ i
Ed ) e
(1) | (2)

1.2 0dor of Sulfur Chemistry and Sulfur Chemists.

The adjectives used to describe the unpleasant odor ' of organosul fur

. compounds and the chemists who work with these compounds a@re many. Al}

convey the notion that sulfur chemists are bearers of 111  wind. The

. obnoxious odor from one notorious class of sulfur derivatives has led to

phe evacuation of buildings and on at least one occasion the flight of
commuters from an entire section of a subway train.

Low mpTeCUlar weight thiols are the most notorious, as Field points
put10 in  the following fashion: "A few bigots complain that volatile
disulfides have d1sa§reeab]e 6dors, but af least complaints are much >
less strident than agains@ th1ols.“' In conjunction with their work on

sulfur compounds in plants, Ettlinger and Kjaer pronounced: “The odors
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of divalent sulfur compounds are no: éiways pleasant, but they confer on
this area of natural products a homely appeal...". 11 Lastly,
concerning a ton of butanethiol which was shipped to France during World
War [ to be used as a camouflage éas, Re;d offers,” There 1s no record
to its fate, though it should have been possible to trace 1e.d

It should be emphasized that only low molecular weight sulfur
compounds are offensive, and of these, thiols 1n particular, Further-
more, since many products of biological decay contain these compounds,
it has . been speculated that heightened sensitivity to these od&?s has
served to protect organisms from potentially toxic, rotting or

’ decomposing foods.12 As little as 1 bart in 50,000,000%000 of ethane-

thiol in air can be detected by the human olfactory system.%

1.3 Uses gf Organotin Compounds.

As was mentioned above (Section 1.1), compounds of type (2) are
used to stabriize PVC. They do so by preventing thermal dghydrochlori-
nation of the polymer during processing and subsequent exposure to
sunlight.13 Dialkyltin bis{S,S'~isooctylthioglycollate) [RpSn{SCHoCOp-
1‘0Ct)2] exhibits low mammalian toxicity; hence 1t 15 used as a PV(
additive for appl1cation§ in which the polymer will contact water, food
and beberageszS The mechanism of heat stabilization 1s provided 1n
Scheme 1. ’

Organotins of the type RSnX3, RoSnX, and RySnX, some of these being
organotin-sul fur derivatives,. have been used as fungicides, miticides,
13

disinfectants, brocides 1n marine paints, and ' wood preservatives.

Tin-oxygen compounds have been shown to have water repellent properties.

kd
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Scheme 1. R

. (2) o

cl ' : SR’ _SR*-
- RSN
SRt 27N

1 .

1.4 Toxicity of Organotins. Y

The toxicity of organotins varies with the number of ‘alkyl groups

attached; toxicity is gréatest when there are three 5Sn-C bonds, that is

compounds of type R3SnX-l4 Toxicity .decreases as' the alkyl groups at

tin increase in size. Thus Me3SnX is more toxic than Et3SnX which‘ in

turn is more harmful than BU3SnX.15

inorganic tin is non-
14

While organotins exhibit toxic propérties,
taxic; similar behavior is not observed for lead, mercury and arsenic.

This phenomenon an be)understood by considering the mechanism by which

s

organotins manifest their toxicity. Trialkyltins and tetraalkyltins

“{which rapidly dealkylate to the corresponding trialkyl derivatives)
bind to proteins; ' possibly to cysteine and histidine -residues.
Dialkyltins can also combine with proteins and further, may bind to

reduced lipoic acid. 13,14 0rg§notins concentrate in the blood, liver
and brain.l4

Almost all volatile organotin compounds cause headaches, this along
with its strong Jhp]easant smel] are early warning signs to local

atmosphere contamination.16
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1.5 Bond Strengths.

Tﬁe most 1mpor£ant bond dissociation énergy in the study of tin-
sul fur species 1s, of courée, that of the tin-sul fur bond. Unfortu-
nately this value is difficult to locate 1n the literature, as Smith and
Davies have pointed out: "Accurate values for the Sn-S bond dissociation
energy do not appear available..."l/ Névertheless, a thorough surve;

of the literature-indicates that a value of 52 kcal/mol is reasonable

for this bond energy.l8 | A

A

Table 1. Relevant Bond Dissociation Energies.l8,19

Bond

ST esaCl

a1

Bond Dissociation Energy Compound’
) (kcal/mol)
S-C .~ ’ 77 MeSMe .
" S-H ) ) 92 - ~ * MeSH
5-S 0 MeSSMe
. 70. ‘ MeSC]
507 T eses. Divalent Sulfur,
¥ , - "Variqus Sulfites
sn-$ o T g " MeySnSBu
'$n-0 - e SnoEt
Sn-fl ‘ | o Me3SnhMe,
Sn~F 99 ‘J/’/ SnFy
Sn-C1 ) 7% Me3SnCl
Sn-Br o 61 Me3SnBr
sn-1 T s Megsnl
Br-Br 46 N N
‘ | S 36 -
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An empirical method for the determination of bond dissociatiﬁn
enefb{es has beén'deve¥oﬁed by Sanderson; a series of formulae are g{ven
to obtain the bond strength of almost any bond.2l His system utilizes
the concept of the equalization of eJectronggatlvities of all bonded
atoms in 3 molecule. For Sn-S, the calculated bond dissociation energy
is 56.0 kcal/mo1.21,22

The!:ompound used to obtain the Sn-F bond strength was SnF,,
however, the bond energies for the; other tin halides were found using
the respective trimethyltin halide. When performing calculations with
bond energies it 1s important that the values be "internally" con;is-
tent; since the Sn-F bond eneﬁgy determined from Me35nF can not be
found, it is of inter~est to know the other: tin halide bo‘na energies as

[

determined from tin tetrahalides. These energies, in kcal/mol, are:

Sn-C1, 77 (SnCl4); Sn-Br, 65 (SnBry); Sn-1, 49 (SnI4).23 These values

are very similar to those obtained using Me3$nx, as shown in Table 1.

1.6 Nomenclature, ‘ e

~ -

\

The nomenclature of organosulfur compounds can, at the very least,:
- be perplexing. Eric Block writes " The difficulties stem not only from

_the myriad of known structural types but also from disagreement among

lhe experts on the proper choice of naéesﬁe4 'Fu}th@r obstacles arise
when one Qeals-with organosul fur species'that also contain metals. - In
this thesis the IUPAC methodléf naming compounds will be used. |
Often the suffixes for organosulfur compounds contain one of-the
_vowels,é3\1_or 0. These suffixes indicate the oxidation number at sul-

. .
fur, and there s a direct correspondence between alphabetical order and




increasing oxidation number. Thus the letter e in a suffix designates a
.divalent sulfur species (no double bond to oxygen). The letter :i
implies tetravalent sulfur (one sulfur-cxygen double bond) while the
- Tetter 0 refers to hexavalent sulfur (two sulfur-oxygen doubie bonds).
This 1is exemplified by these organosulfur chlorides: methanesulfg?yl

chloride (3), methanesulfinyl chloride (4) and methanesulfgﬁ}‘

o
chtoride (5).

i i —

CH,S—Ci CH,S—CI CH,S—CI

4

t

(3) (8) (5)

. $imilarly, disulfides (6), thiosul finates (7) and thiosulfonates

(8) differ only in oxidation number at one of the two adjacent sulfur

‘atoms. .
¢ Bl - 1) . o '
v, ' il Il
’ RS—SR RS—SR ‘ nﬁ—sn
-~ - - - ) . o ‘ ' }
- ’ (6) o\ (s

7

Strict adherence to the e-i-o rule would suggest that disulfides
should be called thiosulfenates, however this is not the case.
Convention‘ allows for this ‘and other exceptions. - An example of a far
greater inconsistency is the following: sulfenes (9), sulfines (10),and
sulfones (11). In this instance, the common names for these quite

diverse compounds are implied to have related structures.



‘available.

7
0 \IV -
R,C=S<z RC=57" n:s:a o
(9) © - (10) _ (11)

o

A partial listing of' IUPAC nomenclature for organosulfur compounds
is given on the next page. It includes compounds of the type

discussed in this thesis; a more extensive collection is also
24

1]

The nomenclature of organosulfur derivatives of tin can be
confusing because they can be named with an "organic nomenciaiuée" or an
“inorganic nomenclature" .25 This has been been noted in the following:
"Occasionally, the comments (on both nomenclature systems) turn to
complaints about theginflexibility of one group or the other, and the
unwillingness of one to accept the principles followed by . the other,
Such complaints are espeéially common in borderline fie]dg such as
organometallic compounds.“25 By the “inorganic” method, the sulfur
containing group at tin can be considered as either an anion or as -a
ligand. In the former case the tin-sulfur cogpounds are called tin
alkanethiotates; for instance, by this nomenclature system, compound
(12) below is called tri-n-butylstannyl ethanethiolate. When the sulfur
grodp is considered as a ligand then the CoHgS moiety is called ethyl-
thio or ethanethiolate.  Thus compound (13) below can be named di-n-

butyl diethanethiolatotin(IV) or di-n-butyl diethy]thiotin(IV).26’27
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Type

a1

Thiol, (mercaptan)

Sulfide, (thioether)

Sul foxide

Sul fone -

Sulfenic acid

~ Sulfinic acid

Sulfonic acid
Sulfenate ester
Sulfinate eSter
Sulfonate ester
Disulfide
Trisulfide

Thiosulfinate

" Thiosulfonate

Sulfenamide
Sulfinamide
Sul fonamide '
Sulfenyl halide
Sulfinyl halide
Sulfonyl halide

vic-Disul foxide

0,S-Sulfenyl sulfinate

vic-Disulfone
Sulfoniunr salts

Sulfurane

Example .

» EtSH
“EtsMe
MeS(0)Me
Etso;Et
MeSOH
MeS(0)0H
MeS0,0H
MeSOPh
PhS(0)OMe
Me SO, 0Me
EtSSMe
MeSSSMe
n-BuS(0)SBz
MeS0oSEL
EtSNH,
BzS(0)NH,y
PhSO,NH,
PhSC1
8zS(0)C1
BzS0,Br
MeS(0)S(0)Me
Et$(0)0SMe
MeS0,S0,Me

MauSt I

kQS

o

IUPAC name

Ethanethiol
Eth}] methyl sulfide
Dimethy! SUIfoide
Diethyl sulfone
~~HMetharesulfenic acid
Methanesulfinic acid
Methanesulfonic acid
< Phenyl methanesulfenate
Methyl benzenesulfinate
Methyl methanesul fonate
Ethyl methyl disulfide
Dimethyl trisulfide
- Benzyl n-bytanethiosul finate
Ethyl methanethiosul fonate
Ethanesul fefiamide .
Phenylmethanesul finamide
Benzenesulfonamide
Benzenesulfenyl chloride
‘PhenylmethaneSUIfinyl chloride
Phenylmethanesul fonyl bromide
Dimethyl vic-disulfoxide
#Methanesul fenyl ethanesulfinate
Dimethyl vic-disulfone
Trimethylsulfonium iodide

Tetramethylsul furane
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- - /'SE‘ -
-.Bu,Sn—-SEt .. ~BuSa .
SEt -

12) - ‘ (13),

¢

]

In this thesis, tin-sulfur compounds will usually be named as

alkylthiotin(1V) species. Compounds of type (12) will be commonly

referred to as thiotins, while compounds of type (13) will be commonly

&
| [

called dithiotin species. o

v Compounds of type (14) can be similarly named, however, the
bridging dithio moiety must be considered; thus, compound (14) is named
u~1,4-butyldrithiohexamethyiditin{(IV). This type “of compound will be
commonly refe?red to as a dithioditin species.

Cyclic compounds of the type depicted below (15) are named accord-

ing to the number of atoms in the ring, with the appropriate
- Q
Me /‘S
- - ' ~N
Me,SnS—(CH,) ~SSnMe, L
S
. 3 w - #
(14) oL (15)

w

)

prefixes for sulfur or tin. Thus compound (15) is named 2,2-dimethyl-

1.3.2-d1thiastannacyc1ooctané. These will be commonly- referred to as a

cyclic dithiastanna species.

-10-
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1.7 Bonding and Stereochemistry of Disulfides.

It was once a 6bntrovgrsy as to whether the disulfide linkages are
branched (16) or unbranched (6). Raman and infrared spectra, ultravio-

let, X-ray and dipole moments all show quite clearly that the unbranched

n=u

RS p RS—SR

(16) (6)

(6)‘ system is favored.28,29 o The avgilability of sulfur to form
chains is displayed in the allotropes of the element, and in a variety
of compounds built up of S%L{urtchains terminated by other atoms or
groups.” 29 Sulfur monofluoride (SpFp) 15 a notable exception, it
exists in the branched form28 as well as the unbranched form.30 [t is

Tikely that the strong electron pull transmitted by the two fluorines =~
P

(a7)

allows for d-orbital utilization, hence double bond character. Cyc]%c
thiosulfité 0,0'diesters can also have a branched sulfur; the X-ray,.
structure of 0,0'-bicyclohexyl-1,1'-diyl thiosulfite (17) confirms

this, 31




It is not always wise to base explanations of bonding on the
availability of d orbitals, but the presence of electronegative atoms on
su[fur such as fluorine or oxygen can increase the effective nuclear
charge on sulfur thus contracting orbitals and Jlowering orbital
energies of the éulfu;~5tom in question.32. Nuclear effects seem to
sensitize 3d orbitals more than others thus they are apt to shrink more
than the 3s or 3p ofbitals.33  This allows for the 3d and other
orbitals to mix, so that a 3dm -3pr bond may form.32Z,34

The bonding in so-called hypervalent sulfur compounds SF4 (includes
one lone pair of electrons on sulfur) and SFg also irivoke the use of d-
orbitals. Hybridization of the unfilled 3d orbitals occurs to afford
the trigonal bipyramidal SFy (sp3d hybrid) while SFg exhibits octahedral
symmetry (sp3d2).32 An alterna?e approach to the bonding 1in these
molecules suggests that they are hypovalent; thus, for SFg, the central
sulfur atom has a +3 charge while each fluorine supports a one-half
negative cﬁarée.35 .

Disulfides are generally non-planar with a R-S-S-R dihedral angle

of ca. 90° (Figure 1).34’36 The barrier to rotation/béries, typical

. values are 9.5 kcal/mol for MepS, and 13.2 kcal/mol for EtyS,.  The

£

Figure 1. Stereochemistry of the Disulfide Linkage

&% < N
g .

-12-
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barrier for HySy is a low 2.7 kcal/mol while that-of SpClp i; a hrela-
tively high 14.2 kcdl /mol . 29,34 Significantly lower values were
attained by Boyd37 who calculated a barrier of 2.2 kcal/mol for Me5So
and an upward limit of 7.0 kcal/mol for acyclic disulfides; his calcula-
tion for HsSp predicts a barrier of 0.9 kcal/mol. Generally lower
valyes have been similarly calculated by Snyd;r and Carlsen.38

A postulate on the nature of the bonding of disulfides 15 that the
o bond between the two sulfurs and the ¢ bond joining sulfur and carbon
atoms are nearly pure p 1n character. Of the two lone pairs of elec-
trons on sulfur one 1s in the 3s orbital spherically distributed about

the nucleus while the other occupies the remaining 3p orbita

In disulfides, these nonbonded 3p electrons are repelled, the minimum

repulsion being when the dihedral angle 1s at 90°. Said in a different -

o

way, the S-S bond strength 15 greatest when there 15 a CSSC dihedral

angle of 90° because the negative contributions (Sy3pw - Spdpm ) are

" diminished ’Eelat1ve to other bonding contributions.3’ Another possi-

bility is that the orbitals are sp3 hybridized and the 90° dihedral
angle results  from repulsive interaction of the nonbonded sp3
orbitals.34

Due to the skew conformation of disulfides two enantiomeric confor-
mers are possible, Interconversion of the conformers may occur through
a cis {18) or trans (19) transition state. The trans transition state
is energetically favored,36,37,40 In addition, as expected, when the

R R ‘ . R

- |

§$-—S§ $—S$

(18) e (19)

1.29,39

-13-
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size of substituents on sulfur increase, the cis barrier to rotation
increases relative to the trans barrier.36,38  g5y436 nas calculated
that the disulfide dihedral angle is determined by e]ectroniq§ effects
while both steric and electronic effects control the relative magnitude

of cis and trans rotational barriers. It should be noted however that

the CS$SC dihedral angle for acyclic disulfides is not always 90°, in
}act it may vary from 74° to 105 .41 Also, others claim that the
dihedral angle 1is 1ndeed affected by steric as well as electronic
effects.?l In the absence of steric effects the cis barrier appears to
be of lower energy than the trans.3%

It has been suggested that the inherent chi;a11ty of the disulfide
moiety contributes to the high specific rotation of L-cystine relative
to other amino acids.34,42

In the presence of a fixed asymmetric center, an unequal distribu-
tion of M (1eft-handed‘he}ix) and P (right-handed helix) of the disul-
fide can be maintained. This unequal allotment of diastereomeric forms
occurs in many naturally-occurring c:ompounds.“*M

Small cyclic disulfides such as 1,2-dithiolane-4-carboxylic acid
(20) are constrained and cannot achieve a CSSC dihedral angle of 90°.

For compound((Zl) the dihedral angle is 26.6° while for 1,2-dithiane-

3,6-dicarboxylic acid 1t is 60.30,30 This greatly affects the stabil-

ity of the disulfide; for instance 1,2-dithiolane readily polymerizes on

efforts to purify and isolate it 45

COOH

_ HooC COOH
$—s s—s .

(20) : (21)

-14-




0. 1.8 Naturally-Occurring and Other Interesting Cyclic Disulfides.

t 1
\

One of the most important and widely known cyclic disulfides .is a-
lipoic acid (22). 1t 1s isolated from liver tissue and is required fo;
metabolism and growth. Furthermore, there 1s a possible need for «-
lipoic acid 1in the photosynthetic processes of p1ants.46 The 1,2-

dithiolane (23) moiety 1s alsp present in nereistoxin (24), a neurotoxin

found in the marine worm Lumbriconereis heteropoda47, in 3,3-dimethyl-

1,2-dithiolane (25) which is a constituent of 1n mink secretion® and in

the plant growth regulator asparagusic acid (20) found 1n asparagus.49

Asparagus also contains the methy1’(26) and ethyl (27) esters of

. . NMe,
(eH,).cooH
s—S S—S . s—s
(22) - (23) (24)
‘ A h ) \
COOMe COOEt
O :hg:::? T g—s S—s °
(25) (26) - (27)

asparagusic acid.?9 Brugine (28), 4-hydroxy-1,2-dithiclane (29) and

. g?rrardine (30) which are present in species of mangrove trees 11,48

also ﬁave the 1,2-dithiolane sub-structure.

AN

N i

-15-
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> OH OH OH

5
X

0 s—s =8 . . STs

(28) (29) (30)

Cabbage harbors 1,2-dithiole-3-thione (31) 46 wnile the parent
compound 1,2-dithiole (32) contributes to the characteristic odor of
cooked asparagus.®® Asparagus (cooked or uncooked) also contains the
following six membered ring disulfides: 1,2-dithiane-4-carboxylic acid
(33), 5-methyl-1,2-dithiane-4-carboxylic acid (34)49, 3-vinyl-3,4-
dihydro-1,2-dithiin (3%) and 3-vinyl-3,6-dihydro-1,2-dithiin (36).50

Red dithiin (37) occurs in several species of plants.46

COOH COOH
A S " < > < \
Q Q s—S o s—s/
H‘JE;I) : (32) (33) - (38)
- H

-16-

.

(/—>——/ m cu,cscﬂ\-msc—/cé c-cm=c,




O

| : |
The seven-membered cyclic disulfide 3-hexyl-1,2-dithiepan-5-one

(38) has been detected in the Hawaiian brown -the alga Dictyopteris

,p]agiogramma.sl 1,2-dithiepan-4-amine (39) along with its methane-

sulfonyl (40) and benzenesulfonyl (41) derivatives have been studied as
possible radiration drugs.52 o ¢
Cyclic disulfides with additional sulfur atoms in the ring are also

known. The red alga Chondria californica and the mushroom Lentinus

edodes contain 1,2,4-trithiolane (42), Chondria californica also con-

tains the corresponding sul foxide (43).47’53 €15-3,5-Dimethyl-1,2,4-
trithiolane (44) and the trans isomer (45) have been detected in potato
0il, roasted filberts, cooked beef, cheese, dry red beans and the

[y

mushroom Boletus edulis.50,54

o] v , ,
NH, e NH_SP,CH. NHSO,Ph
w (3 37
$—S§ $—§ - $—S§ S—?
(38) _ (39) L(80) (41)
1
S S S . S
7 7 X7r Cr
S—$ $—s S—§ $—S
(32) . (e3) (84) (45)

Similar  compounds, cis-3,5-d1ethyl-1,2,4-trithiolane (46) and

trans-3,5-diethyl-1,2,4-trithiolane (47), are found the onion Allfum

-17-
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cepadd, while trithiolaniacin (48) occurs in root material of guinea-hen

weed Petiveria alliacea,48,50

Eg(s ra Etu.,(s s Et o;( s?—a

$~S S— S$—§

v "

(46) I C/ (48)

From Chondria californica, the red alga which contains (42), have

been identified 1,2,4,5-tetrathiane (49)¢ lenthionine (50), 1,2,4,6-

. tetrathiepane (51) and the corresponding sulfone (52).%47 Lenthionine

and 1,2,4,6-tetrathiepane are-also found in the h}ghly prized edible

fushroom Lentinus edodes (Sh)itake)53’55 from which the former derives

its name. Lenthionine also occurs in cooked mutton.57

s—s, s 5>s s 5/\9{’:
- _/ N (.
'(49)4\{ (50) (51) (52)

From processed ham 54 and cooked mutton 2/ one finds 3,6-dimethyl-
1,2,4,5-tetrathiane (53), a compound similar to (49). Other bis(disul-
fides) are the dimer of 1,2-di1thiacyclobutane (54), 1,2,5,6-te§yathio-
cane (55) which is found in 'Chenin Blanc' grape leaves 50 and éae alka-

\

loid cassipourine (56) from Cassipourea gummiflua.ll an example of a

-18-
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compound w{tp four disulfide linkages is 1,2,4,5,7,8,10,11-octathia-

. tyclododecane (57) which is found in the red alga Chondria califor-
47

nica.

S$—§ ' se s 3 s
<. [ .
S-ﬁiv , N’
~ N w | ' -
(53) (54) (585) -
v

\ .

0 —

"\/S N

- s—S§
/ N s s—s/\? f
N Ne_ g , —s_ _S ;

(56) : | (57) :

~ -The very active antibiotics holomycin (58), thiolutin (59) and

aureothricin (60), which also contain a cyclic disulfide moiety, are all

isolated from Streptomyces, unfortunately these compounds also exhibit .

L
. I

[ .
|
«

H o \ 0 \ [}
N . N N
NHCCH, NHCCH AN ANHCE
/ / g | 3 / g 3 X g
_ S—S N S—§ $—S
_,,.f’ " »

¥

-~

(58) i (59) _ (60)

)
r
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considerabie toxicity.“s‘ A derivatiwe of holomyciﬁ, 3-carboxyholomycin
(61), also resembles the penicillins; this compound shows far 1less
antibiotic activity.58 Cyclic ‘disulfides of the type (62) have been
synthesized by Perrone and‘co-workers59; these were used to prepare

penicillins (63) using desulfurizaton techniques. . X

Y

R . S\ .R [ l .
S \ .
NHﬁCHa . 1-:"(/ ' m
° o ° COOCH
COOCH, 3
(61) ‘ (62) » 7 (63)

t

More complex cyclic disulfides are the bicyclic compounds - that
contain the epidithiodioxopiperazine ring system (64). Many of these
compounds exhibit antiviral, antibiotic or antifungal activity. the

site of this activity is thought to be the epidithiodioxopiperazine

ring..60 Two examples are the antibiotics gliotoxin (65) and dehydro- *

gliotoxin  (66).51  An analogue of dehydrogliotoxin, compound (67),
inhibits the enzyme reverse transcriptase.ﬁo'62 Aranotin  (68),

apoaranotin (69) and acetylaranotin (70), all produced by the fungus

Arachniotus aureus, have antiviral activity.53'64 Hyalodendrin (71), a

1

£
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fungitoxic  metabolite, is produéed' by the {mperfeét fuﬁbds ’

Hyaloﬂendron.12 Many  other epidifhiodiogopiperazines such as

gporidesmin (72) have been 1isted‘by‘Sammes.55
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The nonapeptides (oxytocin and vasopressin contain two cysteine
residues that are linked to forma cyclic disulfide. Oxytocin is
required for milk flow in lactating animals and for u%erine contractio;.
It was the first polypeptide hormone fo be synthesized. Vasopressin
increases blood pressure and suppresses urine flow.46,66 There are
several polypeptides that are cyclic disulfides; therr primary structure
is partially determined by the oxidized cysteine residues. Likely the

"best known of these polypeptides 15 the pancreatic hormone insulin. It
is composed of two chains, A and B, that are joined by two disulfide
linkages to form a ring. Furthermore, the A chain is itself a cyclic
disulfide since it contains a pair of cysteine residues that are

oxidat%Vely coup]ed.“'67

"1.9'Previous Preparations of Cyclic Disulfides.

-

The earliest method®8 used to prepare a ser{es’of cyclic disulfides

(73) was developed by Davis and Fettes.,69 They showea that the steam

.distillation of aqueous dispersions of disggfide ponmérs'affordedlvery
small amounts of the respective monomers. The rate of depolymérfzation
was very slow, however, it was noted that the addition of sodium

hydroxide significantly increased this rate.
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" dodecane (80)

- (1)

for,.s n=3, (23); n=4, (78); n=5, (15); n=6, (76)
’ n=7,(77); n=28, (78); n=9, (79); n =10, (80)

"‘vThg preparation of cyclic disulfides by reverse polymerization was
also achieved by Nelander’0 who placed ca. 100 mg of polymer latex on a
?wofold excess of solid iodine. Small droplets of liquid monomer ap-
peared at room temperature or with gentle heaking. The yields for the
five-membered ring disulfide 1,2-dithiolane (23), the six-membered ring
1,2=dithiane (74) and the seven-membered ring disulfide 1,2-dithiepane
(fS) were 72%, 92% and 81% respectively. Yields for medium ring size

cyciic disulfides were not as good; 4% of 1,2-dithiacycldoctane (76) was

‘prepared while a slightly better 8% was obtained for 1,2-dithiacyclo-

.
I3
S

‘The treatment of Bunte salts (81) with CuClé has also been used tb

. synthesize, cyclic disulfides (Scheme 2).68 The yields of monomers are

generally low, and very low (0.2-4.0 %) for medium ring size cyclic

- disulfides (eight- to twelve-membered rings). Treatment of the Bunte

salts with zinc chloride has been found less successful, while iodine or

hydrogen peroxide oxidétions have been unsuccessful.
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( Scheme 2.
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The . ﬁ reaction of tetramethyleneditmocyanate (82) \;I'ith potassium
hydroxide provides 1,2-dith1ane (74) in good yields (Scheme 3); however,
attempts to prepare 1,2-dithiacyclooctane (76) using the hexamethylene
derivative lead to polymerization.’l  gagnon, Boivin and Brown’2 claim
to have prepared 1,2-dithiolane in 95% yi21d by &dding hydraZine hydrate

to trimethylenednhiocyarzgte‘ (83).

Scheme 3,
§—§ :
- Ncs—(cn.)-scu -——-—> ( ) » NCS—({CH,)~SCN
, (82) (74) * (83)
- by

Barltrop, Hayes and Ca]vin45,prepared 1,2-dithiolane (23) and 1,2-
diti'ii"ar;e (74) by adding the respective dibromides to a refluxing $olu-
tion of sodium disulfide nonahydrate and elemental sulfur. Polymers gf
1,2-dithiolane were depolymerized by steam distillatipn in th'e‘presence
of strong alkali.

. Oxidation of thiols using common oxidants such as 0y, H50,, 12,."
¢ SO'ZCIZ. K3Fe(CN)g and FeCly is routinely used to prepare symmetrical
disulfides.”3  Careful oxidation of dithiols gsing long addition times

~




of the oxidant and high dilution cdnditions should afford good yields of
monomer as opposed tg polymer. It is precisely this type of methodology
which is most frequently used to prepare cyclic disul fides,

Cyclic disulfides contaiing 5-10, 12 and 15-membered rings have

been prepared by the siow addition of ferric chloride  to dith‘iols.74

1,2-Dithiolane (23) was_isolated as a polymeric gum. 1,2-Dithiane (74)

and 1,2-dithiepane (75) were obtaiwned in good yilelds; however, to obtain

(75) it was necessary to add.the oxidant over a period of two days. The
eight-membered cyclic disulfide (76) was obtained in 30% yield but the

h 5
addition of FeCl3 required 6 days. For larger homologues, 'the following

results were obtained: nine-membered ring (77), 45% after 7 days; ten-

B

membered ring (78), 50% after 9 days; twelve-membered ring (80), 60%
, . “y

after 7 days; fifteen-membered ring, 60% after 3 days.

The efficiency of 1o0dine oxidation of a thhol s increased by

adding triethylamine. This is due to the uptake, by the base, of the

hydroiodic acid which 1s formed 1n the reaction. Iodine and triethyl- °

amine were used by Isenberg and Herbrandson/9 to obtain the si1x membered

cycle 1,2-dithiane (74) in 96% yield. ;

) 3

The formation of monomeric disulfides wusing prolonged oxidant

'addj’tion “times s tedious, while high dilution suffers from the

disadvantage of requiring copious amounts of so]vént. An improved
method based on high dilution principie is titrimetry.75 By u.sing two
addition funnels the dwﬁthiol "and oxidant can be added simultaneously to
a flask0qonta1ning solvent. When this procedure is used the effectlive
concentr;mons of dithiol and oxidant remain very 1ow but _the final,
concentration of éisu]fide is high. Herbrandson and Nood?7 prepared“

1,2-dithiepane-5-amine hydfSchloride (84) in 75% yield by simultaneous

o

-25-




A

dropwise addition of the appropriate &ithio] and an aqueous solufion of
Io/KI to a reaction flask. Total addition time was 3 h and the final
concentration of the disulfide in solution was ca. 0.04 M. Oxidation of
this dithiol without high dilution using FeCl3, 1, or 0, under basic i

-conditions, yielded polymer or starting material.

NH;CI” .

$—S§

(84)
Similarly, Goodrow and Musker’6 synthesized a series of cyclic
disulfides (7-9 membered rings) in good yield (73-86%) using simulta-
neous addition of solutions of dithiol and I, to a solution of tri-

LY

ethylamine. The final concentration of disulfide ranged from 0.03 M to

0.07 M, and the addition took 3-5 h. The same disulfides were prepared
in far lower yields either by FeCly oxidation of the dithiols (u&dgr
high dilution coﬁditions) or CuCl,y oxidation of the Bunte saltsft Field. .
and Barbee’8 have also used the titrimetric technique a]tﬁéugh with
lTimited success.

A series of cyclic disulfides was prepared by first functionali-
zing the dithiols with lead(II) acetate to form the - lead dithiélates
(85), which were then treated with elemental sulfur réo afford the

’;éspective cyclic disu]fidés.79 Using this methodology, 1,2-dithiolane
(23) was prepared in 90%.yie]d, 1,2-dithiane (74) in 96%, l,é-dithje-

pane (75) in 82%, 1,2-dithiacyclooctane (76) in 86% and 4,5-benza-1,2-
., . e h \\




<
dithiane (86) in 88%. Unfortunately, the literature reference does not

contain any experimental details nor does it include physical data for
the disulfides which, were prepared. Using this same method, Field and
Barbee’8 reported the preparation of the six-membered cyclic disulfide

(74) in 96% yield; however, the seven membered-cyclic disulfide, 1,2-

dithiepane (75), was prepared 1n only 6% yield. \
S \
/.
Pb_ (CH)n - OC? 7
s— . S \
¥ \
(85) (86)

A study of the yields obtained for 1,2-dithiolane (23), 1,2-di-

thiane (74) and 1,2-dithiepane (75) by a variety of preparative

. techniques, including many already discussed, was performed by Field and

Barbee78- It is of 1i1nterest to compare the methods in terms of the

yields of monomer produced; further, this information will serve to

summarize much of what as been described in this section. The five-

membered cyclic disulfide, 1,2-dithiolane, (23) was obtained in 90% via
depolymerization. It was obtained in 84% yield.by slow addition of H,02
and dithiol using titr1metr1c'cond1tions to a solution ;f KI; 26% using
iodine and ferric chloride, 21-40% using lead tetraaéetate and no yield
with p-toluenesulfonyl chloride in aqueous alkali. Addition of elemen-
tal sulfur to the lead dithiolate also, did not afford any (23). 1,2-
Dithiane (74) was <best prepared by adding sulfur to the lead dithio-
1;te, the yield being 95%. p-Toluenesulfonyl chloride in aqueous alkali

afforded (74) in 93% yield. The yield of (74) was 87% using p-tolye-
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nesul fonyl chloride with no alkali, 81% using t-butyl hydroperoxide, 77%
using Ia/KI and 77% using 1odine and triethylamine. The highest yield
%or 1,2-dithiepane (75), 54%, came from dropwise addition (1.5 days) of
dithiol to a solution of FeCl3, A yield of 17% of (75) was obtained
using 'Efto1uenesu1fony1 chloride in aqueous alkali, 7% from the titri-
metric addition of dithiol and Hy)0», and 6% via the addition of sulfur
to the lead dithiolate.

In summary, moderate to good yields are usually obtained for the
smaller sized cyclic disulfides, in particular the six-membered ring
disulfide (1,2-dithiane). However, the medium sized cyclic disulfides
(8- to 12-membered rings) are difficult to prepare in good yields even

when specialized techniques are used.

1.10 Difficulties with Cyclization Reactions.

When considering the i1ntramolecular process of a cyclization reac-
tion 1t is important to acknowledge the potential for problems arising
from a competing intermolecular reaction. Galli and Mando]inlgq de-
scribe the fundamental quantity in cyclization reactions as the effec-
tive molarity (EM) or k intramolecular/k intermolecular for a given
reaction at a determined concentration. For a given con;entration, an
EM of 1 for a reaction indicates that cyclizatién (k intramolecular) and
80

polymerization (k intermolecular) are occurring at—the same rate.

It is profitable to be able to determine, Br at least to postulate,

‘what the relative ease of formation of a Iérge ring system(s) such as a.

series of macrolides of varying ring sizes may be. To do this, we must

compare the components of total free energy of formation for the intra- '

molecular process with those of the intermolecular one.  The total free
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energy involved can be broken down into three components: the differ-
encgs in ndividual bond energies which takes into consideration the
energies. of bonds that are broken and formed, the difference 1n total
strain energy, dnd lastly an entropy term,81 The bond energies for
cyclization should be the same as those for polymerization. The

differences in strain energy are those contributing to ring strain; this

compromises ring formation, Ring strain arises from a combination of

Pitzer strain (bond opposition forces due to mperfect staggering),
Baeyer strain (deformation of ring bond éngles) and strain which occurs
due to transannular interactions.82 Intuitively, we know that entropy
discourages polymerization; for an 1ntermolecular reaction to take
place, two moiecules must be brought close enough together to react.

Figure 2. Enthalpy and Entropy Effects for Cyclization.83

ENTHALPY J

Relative
tase of
Cyclization

ENTROPY

3 4 5 6 7 8 9 10 11 12 13 14

Ring Size .
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This reavires a decrease in net entropy and costs energy. For the
intramolecular process the reactants are relatively close, both being n
the same molecule; hence, entropy does not change sign1ficant1y.81 In

addition, the entropy term discourages monomer ring formation with an

increase in potential ring si1ze of the monomer ., 83 .

Note the dip in the enthalpy curve of Figure 2 above for ring
sizes 8-12, These medium size rings (8-12) are often the most difficult
to make8Z and this 1s due in large part to enthalpy effects, The

relative ease of cyclization using a combination of enthalpy and entropy

k]

effects as a function of ring size is shown below (Figure 3).

;A
¢
1

Figure 3. Relative Ease of Cyclization in Terms of

Combined Energy Effects.

‘Relative
Ease of
Cyclization

3 4 5 6 7 8 910 11 12 13 14
‘Ring Size
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Mandolini and co-workers _have published many reports
concerning macrolide formation30»82r84-85; the dafficulty in forming
medium sized rings 1s well documented in these articles. The reactiv-
ity plots presented in these reports, that is plots of EM or log EM
versus ring size, compare well with the relative ease of cyclization
plot above (Figure 3}.

Ring formation by an intramolecular process, that is, cyclization
of a bifunctional reagent, 1is a first-order process,. The competing
polymerization reaction 1is bimolecular or second-order .82 This 1is

exempiified by the following diagram.

x/-\/v | : ,
k\n‘ /\
X 4 Y

" mer \__

)

The rates for Cyclization and polymerization are:

~

[substrate]

i

Rate of cyclization keycle

Rate of polymerization = kpo]ymer[SUDStrate)z
Assuming that polymerization is the only competing reaction, then
we can establish with a simple mathematical argument the ratio of the
the rate of <cyclization to the rate of po]ymerizat1on83; that is we can

N

establish a relative rate of cyclization. \\\\\ ) -

K




keycrelsubstrate]

Relative rate of cyclization =
- kpo]ymer[substrate]2

1

Relative rate of cyclization = k -
' [substrate]

¥

;oThe principle that high substrate concentrations favor po]ymériza-
Dt'ion while dilution favors cyclization is now gquite ¢clear., Put in a
different way, cyclization can occur without strong competition only at
low concentrations of bifunctional substrate.82 High dilution to
encourage cyclization 15 wusually effected i&x two ways. The fairst
entails simple addition of a bifunctional reagent to a large volume of
solvent over a short period of time. The second 1% thé Z\eg]er85 high
dilution technique 1n which a bifunctional reagent is added very slowly
to a solution containing a reaction stimulant such as an oxidizing
reagent or heat. The accumulation of the bifunctional reagent 1s 6re7

vented; hence, by simply contrelling the rate of feed, polymerization

can be discouraged.87

1.11 Newer Methods to Enhance Monomer Formation.

Corey and co-workers88,89  have recently used double activation
methods to improve yields in lactonization procedures., This ;s done by
simultaneously activating both the carboxyl and hydroxyl sites by form-
ing the 2-pyridinethiol ester (87) of a hydroxy acid. In this compound ,
proton transfer from the hydroxy moiety to the carbdnyl is more effi-

cient than for simple esters. This can be seen below (Scheme 4).
s

¥
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Similar systems are used by Masamune90,91 3p4 Mukaiyama92 as
reported by Nicotaou.?3 In the former case lactonization is improved by
first forming the S-t-butyl thiolester and then allowing cyclization to
occur 1n the presence of mercuric trifluoroacetate. It 15 likely that
the electrophilic mercury forms a complex (88) with sulfur. Mukaiyama
rescts N-methyl-2-chloropyridinium 1iodide with a hydroxy acid; this

effects his lactonization procedures via the reactive species (89).93

«

(88) : (89)

/I& Tin derivatives have been used to prepare a variety of macrocycles. '
Shanzer and co-workers have prepared a number of large ring Systems by
exploiting the fact that tin reacts rééd1ly with heterocyclic interme-
diates to yield highly reactive reagents.94395 Firstly, dialkyl tin

species are used to prepared cyclic stannadioxane595'97, cyclic stanpa-



®)

dithianes (90)98 and cyclic stannoxathianes99 which serve as covalent
templates for intramolecular condensation. The metalloid is then expel-
led to afford the target ring.100 An example of a sulfur-containing,

macrocycle .(91) that has been formed by tﬁis method is given below in

Scheme 5.98
Scheme 5. R o L o ’
L HS ’ SN
~Bu,SnCl, ¢ CH)n —> ~Bu,Sa ) e
' HS s—
{90) o o
v I
cic—(CH)—ccl -
. ‘ ~/@"‘;)“\ ’ ¢
‘ 's Sl . ' .
’ c Cx ‘ :
07 (o]
* : €="Jéf/ LT
(91) ' R

12
Shanzer has also used silicon as the metalloid to serve as the
covalent template 'to synthesize macrocyc)es.10]’102 , Further, the

covalent template technique has been applied to the synthesis of chiral

and diastereomeric macrocycles.103'104

Macrocyclic lactones and lactams have been prepared by Steliou and
Poupart105 using tin derivatives (Scheae 6). 1n these examples {émp]age
and double activation effects are imparted by tin. Double activation
results from an increase in nucleophilicity of the alkoxy group due to

bonding to tin, while the carboxyl moiety is activated by the enhance-

°
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Scheme 6. ¢
o o"ln
K\c/ioﬂ /\cfio/snau‘ o,
(CH:)n + (..Bu,Sn),O —> ([CH)n (\ + HO
\_/OH \_/-'O/SnBu,
4 ‘ 1
, c4° '
) cH o’ + (~Bu;Sn)0

pent of the anticifated leaving group (di-n-butyltin oxide),105,106
Scheme 6, above (Steliou and co-workerleG), clearly illustrates this.

Alkali metals have been used to good effect in the synthesis of
ﬁacrocycles. For 1nstance, cyclic disulfide (92) was prepared in a
ratio of 1 : 2 (monomer / polymer) in the absence of Cs*. However, with
the addition of Cs* the ratio was 4 : 1 (monomer / polymer) or eight-
fold 1mpr0vement.107’108 The cesium jon apparently acts as a site for a
reverse host-guest relationship,- a type of template. The ability of
alkali .metals to promote monomer formation (for compound 92) decreases
in the order Cs*/ Rb*/ Nat.108 association between alkali metals and
crown ethe{z’depends on both the nature of the 1on and the crown ether
ring si.e.t09 In the same way that the proper crowﬁ ether must be
chosen to suit a particular ion, so must the appropriate ion be chosen
to facilitate a given crown ether synthesis. Bradshaw and co-workers
used K* to elegantly prepare crown ethers‘(93) and (94).}10

Rastetter and Phillion have employed thio]-funcgioqalized crown

ethers as reagents for macrolide closures.l}l The thiol moiety 1is

reacted with a o,w-hydroxy carboxylic acidf{o form a thioester. This
v S
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(92) T (93 co (94)
thioester 1is then treated with potassium t-butoxide to afford the a-
alkoxide which cycles around to attack the thioester and yield the

—

required lactone; “the cyclization reaction proceeds via a template

conformation in which the a-alkoxide is held proximate to the thioester

through. ionic bonding to the crown-bound potassium cation.”lll
Cesium has beén\ used b& Buter and Ke]]ogg112 to prepare “sulfur
containing macrocycles (95). The cesium serves as a counterion for tﬁe
thiolate nucleophile under the polar reacﬁion conditions. Lactone5113‘“
- and some éulfur containing petacyc]ophangs}13a have been similarly

. synthesized.

& Sun
s
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CHAPTER 2

RESULTS and DISCUSSION

W e -

2.1 Symmetrical Disulfides

é.l.l The Preparation of Thiotin(IV) Species

~

&

~

tri-n-Butyl alkylthiotin(IV) compounds (96) and tri-n-butyl phenyl-

"thiotin(IV) (96g) were prepared 1n very high yield and purity by mixing

. trﬁfﬂ-butyltin Chloride (97) and the respective thiols in the presence

. of a slight excess of triethylamine (Scheme 7). The procedure is

similar to that presented by Wieber and Schmidt114.115 as well as Harpp,

Aida and Chan.116 Triethylamine hydrochloride precipitated immediately

indicating the facility of the reaction. However the solution was

allowed to stir for a further 3-4 h to ensure completion.

Scheme 7.° °

o Et;N )
v, o= N=BuzsaCl  + RSH ————— n-Bu3Sn-SR + Et3NHC]

PO

(7). (96)

ek )

No significant increase in yield was achieved with a 1longer

e

reaction time. The triethylamine hydrochloride salt was removed by

filtration; and could be dried and weighed; when this was done, the-

yield of’ solid was ca. one equivalent of the hydrochloride (95-98%).

“'~_~The high and relatively clean yields of the thiotins was not unexpected.

In 1940, - Brown and Austinll? suggested that the completeness of a

similar ‘reaction of thiols with tin might be useful for quantitative

“
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determination of tin. The reaction that they comsidered was the mixing

of dithiocathecho]l(98) with st@nnic chloride ?39), shown “in Scheme 8.

Scheme 8.

SH S s
\_/ 5
. VRN
SH ., s S ) :
’ (98) (99) .
! Y
The alkyl and arylthiotig{IV) compounds were obtained as liquids or
waxy solids by  placing the samples under vacuum overnight. The
compounds were-subjected to a variety of structural determination tech-
niques, including 1H-NMR, I195n-NMR, MS and Raman sfectroscopy. These

Table 2. Yields of tri-n-Butyl Alkylthiotin(IV) Species and

tri-n-Butyl Phenylthiotin(1V).

R - &

- Entry ‘ , % Yield
tri-n-butyl benzylthiotin(IV) (96a) o yi.ﬁ,gs .
tri-n-butyl n-butylthiotin(IV) (96b) " e |
tri-n-butyl s-butylthiotin(IV) (96c) oo - ‘
tri-n-butyl t-butylthiotin(IV) (96d) . < g8
tri-n-butyl cyclohexylthiotin(1V) (96e) 97
tri-n-butyl n-decylthiotin(1V) (96f) , . .04
tri-n-butyl phenylthiotin({IV) (96g) . F " 93 -

¢ oo .

y
ey
.
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ﬂ data indicate that the purity of the thiotin{IV) compounds is high
although the waxy solids show wide melting ranges (4-8°c), Spect;b-
scopic data“ from all thiotin(fv) species and related compounds is

-

presented in Section 2.4. v .

2.1.2 Bond Strength Considerations

A

A quick calculation based on bond strengths indicates that iodin§“
or bromine should easily oxi1dize the tri-n-butyl alkyl or ary]thio:~-
tin(1V) compounds to the respective symmetrical’ disulfides. The
published bond energies shown below 1n kcal/mol 18,19 were determined
using species similar n structure to those prepared 1n the present
study, and thus can be used tc provide useful appraxwmatlons of energy

" changes involved 1n forming the disulfides. The reaction of trialkyl
-alkylthiotin(I¥) compounds with 1odine results in a reaction enthalpy of
v approximately 24“kca1)mol, while their reaction with bromine favbrs

o

disulifide formation by 46 kcal/mol.

2 RySn-SR' + I-1——= 2 R3Sn-1 + R'S-SR' ‘ '
52 36 45° 74
or -164 - (-140) = -24 kcal/mo

4

2 RySn-SR' # Br-Br —>2 R3Sn-Br + R'S-SR'

Lo 52 46 61 '74
or -196 - (-150) = -46 kcal/mol

I .

Thus bromine and iodine were used to prepare disulfides from the

0 thiotin(IV) compounds.




.
| «1(.!

2.1.3 Oxidation” of Thiotin(IV) :Species to Disulfides

" Symmetrical disulfides (6) were synthesized from the tin-sulfur
derivatives (96) by the dropwise addition of bromine or iodine in carbon
tetrachloride (Scheme 9). Yields of disulfides were highest when one
equivalent of halogen was added per two equivalents of thiotin species.
This amounted to the same quantity of oxidant required for the color of
bromine or iodine to become apparent in solution. Thus, a simplified
procedure requires the addition of oxidant until the bromir{e or iodine

color persisted in the solution.l The quantitative addition‘bf,iédine to

thiotin(IV) compounds has also been observed by Abel and Brady.l18

Scheme 9.
2 n-Buysp-SR  + X ~—— RS-SR + 2 n-Bu3SnX

. L -

(96) . 3 (5) R ‘:‘ '

| .
The reaction, which took no more than five minutes, was washed with

sodium thiosulfate, dried and the solvent was removed. The resultant
0il was -;hromatod?aphed on neutral alumina and eluted with hexanes/
dichloromethane. ‘

Isolation of the disulfides using column‘éhromatography was eésier
when Br, rather than I was used as the oxidant. The reason for this is
twofold: firstly, tri-n-butyltin bromide which formed on oxidation
appeared to be more soluble in the thiosulfate wash than trifﬂJbuty1tin

iodide; secondly, a smaller mass of tin halide is formed when Bro s

-40-

used (the molecular- weight of n-Bu3SnBr being 369 while the idodine™

derivative 1is 416). Thus, a series of disulfides was prepared using

1

bromine as oxidant (Table 3).
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Table 3. Isolated Yields of Symmetrical Disulfides

Disulfide % Yield . Disulfide % Yield
. Jbenzyl (8a) ~ | 94 cycléhefy] (8e) 94
ﬂ;butyl (8b) 96 n-decyl (8f) 84
s-butyl(8c) o7 phenyl (8g) 91
7 t-butyl(sd) 8 M

LA c]osg\survey of the literature shows that bromine ana/or jodine
oxidation of[thiotwns have been used to prepare a few symmetrical disul-
fides (di-p-tolyl disulfide and diphenyl disulfide) from tin-sulfur
derivatives, 118-120 However, experimental procedures, 1f mentianed at

all, are lacking in detail since interest is directed toward the tin

_derivative and its chemistry rather than the disulfide.

N

»

1%

2.1.4 Symmetrical Disulfides from Dithio and Tetrathiotin(IV) Compounds

One of the problems that arises during the purification of
disulfides is the large amount of tin by-product which is present in the
reaction mixture. For instance, from a bromine oxidation of 1 g of tri-

n-butyl t-butylthiotin(IV) (96d) there results a maximum of 0.24 g of

. disulfide and 0.98 g of tri-n-butyltin bromide (4.1 g of tin bromide

per 1 g of t-butyl disuifide). The tin derivative adheres strongly to

neutral alumina; hence purification is facilitated with alumina and

A nonpolar eltuting solvents. Nevertheless, the large amount of  tin by-

product is annoying. This can be alleviated somewhat by using dithiotin
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or better still, tetrathiotin compounds. Whereas bromine oxidation of
tri-n-butyl n-butylthiotin(IV) results in 4.1 g of tin bromide per 1 g
of dibutyl disulfide, the use of di-n-butyl di-n-butylthiotin(IV)
affords, wupon bromine oxidation, 2.2 g of tin dibromide per 1 g of
dibutyl disulfide. Bromine oxidation of tetra-n-butylthiotin(IV) yields
1.3 g of stannic bromide per 1 g of dibutyl disulfide, )

diiQ-QUtyl di—g;butylthiptin(lv)4(160a) and di{g—buty] dibenéy]—
thiotin(IV) (100b) were prepared by refluxing 2 equivalents of the
respective thiols with 1 equivalent of di-n-butyltin-oxide (101) in the

presence of catalytic amounts of p-toluenesulfonic acid (Scheme 10).

The apparatus was equipped with a Dean-Stank condenser to remove water.

Scheme 10.
; p-TSA /SR
2 RSH + gfnuZSnto - g;BuZSn s+ HZO
) SR .
benzene
reflux
(101) (100)

The products were thick opaque liquids. This preparation is not unlike

that of Considinel2l who reacted di-n-butyltin oxide with. 1,2~ethane-

diol (ethylene glycol) and obtained 1,1,6,6-tetra-n-butyl-1,6-distanna-

2,5,7,10-tetraoxacyclodecane (102).

/OC H,CH,O\
Bu,Sn /SnBu,
OCH,CH,0

- (102) ;-
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tetra-n-Butylthiotin(IV) .(103a) and tetrabenzylthiotin(IV) (103b)
were synthesized by adding 1 equivalent of the corresponding thiol in
the presence of freshly distilled triethylamine to slightly less than
1/4 equivalent of stannic chloride (99) (Scheme 11). After typical work
up procedures, the tetraalkylthiotin compounds were obtained as thick,
gummy liquids. These compounds were not very stable; after 1 week 1y,
NMR aanGC showed evidence for the corresponding symmetrical disulfide.
Scheme 11.

v : N P

. Et3N
4 n-BuSH + SnCly  ——— (n-BuS)qSn + 4 Et3NHCI

) (99) o (103)

di-n-Butyl disuTfide and dibenzyl disulfide were obta¥ned in -'good
yields by oxidizing the pertinent dithiotin and tetrathiotin species

9

with 1 and 2 equivalents of bromine respéctfvely. As before, the oxida-
tion was carried out in CClg; addition of oxidant was stopped once the

red-brown bromine color persisted. The yields are summarized below.

! 4

~

° 3
Table 4., Isolated Yields of Symmetrical Disulfides Prepared from the

Corresponding Dithiotin and Tetrathiotin Derivatives,
- q -

from dithiotin from tetrathiotin
compound compound
di-n-butyl disulfide 94% ' 80%
dibenzyl disulfide : 96% ‘ 74%

¢ N %
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The lower yield of symmetrical disulfide obtaine& fﬁom the oxida- .

v

tion,éf tetrathidtin derivatives may be a reflection of thé Tower - sta-
bitity of these compounds as opposed to the dithiotin species./’/kennédy
and McFarlanel?2 phave noted that, unlike monothiotin{IV) and dithio-
tin(IV) species, t?ithiotin(IV) and tetrathiotin(1IV) compounds are
susceptible to slow atmospheric hydrolysis. Nevertheless, as antici-

pated, very good yields of symmetrical disulfides were obtained” and

work-up procedures were simplified.

’

d ~

2.1.5 Bis(triphenylmethyl) Disulfides (Ditrityl Disulfide)

It was of interest to investigate the preparation of ditrityl

disulfide (8h) via an organotin reagent since triphenylmethanethiol

3

(104) itself 1is not readily oxidized by iodine to the disulfide, as is

, ‘ $ Iz
Ph3CSH + Bu3SnCl —— Bu3Sn-SCPh; ———— } (Ph3CS), + Bu3Sal

(104 Deem g (e

oy

o

the case with most other thio]s.123 The mechanism for iodine oxidation

~
t

. Of thiols is thought to be as follows.123

RSH + 1 <===="RSI + HI

RSH + RSIg=—==2"RSSR'+ HI S

net... 2 RSH + 1o G===S"RSSR +Hl _

’




.
5

' Provided that HI (strong reducing agent) is taken up in an aqueous
solution or by the action of a base then the reaction proceeds and
disulfide 1s formed.’3 However, for R = triphenylmethy) (t?ityl), the
initial equilibrium disfavors sulfenyl 10dide formation. It has been
arqued that inductive effects withdraw electrons from sulfur, hence
weakening its effectiveness as a nucleophile.l23 b

In preparing the trialkyl thiotin(IV) compound we are dealing with
a sufficiently different situation, so halogen oxidation may afford the
disul fide.

Triphenylmethanethiol (104) was prepared by passing hydrogen ;u1-
fide through an acetic acid solution of triphenylmethanol (triphenylcar-
binol) containing a catalytic amount of sulfuric acid. This prepara-
tion, based on that of Vorlinder and Mittagl24, easily afforded the
odorless thiol in 91% yield. |

The thiol was then reacted with tri-n-butyltin chlori?e by using
procequres similar to thdgé already presented except that the solution
was stirred vigorously for 20 h. Proton NMR, mass spectrometry and
119sn-NMR showed that after this lengthy time the mixture was non-
homogeneous. The resultant orange mixture streaked on silica. and
alumina while attempts at distillation led to decomposition. 119§n-NMR
of the crude showed three peaks : 54.7 ppm (46%, th1otip); 104.9 pgm
(16%); and 154.6 ppm (38%, tri-n-butyltin chloride), The 119Sn-NMR
integrations appear to reflect relative abundanﬁes reagonably we]lﬁ for
instance the (1:1), (10:1) and (1:10) molar mixtures of tri-n-butyltin
chloride and tri-n-butyl phenylthiotin(IV) provided the following inte-

grations: (1.1 :1); (11.4 : 1); (1 :9.2). Tin NMR data are tabulated
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( Tater in Section 2.4.1. MS also showed evidence of unréacted tri-n-

©butyltin c;loride.

A small amount of fine white crystals (mp 160-164°C) precipitated
when the crude mixture was taken up in cold hexanes.. This solid’ was
bis{(triphenylmethyl) sulfide (105, ditrity! sulfide), obtained in 3%
yield; the mixed ’melting point with authenthc bis(tr1eheny]methy1)

T sulfidel?5 (mp 158-165°C) was 159-164°C.  Furthermore, the proton NMR
of these white crystals and authentic sulfide (105) were 31dentical.
Disproportionation of tri-n-butyl thiphenylmethylthiotin(1IV) (gﬁh) may
. well have given bis(triphenylmethyl) sulfide and bis (tri-n-butyltin)
sulfide (106) (Scheme 12). It was thought that this may account for the
third peak found in the 119Sn-NMR at'104.9 ppm; however, an authentic
_sample of (106) showed a 119sn_NMR resohance at 82.6 ppm. In fact, the
peak at 104.9 ppm corresponds to bis(tri-n~butyltin) oxide (107), which
Tikely resulted from the hydrolysis of residual tri-n-butyltin chloride
ddring aqueous' work-up procedures. The 3 % of bis{triphenyimethyl)

sulfide found could be due to air oxidatién of the tin-sulfur reagent.
Scheme 12.
. 2 Trityl-S-SaBuy ————>= Trityl-S-Trityl + Bu3Sn-S-SnBuj "

(96h) | (105) (106)

x . Bu3Sn-0-SnBuj

e ‘ . (107)
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This crude mixture was o§idized with bromine or iodine 1in an
attempt to form the disulfide from tri-n-butyl triphenylmethylthio-
tin{IV) in the mix. Typical work—ué procedures afforded an oily blend.
Proton NMR of this mix showed upfield resonances corresponding to n-
butyl aAd @ resonance in the aroma;ic region at 7.29 ppm. The latter
peak may have been that of bis(triphenylmethyl) disulfide.

After the addition to the mixture of hexanes/dichloromethane (7:1)
white crystals sléwly appeared; these were recrystallized to afford 43%
of bis(triphenylmethyl) sulfide. The solid decomposed at 159-164°C. A
mi xed melting point with authentic bis(triphenylmethyl) sulfidel?5 3¢

in the same range. The literature melting point of the disulfide is

155°C while that of the sulfide is 165°C.126  I4.NMR showed a singlet

at 7.23 ppm. ‘ Lastly, the osmometric molecular weight determination of
these crystals indicated a molecular weight of 497 g/mol, the calculated
weight of the suifide 1s 519.4 g/mol while that of the disu}fiqe is
551.5 g/mol. Clearly, the isolated product was the sulfide and not
the disulfide.f The differences in proton NMR between the crude mixture
and the isolated. product {7.29 ppm versus 7.23 ppm) suggest that the
disulfide may have been formed 1nitially. By analogy with phenyl
sulfides and dlsulflde§, one would expect the broton resonance for the
disulfide to be slightly downfield from the sulfide . —The aromatic
resonancé)for diphenyl sulfide is 7.28 ppm, for diphenyl disulfide it is

7.31 ppm. It is likely that if the disulfide was part of the oily

crude, after oxidation, then purification attempts led to decomposition.

There. have been previous reports stating the low-stability of bis(tri-
phenylmethyl) disu1f1de;126’127 the disulfide was prepared by condensing

triphenylmethanesulfenyl chloride with thipheny]methanethiol.127 It has
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also . been noted that the disulfide is surprisingly less stable than the

cbrresponding trisulifide and texrasulftﬁe.IZI Generally, when con-

sidering a series of polysulf%des, the opposite is true. As an examp{e,
the energy of the sulfur sulfur (S-SS bond in dimethyl disulfide is 74
k¢a1/m0119 while the average S-S bond energy for dimethyl tetrasulfide
is 36 kcal/mol.127 steric interference is introduced to explain the

1

anomaly presented. \

2.2 Cyclic Disulfides . S

Cyclic disulfiﬁes (73) where n=3-10 were prepared via two‘ routes.
In the first methoa the respective dithiols (}08) were treated with 2
equivalents of tri-n-butyltin chloride to afford p-a;»-alky1d1thioﬁexa<
j;butylditin(lv) compounds (109). These were subsequént]y oxidized with
bromine or iodine to yield the cyclic disulfides (Scheﬁe 13).  This
preparation is not unlike tﬁat used to make the tri-n-butyl alkylthio-

tin(1V) compounds.
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Scheme 13. | ° . .
| ~Busns~ Xy s—s
"MS(CHp)pSH + 2 BugsnClie  (CH)o ——p ) + 2 BugSn-X
© BuSas—~ cH)n ‘ .
n=3-10
(108) (97) (09) . (13)

For the second approach it was first necessary to synthesize 2,2-
di-n-butyl-1,3,2-dithiastannacycloalkanes (110) by refluxing the appro-
priate dithiols with di-n-butyltin oxide (101). The compounds were

then oxidized with bromine or iodine to give the corresponding cyclic




disul fides (Scheme 14).  This procedure parallels that in wHich di-n-

butyl di-n-butylthiotin(IV) (100a) and di-n-buty)l dibenzylthiotin(IV)

(100b) were prepared and then oxidized to afford di-n-butyl disulfide

and dibenzyl disulfide. )

Q .
i -

Scheme 14. j; L ]
/5\ ’ Xz S—-S
HS(CHp)pSH + BupSn=0 “—» Bu,Sn  (CHJn — ) , +  BupSnXy
\s/
. oL, (CH,),'
n=3-10
(108) © ° (101) . (110) (713) .

RECE
/

Before we consider each of these preparafions in more detail it is
important to realize that although.the two methods are similar, in that
firstly a tin-sulfur derivative is prepared followed by an oxidation
step yielding the disulfide, there is an important difference between
these two procedures, In the first synthesis (Scheme 13) cyclization
occurs during the oxidation step, whereas in the second {Scheme 19),
cyclization occurs during the synthesis of the tin-sulfur derivative,

All of the required a,@iéikane dithiols were available from commer-
cial _sources except 1,7-hept$nedithiol and 1,9-nonanedithiol; these
were prepared 1n good yields, 81% and 78% respectively, using the thio-

uronium salt method.l12®  This involves treatment of the corresponding

dibromides with thiourea in refluxing ethanol. The thiduronium salt,

'which,iformed, was decomposed to the dithiols by refluxing in dilute

aqueous potassium hydroxide. The resu]tani dithiols had boiling points °

that matched literature values and proton NMR was correct for each.
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2.2.1 Cyclic Disulfides Prepared from u-Dithioditins

The p-a,w-alkyldithiohexa-n-butylditin(IV) éompounds were visoous

liquids or waxy solids; they were difficult to purify because they

streaked severely on alumina or silica gel and they were not readily"

distillable. Fortunately, after the samples had been placed under

vacuum-overnight, proton NMR, 119Sn-NMR and MS showed that these dithio-

. ditin species were homogeneous; hence they were used without further

purification.

The u-dithioditin(IV) compounds were oxidized with bromine or

~todine in CHpCly to yield the cyclic disulfides. The oxidant (0.20 M in

CHaClp) was added at a rate of 2 ml/min to a 0.05 M dichloromethane
solution of the tin-sulfur Qerivative. Bromine or iodine were taken up
as qﬁickly as they were added, as shown‘by the fast dispersal of the
oxidant's color in solution. With this rate of feed, a potential of 4.0
mmol of cyclic disulfide can be prepared in 10 min. Table 5, below,

shows the monomer yields, which compare well with previous preparations

of these cyclic disulfides. As was indicated in the introduction td

this thesis, former syntheses required long addition times, as much as

days, or high dilution (many liters of solvent). Often, Tliterature
K129

S

yields are much lower than those achieved in this wor
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The yields of the cyclic disulfides are all for isolated compounds '

except for 1,2-dithiolane (23). The yields for this compound are based

on ultraviolet spectra of dichloromethane solutions (various di]utiohé),

( Nmax 330 nm, 6=142).13O This UV data may be compared with the value
obtained by Baritrop, Hayes and- Ca]vin45, (ELOH, Apax 334 nm, €=150).

Attempts to isolate this compound by gentle evaporasi?n of the so}veﬁf

¢ 7
under a stream of nitrogen led t?/polymerizationf, ~7 \

¢




- Table 5. Yields of Cyclic Disulfides Prepared by the

Method in Scheme 13.

. - % Yields 7’

Qisulfide ’ n?ing Size with ?f? with I
1,2-Dithiolane (23) - J’f 5 \ 8 9
1,2-Dithiane (74) . 6 ] 95 96
1,2-Dith1epane (75) 7. - 76 74
1,2-Dithiacyclooctane (76) '8 36’ 37
1,2-Dithiacyciononane (77) 9 w 3¢ dZ'ﬂ
1,2-Dithiacyclodecane (78) 10 59 éi
1,2-Dithiacycloundecane (79) 11 (34)* \‘(38)*
1,2-Dithiacyclododecane (80) '12 1.5, (59)*'\ (61):

hd

these entries were isolated as .dimers, GC evidence shows that the

monomers were 1nitially formed but isolation reSulted in dimerization,

Except for a low yield (1.5 %) of (80) when Bro was used as an '

oxidant, 1,2-dithiacycloundecane (79) and l,Z;dithiacyclododecane (80)
were obtained as dimers. Gas chromatographic analyses showed that bofh
of these cyclic d}sulfides were formed to some degree as monomers. It
appears that work-up procedures (chromatography and the removal of
solvent) yielded the dimers. It is difficult to say what amount of
monomer  was initially formed because the GC response factor of the
monomer is unknown. Without this, GC integrations can only be estimates

based on analogous compounds. It is possible to analyze the chromato-

grams of the crude mixtures and extrapolate from isolaﬁﬁi\pjmer yields;
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doing this indicates that a good deal of the dimer o¢btained after chro-
matography resulted from the monomer, as mych as 80% of the isolated
amount of dimer in both cases.

Structural studies were carried out to discriminate between monomer
and dimers or possibly higher polymers, these are detailed in section
2.2.5. It is worth noting however, that'thes‘e studies were difficult
for the eight-membered (76), nine-membered {77) and ten-membered ring
disulfide (79), since these three polymerized 1na few hours. The

eleven-membered ring and -the twelve-membered ring disulfides [(79) &+d

(80)], which were isolated asi dimers, continued to polymerize to higher

,-52-

polymers; compound (79) appeared to bé more prone to further polymeri- K

zation than compound (80). In contrast, 1,2-dithiane (74), the six-
membered ring disulfide could be kept for weeks- with little poﬁyme-
rization while 1,2-dithiepaneu(75) the geven—membéred ring disulfide
could be kept for about one week before polymerization became notice-

able. The wvarious stabilities in the cyclic disulfide 5series likely

reflects ring effects on the sulfur-sulfur bond. The low stability of .

the medium-size ring disulfides has also been noted by Schoberl and
Grije’4 as well as Affleck and Dougher‘cy.68
The Tlower yields obtained for the eight- and nine-membered _r%ng

disulfides coincides with the enthalpy "dip" on the ease of cyclization

curves (pages 29 and 30). Furthermore, ,the greatest yields were .

obtained for the five- six- and seven-membered ring disulfides; this too

was\predicted’fnom the .ease of cyclization curve on page 30. -

» 4 g 4

<
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3(,,2.2.2 Cyclic Disulfides from 2,2-di-n-Buty)l-1,2,3-Dithiastannacyclo- .

-

alkanes

The 2,2-d1-n-butyl-1,3,2-dithiastannacycloalkanes (110) were pre-
'pared by adding the respective dithiols te benzene solutions of di-n-
butyltin oxide and catalytic amounts of para-toluenesulfomg acid. Two
different final concentrations of bemzene solutions were used {0.05 M,
0.20 M).. The dithiols were added as 1.0 M benzene solutions at a rate

of 2 mT/min.,  The reaction is a straightforward nucleopmlic displace-

;ment of the oxygen by two sulfhydryl moieties. The water that is farmed

in this réaction was removed as a water7benzene binary azeotrope

- ~ (bp. 69 °C) and collected in a Dean-Stark condensing apparatus.

2,2-di-n-Butyl-1,3,2-dithiastannacyclohexane (110a) was obtained as
fine white crystals 1n 97% yield. This compound was clearly ‘monomeric.
as attested by mass$ spec_tf‘ometr_y and, more important, osmometric molecu-

#

Tlar weight determjnatmhs. The other dithiastannacycloalkanes were

very thick liquids or gums. These compounds streaked on silica and  ~

alumina column chromatography. * Attempts*at distillation wusing very

high vacuum charred the samples; the vacuum was acquired with an “oil

diffi{smn pump (10"5 mm/Hg) . It is surprising that these- monotin

species could not be distilled; since, tri-n-butyl benzynithlotin(IV)\

(96a) distilled at 139°C/0.3 mm. Heating the neat samples during dis-

tillation may have caused them to polymerize. These polymers would then -

decompose upon further héating (1800-2000(:). Alternatively, the dithia--

stanna compounds may‘ have been prepared solely as dimers ~or higher

polymers; however, the good yields-of monomeric cyclic disulfides, which

:wl‘ere achieved by oxidizing thesé*cpmpounds, largely discredits this

<
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possi_t;ility. It L’should be noted that mass s‘pectra(;l evidence for many--
of the dithiastanna systems indicates that they were \obtained, to some
degre%. ~as dimers ('polymers); there is no reason to believe that they |
were obtained "fuﬁly in this manner. The mass spectra for 2,2-di-n- !
butyl—l,3,2-dithi¥astannacyc]ooctane‘(110'c), Z,g‘-di—g-butyl-l,3,2'—d1‘thia-
stahnac\_yc}ononane (110d), 2,2—d§-_n_-buty1—1,3,2-dithiastannacyﬂodecane
(110e), 2,2-di-n-butyl-1,3,2-dithiastannacycloundecane (110f), 2,2-di-n-
t;utyi-l,3,2-d1th1astann‘acyc]ododecane (110g) an¢ 2,2-d1-p-butyl-1,3,2-
dithiasiannacyclotridecane (110h) all showed peaks with m/z greater than
the respective parent 1ons for the monomers., The peaks in question are
a c'luster' whose largest components are m/z: 475, 473 and . 471, This
cluster corresponds to n-Bujsn,S,*, which may appear as (111) depicted
beTow.. . Theé peaks match the isotopic cluster that can be calculated for
a‘di’tin\species using all of the naturally occurr:ing isotopes of tin. A
broader discussion on the mass spectral behavior of tin species, includ-

%

ing calculated closters, ds included 1later in this chapter (Seéti'bn

2-4.2)- '
e s . T
' ; . Bu,Sv’ SnB
i \s/
* g .
N 2, -~ ~ .
(111) “ o '

-
.

It was desired to isolate all of the dithiastannacycloalkanes in

pure mor’womeric form so that a study on the amount of monomeric cyclic

disulfide resulting from the subsequent oxidation could have been
performed; unfortunately, as indicated above, this coﬁld not be done,

Nonetheless, cyclic dilefides were prepared by bromine or iodine oxida-




tions ~ of the 2,2-di1g¢but}1-1.3,2-dithiast5nnaycloa1kanes (prepared “in

0.05 M or 0.20 M solutions) as the§ were obtainéd. That is, those. '

-

mixtures which were known to‘contain appreciable amounts of polymeric

dithiastanna compounds were used as such. The oxidative procedure is

‘much the same as the previous method described to form cyclic disulfides

by: oxidatively coupling p-a,w -alkyldithiohexa-n-butylditin(IV) com-
pounds. The yield of 1,2-dithiolane (23) was once again determined by

ultraviolet spectroscopy. As before 1,2-dithiacycioundecane (79) and

USRI e

¢

Table 6. Yields of Cyclic Disulfides as Obtained by the Oxidation of

Z,Z-diingutyl-1,B,Q—bithiastannacycloalkanes Which had

Been Prepared in 0.05 M and 0.20 M Solutions.

T % Yields
Disulfide Ring size - 0.05 M 0.20 M
",
Brz 12 ’ Br‘z 12
(23) 5 97 97 <9 93
(74) 6 "« 96 96 % %

. (75) g 7 80 77 - .83 49
(1) 8 22 2% 16 16
(77) e g 36 3] 18 14

:‘v s ., &

(78) 10 45 ' 49 20 21
(79) 1 . (a7)* (40)* (34)" (38)"
mm) 12 (48)f  (43)* (39)" (37"

Y (‘i' - . i .
~ . These entries were isolated as dimers.

S
* »

4
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C/ _ 1,2-dithiacyclododecane (80) were formed as dimers; again, GC indicated

s

that appreciable amounts of the monomers were formed in situ. As much as

———

80 % of the isolated dimer yields were initially in monomeric form;
however,- for reasons noted-earlier (page 51), only estimates of the
amount of monomer formed can be made. The yields for the cyclic disul-

- fides are summarized 1n Table 6 above. The relation between yields and

e

Fing size is similar to that noted before (page 52). Noteworthy; is the
fact thqt the yields of the cyclic disulfides were greater when the
dithiastannacycloalkanes prepared in the more dilute solution (0.05 M)
were used. This was the anticipated result éuggesting that dilution
aids in monomer formation; ‘the effects of dilution in conjunction with
tin reagents 1s presented in Section 2.2.4.

?

2.2.3 Comparison of Yields of Cyclic Disulfides Prepared from the

Oxidation of Thiotin Species Versus Oxidation of the Dithiol’

A GC study Qas undertaken to compare the efficacy of synthesizing
cyclic. disulfides using thiotins versus the preparation of these disul-
fides without tin .  One equivalent of bromine was slowly added to 0.05
M CH2C12 solutisns of the p-o,w -alkyldithiohexa-n-butylditin compounds
(109). This preparation is a duplicate to ;he procedures presented
above except the dichloromethane containeq(Z% v/v of Z,S-dimefhyl
thiophene. This additive served as an inert internal standard for gés
chromatographic analyses. _Using identical conditions (solvent, time,
concentrations and temperatdre) the cyclic disulfides were also fur-
nfshed by diqgctiy oxidizing the respective dithiols. In the -lattér

' set of experiments 2 equivalents of triethylamine were added to the

solution prior»to'a slow introduction of bromine. The triethylamine is
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; “Jablé 7. Relatfve’Yields of Cyclic Disulfides; With and Without Tin.

Py

ar

Disulfide Ring Size ,\ Relative ‘Amounts
.o ., with tin : without

1,2-Dithialane (23) . s 1.8 : 1~
1,2-Dithiane (74) 6 ) R NI
. 1,2-Dithi epane, (75) 7 2.7 ¢ 1
1,2-Dithiacyclooctane (76) | 8 “ 12
1,2-Dithiacyclononane (77); 9 10 1
1,2-Dithiacyclodecane (78) 10 ° Ry 1
I,Z-Dithiacyéloundecane (79) ;Il - 8.0 1
1,2-Dithiacyclododecane (80) le> 12 6.5 1

‘required to neutralize hydrobromic acid which forms; this acid hinders

°

didulfide formation,/3 Table 7 above, summarizes the relative yields

1

for tyclic disulfides of five to twelve-membered size rings as obtained -

with, and without the aid of thiotins.
These experiments show that for small rings, 5 and 6 members, tin-

sulfur derivatives }mprove yields somewhat. Good yieldsf for these

< cyclic disulfides, particularly 1,2-dithiane (74), have been achieved in

the past by simple oxidative pr'ocedures.“"."d’75’78’79

1,2-Dithiepane (75) ?was formed in better yields when the corre-
sponding thiotin compound was used, although this compound can also bé
attained in moderate yields with straight forward lox{dqtion.78 The
relative .yields of the medium size rings (8 to 12jmembered @rings)
clearly show that thiotin(IV) compounds greatly égd in the formation of
monomeric cyclic disulfide. The medium size rings are the most difficult

#
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Table '8, Yields.of Cyclic Disulfides Attained Using Bunte' Salts.%8
- " Disulfide - Ring Yield(%) Authors' Comments68
u ’ Size . .
; ' &
1,2-Dithiepane (75) , | 13
1,2-Dithiacyclooctane (76). - 8 - 4 Quickly polymer;zed
. . ' to a sticky rubber.
1,2-Dithiacyclononane (77) 9 2
1,2-Dithiacyclodecane (?8)\\ ‘_10 N 3
1,2-Dithiacycloundecane (79)  ° 11 0.2 ., Trace of oil, too »
. N : _ little to purify.
1,2-Dithiacyclododecafie (80) 12 - 2-3 Polymerized almost
) . N\ PR spontaneously.

to make; fdf instanée, Aff]éck”ana Dt;ugherthyﬁ8 prepared these medium
ring disulfides 1in low yields by oxidation of the  respective Bunte
salts. fhe concentratibn:of the sb1uxion wﬁs 0.2-0.4 M and the oxidant
"~ was added over quite a short period of time (1.50 moles of CuCl, added

in" 2 h), The yields that these workers attained are given above

(Table '8).-

S c—

2.2.4 Oxidation of p-1,7-Heptyldithiohexa-n-Butylditin(IV) (109e) in

Variety gf Solution Concentrations

¢

Solution concentration plays an Hmportant role in p}eparation of
monomers. = A combination of  dilution and tin effects should afford
even greater yields of monomeric magrocyc]és. 'This was indicated
earlier when a comparison was made between éhe yields of monomeric
cyclic ‘disulfides synthesized by the oxidation of the 2,2-di-n-butyl- ‘
1,3,2-dithiastanna compounds which were'prepared‘in two diffeéent solu-

tion concentrations, 0.05 M and 0.20 M. Higher yields of disulfides




0.

were achieved when the dithiastannacycloalkanes prepared in a 0.05 M
benzene solution . were used. To further investigate combinations of

dilution and tin effects, 1,2-dithiacyclononane (77) was prepared using

~a series of diluted solutions containing either pu-1,7-heptyldithiohexa-

n-butylditin(IV) (109e) or just the dithiol (1,7-heptanedithiol). Five
different solutions of 1,7-heptane dithiol in the presence of 2 equiva-

lents of triethylamine were oxidized with one equivalent of bromine.

" Using swmmilar reaction conditions, without triethylamine, a series of

solutions of the tin-sulfur derivative (109e) were concomitant]&
ox%dized. The reaction concentrations were; 0.50 M, 0.10 M, 0.05 M,
0.01 M and 0.005 M. The solutions were prepared by appropriately
diluting stock solutions which contained an equal amount of 2,5-d1-

methylthiophene, an internal GC standard . In this way all ten

solutions contained the same amount of 2,5-dimethylthiophene. Only three.

of the entries were isolated; 0.05.M with tin, 0.005 M with tin and

0.005 M without tin. The yields of the other ‘entries were deduced by
using the internal standard and comparing GC aata for these entries with
GC data obtained for the three solutions noted above.

At the higher concentrations, 0.50 M and 0.10 M, no monomeric

disul fide was detectedlafter oxidation of the dithiol. Oxidation of the

A
thiotin at these concentrations resulted in 7 % and 21 % yields of the

monomer respectively.. 'In 0.05 M dichloromethane solutions, the yield

of 1,2-dithiacyclononane (77) from the dithiol was 4% while from the

'

thiotin the yield was 42%. “The more dilute solutions showed even
further improvement in monomer formation; at 0.01 M and 0.0QS M phe
respective yields froﬁ the d1$hiol were 8% and 9%, from the thiotin the

yields were 63% and 66% (Table 9. '
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Table-9. Yields of 1,2-D%thihcyclonohane Obtained With and Without -

Tin Reagents in Various solution Cohcentrations.

4

on . Concentration (mol/1) f—‘;/Y,i@.nld\ % Yield

© L Soluti 2+l
C With Tin Without Tin

0.50 7 Pl Y - .
‘ , p
. 0.10 l\\\\\;/#_§£»-‘ -
S e 0.05 , C 42 .4
0.1 " . 63 8
0.005 - - 66 9

Examining the results from the last two solution concentrations,

Q.Ol M and 0.005 M, it is interesting to note that while there was a

doubling 1in the dilution factor there was no significant improvement in

yields., It is evident that a consideration of cost and time effective~

ness of these types of reactions is warranted. While further dilution

does improve yields it may not be sufficient to substantiate uses of

_large quantities of solvent or time which would be required. Never-

theless, it is clear that dilution which is important for the formation
of monomérs from the dithiols is also very useful when oxidizing the

tin-sulfur reagents. Hence cyclic disulfides are best prepared with

the conjunction of the use of tin-sulfur compounds and dilution. Dilu-

tion may be as straightforward as presented above, - or it may involve

high-dilution methods including titrimetry.’6
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2.2.5 Discrimination Between Monomers and Dimers
0

It . is imperative to establish whether the cyclic disulfides which

' were isolated, were prepared as monomers, dimers or possibly higher

polymers. A wide variety of physical methods were used to discriminate

. between. monomers and dimers. Individually these methods may not be

sufficient proof, but together they provide strong evidence.

2.2.5.1 Physical Prdperties_gf Cyclic Disulfades

Many of the 1sb1ated cyclic disulfides hig physical properties
similar to those published. 1,2-Dithiane (;4)&;65 isolated as a white
solid whose melting point was 30-31°C; some literature values are
29°C71, 29-30°C75, 31-31.5°C74 and  30-32°C78.  1,2-Dithiepane (75)
had a boiling point of 47°C/1.0 e ; literature values 1nclude 55~
60°C/1.7 mn’8, 42°c/2 mm’® and 57-60°C/5 mm68.  The refractive indices

of those compounds which were obtained as liquids alsa compares well

with published results; these data are summarized below in Table 10.

. Table 10. Refractive Indices of Some Cyclic Disulfides.

. Disulfide : Refractive Index (nf°) .
) Found . ‘ - Literature
1,2-Dithiepane (75) | 1.5681 C 15708, 1.5690P
1,2-Dithiacyclooctane (76) 1.567 1.56982
1,2-Dithiacyclononane (77) 1.5627 1.56422, 1.5623C
1,2-Dithiacyclodecane (78) 1.5407 © 1.54612

~

a: nﬁs, reference (74); b: nBs, reference (78); c: ngs.
reference (76).

-
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2.2.5.2 Molecular Refractivity Study

The density of 1,2-dithiepane (75) was determined to be  1.14765
g/ml using a Sodev inc. vibrating cell densitometer, 131 Knowing this

value and the refractive index it is possible to compute the molecular-

refractivity using the Lorentz and Lorentz equationl3Z, where n'is the

\

: : ' Mo [(ng%)2 - 1N .
Molecular Refractivity = —°* —————— .
d  [(ng°)2 + 2]

/ “

’

A,

refractive index, d is thebdensity and M is the molecular weight. In
this way\ the value obtained for the monomer is 38.27 ml/mol; for the
dimer it would be twice that, 76.55 ml/ mole, by virtue of the molecu-
lar weight. Tﬁe molecular refractivity can be provided by a second
method: the summation of atomic Snd structural constants or bond
fefractions. These values are provided in many refeéence texts. Ordi-
nari}y one cannot differentiate between a monomer and a dimer in this
fashion, since the calculated molecular refractivity of a dimer is twice
that of the monomer (as with the computed molecular refractivity)e The
calculation consists of twice as many bond refractions, that 1is the
) dimer will have twice as many C-H bonds, twice as many C-S bonds and so
on. However, the C-C bond refractivity for small rings is sufficiently
different from large ring or alicyclic C-C bond refractivity; thus a
comparison between computed and calcﬁlated molecular refractivities of
’ the smaller seven-membered ring (1,2-dithiepane (75)) versus its dimer

4
can be made to assist us in discriminating between monomer or dimer.
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The calculated value for the monomer is 39.17 ml/mole or 2.30%

higher than the computed value,

78.55 m1/mole or 2.54 % higher than the computed value of 76.55.

for monomer:

4 e e 12" =
10 d-n @ 1.676 .=
2 -5 @ 4,61 =
1 $-S @ 8.11 =

!
i

'
3

5.08
16.76
9.22
8.11

39.17

* ¢-C value for small rings

|

for dimer:

8 C-C
20 C-H
4 C-S
2 -5

® @ ® @

1.296

1.676

4.61

8.11

while that calculated for the dimer is

-63-

This -

10.37

33.52
18.44
16.22

78.55

appearﬁ to suggest that the liquid is monomeric 1,2-dithiepane, however

the pe?cent differences are so close as to make this study inconclusivg.

Table 11. ;a]culated and Computed Molecular Refractivities

\ |

of 1,2-Dithiepane.

Refractivity
. Calculated  Computed
monomer 39.17 38.27
.l S N
diper , 78.55 . ~ 76.55

"

2.2.5.3 Molecular, Weight Study

,

H

% Difference 1_.

2.30°
" 2.54

Molecular weight determinations, were attempted using a Corona-

-

b3

Wescan Osmometric Moléculér Neighi Abparatus..'"The principle appﬁied by .

'F
M
.

i

/
!
i

/
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the‘system is as follows.133 The vapor pressure of & solution is lower
than that of a pure solvent at the same temperatuyre. This is a direct

consequence of Raoult's law, where Pj is the partial pressure of solvent

Pl =x1 . p1°
\

P1° the vapor pressure of pure solvent and xj the mole fraction of
solvent.

The instrument consists of two thermistors that are connected by a

bridge; any unbalance can be measured with a sensitive detector. Ther

v

thermistors are enclosed in a heated bath with -a saturated atmosphere of
, pure solvent. The pure solvent in this case was toVagene-and thhbath
temperature was 50°C. When a solution is dropped on one of the thermis-
tors, condensation of solvent into the solution from the surrounding

atmosphere %ccurs. This happens because of the lower vapor pressure of

Fad

the solution. This condensation .releases heat, thys warming the,

“ thermistor. All the while, pure solvent is dropped unto the second
thermistor; hence a temperature differghce may be measured.  From this
différence (aT) the molecylar weight of the solute can be measured.

K 1is a constant which hust be determined prior to the. experiment ‘by

‘ S
AT=K .C\ - , v >V,,»<
m . - . T

RN - v, - oa

",\?unning a seriés of controls, C is the solute'concentration in g/1 and m

v -

~is the molecular we&ght of the solute. The accuracy of the calibration

‘curve required to find K could be confirmed by doing experiments on’

samples of known molecjlar weight; when this was dope erro}ﬁ of 1-2% of
the actual molecular weight were usually found,”in some instances devia-

tions of up to 5% were noted. L - N

>

L
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The system will not stabilize unless the solvent is Sufficiently
more volatile than the soTute being investigated.l33 Unfortunately all
of the monomeric cyclic disul fides were too volatile 50 that measurement
© of their molecular weights with this instrument proved to be impossible.
" Attempts to operate the instrument at lower temﬁeratures by using more
‘volati1e solvents were also ?nsuccessful. It 1s recommended that the'

apparatus be operated at such a temperature so twai tﬁé solvent .vapor_ " 7 t

pressure be 50-200 mm Hg. For dichloromethane this temperature is

20°c.133 unluckily, mechanical pumping of the necessary coolant around ,
,/

fl

the —b]ock containing the thermistors could not be affected ‘with the
needed precisioq “to getmthe required stability. With Q;bentg;e as
.. solvent the required temperature is about 5°C; agawn the 1nstrument was
/ qu‘noisy, although less so thdn before. For the 1latter case, the
éooﬂant used was a steady stream'd% cold tap watec. .
The instrument was useful fo; larger, less volatile compounds; for
L{Asﬁance, 1t ingicated that 1,2-dithiacquundecane (79) and 1,2-dithia- -
cyclododecane ' (80) were obtained as dimers. Jhe molecular weight for
(79) was determined to be 398, the calculated weight for the dimer iis'
380.7. The weight obtained for-{80) was 418, the calculatedj dimer
weight is 408.8 (Tablé 12).  Noteworthy is the fact that 1,2-djthia-
cyclododecane which {s 1solated as a d%her had a melting point of 37-
©39°C. Schéberl and Grafje isolated 1,2-dithiacyclododecane tn 60%
yield; they believed it .to'be monomeric, however)the reported melting

point (4Q-42°C74) suggests that they had actually™isqlated the dimer.
. ¢ s

o
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Table 12. Osmometric yolecalar Wetght Determination of {79) ahh'(80)1

Entry = - Calculated Molecular Weight Molecular ., ..
for Morfomer for-Dimer Weight Found
177 5 w0 ]
(79) - 1904 . ¢ 380.7 .- 398
(80) “ 204.4  408.8 ., 418
i \ﬂ . h .
2.,2.5.4 Proton NMR" Study T

e
o
Ty

A1l of the cyclic disulfides had the appropriate proton NMR

spectrum. Usually, - a resonance (triplet) at‘ébout 2:?0 ppm downfield
from TMS was found; this triplet was assigned to the methylenes adjacent
to tﬁe«disu]fide 1inkage. This peak (2.70 ppm) is similar to the one
found in straight chain aliphatic disulfides. Proton NMR is not very

AN
effective in discriminating between monomers and dimers or higher

polymers of the medium or large ring disulfides. For the smaller ring

disulfides, resonances for these methylenes next to sulfur were slightly
further downfield. For 1,2-dith1ane (74) and 1,2-dithiepane (75) this
peak was c¢bserved at 2.83 ppm. For 1,2-dithiolane {23), the cérre-
sponding peak was at 2:95 ppm; :polymers of (23) also showed a resonance
at ca. 2.95 ppm.  The extra deshielding seen for 1,2-dithiolane (23)
appears to be a result of the proximity of other sulfur atoms and not
due to decreasing ring size. Polymers of'1,2-dithiepane (75) showed a
resonance at 2.73 ppm; so for this one compound at least 14-NMR appears
useful in discriminating between monomer and dimer (polymer). For all
" of fhe cyclic disulfides. in this study, the other methylene resonances,

those not adjacent to sulfur, were seen at 1.30-1.90 ppm.; integrations

~

td

were éorreft throughout.

e
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0 2.2.5.5 Raman Study . . .

The usual ~ Raman ' §-S  symmetrical stretch s ~at about™ .

P .
-

'510 em-1,134,135 gt may épbear that this could be useful in contrast-

ing between monomers and d%mers, since there is an approximgie linear
) ‘re]ationsh1p betwéen the frequency of the S-S stretch and 'the CS-SC
dihedral angle.136  The explanation for this being that as the CS-SC
dihedral angle decreases from the expected 90° there 1s more pm - pr
interference. This serves to destabilize or weaken the sulfur-sulfur
bonc;.I?’G’137 Thus, disulfides with dihedral angles smaller than usual
should therefore show 1owgr frequency S-S stretches. Bastian and
Martin138, as well as Van Wart and Sheraga137 have shown that substi-
tuted 1,2-dithiolanes have S-S stretches below 500 cm-1, Unfortuna-

tely, this effect seems to only become prominent or noticeable for

compounds with a CS-SC dihedral angle below 60°.137 The dihedral éngles

:‘ Table 13. S-S and C-S(Neat) Raman Stretch for Cyclic Disulfides.
Disulfide f 5-S em-1 c-S em=l
1,2-Dithiane (74) 509 © 659

J\ 1,2-Dithiepane (75) 515 638 ,
1,2-Dithiacyclooctane (76) 509 635
1,2-Dithiacycliononane (77) 506 633

N 1,2-Dithiacyclodecane (78) 506 635
1,2-Dithiacycloundecane ~ (79) 506 . 635 ‘
1,2-Dithiacyclododecane = (80) 509 ., 638
0 " * performed on neat sample of dimer. .
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( ~ for a variety 01: substituted 1,2-dithianes are ca. 60°.41,139 Conse-

" quently, Raman spectroscopy proves to be of little use for contrasting
b;tween monomers ’and dimers for 1,2~di'th1'ane (74) ou‘* larger ring di_sul: ‘
fides. Experimental results for some of the compounds prepared in this

NS ~study are provided in Table 13. .

2.2.5.6 Ultraviolet “Spectroscopy Study

The usual first ultraviolet absorption for disulfides is at ca. 250
nm.140,141 yith decreasing ring size, this transition shows a batho-

;
chromic shift. For example, seven-membered ring disulfides show an

a a

absorption at ca. 260 nm. 1,2-Dithianes have a first transition at ca.
285 nm.  Five-membered ring disulfides show this peak at ca. 330 nm.141
~ Calvin and co-workers49,142, whb reported that 1,2-dithiolanes absorbed
at 330 nm, were the first to point out the relationship between the
. first absorption band and ring size. They appi‘ied ring strain arguments
to account for this. A more likely cause for this red shift is
explained by the 'Bergson' model in which the energy- of the highest

-

_occupied molecular orbital is dependent on the CS-SC dihedral angle,140
His calculations were carried out to include dihedral angles between 0
and 90°, Recently these calculations have been extended to include the

| dihedral angles between‘90 and-180°.37,143  The energy diagram is given
in Figure 4, The two highest occupied molecular ﬂorbitals (HOMOI and
HOMOZ.) are made up of f\our lone pair e],ec;\rons from the sulfur atoms;
they are describﬁd as a nonbonding comb'nat%\ons of 3pr atomic orbitals,

These orbitals vary with the CS‘-§Ej1 edral angle as indicated above,

c The Tlowest unoccupied MO (LUMO) is characterihy.ed as a o M0.3 - The
' - Y
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tirst transition then is a n~eo” band,37,141,143 It is because of
this transition to an antibonding orbital that S-$ it';‘ond cleavage occurs
when disul fiides are exposed to UV tht.l‘m An analysis of Figure 437
clearly shows that a red shift is expected as the disulfide dihedral

angle deviates from 90

Figure 4, Correlation of Molecular Orbitals for the 2

' Disul fide Linkage with Dihedral Angle
S - IQ‘P
' LUMO
Relative
Energy ,
\t\
HOMO,
HOMO>

0° 30° 60° 90° 120° 150° 180°

D\1Th"edral Angle

Although isolated as a ;;olymer, in solution, prior to fsolation

_ attempts, the first band for 1,2-dithiolane (23) was 331 .nm.  For 1,2-

“dithiane (74) this absorption occurred at 290 nm. The seven-membered

1,2-dithiepane (75) 'showed a peak at 262 nm.  These compounds wev;é\
, ,

shown to be monomers, If these three were dimers then it is reasonable

{

to assume that the size of these dimeric rings would allow the disul-

4




- fide(s) to approach the more favorable 90° dihédra] angle, hence the
first ultraviolet absorption would have been expected to be about 250
nm. For the larger'cyclic disul fides, eight-membered rings 'or greater,
UV experiments cannot ascertain whether they were isolated as monomers,
dimers or even higher polymers. These larger rings may have been
isolated as mogomers but theif CS-SC dihedral angles approach or a}e at

° ’ K3 »
90 , similar to polymeric forms.

&

2.2.5.7 Mass Spectral Study

Mass spectroscopic information was obtained for q]] the cyclic
disulfides in this study except for 1,2-dithiolane (23). The cyclic
. disulfides showed highly abundant parent ions. The cyclic disuifides of

six- to ten-mémbered ring sizes sho@ed parent ions for the monomeric
species without any peaks of higher mass to charge ratio. This was
‘taken as evidence, although incdnclusive,l that there were no dimers or
higher polymers, It must be realized that lack of evidence for dimers
in the MS does not preclude their presence. Dimers or higher polymers
may have fragmented into monomeric moieties in the spectrometer. )It
should be noted however, that when compounds (76), (77) and (78), the
eight-, nine- and ten-membered rings, were left standing to polymerize,
the subsequent mass spectra showed parent ion peaks for both dimeric and
monomeric species. 1,2-Dithiacycloundecane (79) and 1,2-dithiacyclo-
dodecane (80) which were isolated as dimers showed peaks at m/z 380 and
408 respectively; these being the ﬁarent ions for the dimer. While it
is unlikely, peaks attributgd to monomeric parent ions may well corre-

spond to doubly charged dimeric parent ions.
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In general, mass spectra\of these coﬁpounds showed prominent loss
of nguffa] sulfur, (M¥* - S).  Other fragments that were observed 1nclude
the loss of a SH radical and the los§ of CHpSH*. Losses of CpHgSe,
C3H7S- and C4H9§ - occur for the larger nine- and ten-membered rings.
The rest of the spectra are mostly composed of hydrocarbon fragments and

a peak at m/z= 45 (CHS+).

2.2.5.8 Gas Chromatographic Study and Sumniary

Thus far we have seen that the struétural ewjdence suggests mono-
meric forms for the smaller disulfides but very 1little information is
avéilab]e for the larger ones. 1,2-Dithiolane is synthesized as the
ﬁBnomer but polymerizes on isolation. 1,2-Dithiane (74) and 1,2-dithie-
pane (75) are both monomeric. Mass spectqé] evidence and comparison of
refractive indices to published values suggest that the medium sized
rings, 8, 9 and 10, are also monomeric. However, further proof is
required.

Gas chromatégraphic data suggests that all of the disulfides were
prepared as-monomers, including the 11 and 12-membered rings. After
oxidation, the crude mixtures (disulfide and t{n derivative in éC14)
were injected into a 10 m capillary bonded column containing 3% Silicone
0v-101. The temperature program was 80-225°C at a rate of 200/ min,

the carrier gas pressure was 0.7 kg/cmz. The retention times, shown

below in Table 14, compare well with retention times of straight chain

alkyl disulfides containing the same number of carbon atoms. Further-
more, these retention times when b1otted against ring si1ze show a well

aligned linear relationship (Figure 5). Since we have established that
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1,2-dithiolane (23), 1,2-dithiane (74) and 1,2-dithiepane (75) are mono-
meric it follows from Figure 5, page 73, that the larger’cyclic disul -
fides were also prepared as monomeric species.

Table 14. Gas Chromatographic Retention Times of Cyclic Disulfides in

Minutes; 10 m 0V-101 Capi11ary‘édiumn; 80-225°C-at 20°/min.

Disulfide . # of carbon atoms retention time
« bimethy] disulfide 2 0.52‘] ”
- 1,2-Dithiolane (23) - _ 3 - 1.04
Diethyl disulfide i 4 0.89 -
1,2-Dithiane (74) 4 1.33
1,2-Dithiepane (75) 5 2.01
di-n-Propyl disulfide 6 1.7
1,2-Dithiacyclooctane (76) - 6 é.@?
1,2-Dithiacyclononane (77) 7 " 3.62
di-n-Butyl disulfide 8 3.00
1,2-Dithiacyclodecane (785H 8 3;98«
1,2-Dithvacycloundecane (79) 9 4.60 |
di-n-Pentyl disulfide 10 4.33
1,2-Dithiacyclododecane (80) 10 , 5.35
di-n-Hexyl disulfide 12, 5.72
di-n-Heptyl disulfide 14 . 7.01 s .
Dimer of (79) Q 18 10.39 o
Dimer of (80) 20 11.63
di-n-Decyl disulfide 20 ) 1074

¢
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-
?3]5 . The retentiqn times of the isolatéd' cyclic rdisu\fides, after y
L column cﬁromatogﬁaphy, are similar to tho§/ found for crude GC analyses:
= ‘excebt‘ for 1,2-dithiolane (23) which pé?:merized,\\s,z-dithiacycloun-
decane (79) which dimerized and 1,2-dithiacyclododgcangg?80) which élso
dimerized. The GC retention times for the dimers of (79) and (80) are
10.39 and 11.63 min respectively; these species have been acknowledged

to be dimeric using osmometric molecular weight determination.

Figure 5. Plot.of Cyclic Disulfide (~e~) and Straight Chain Symmetrical

Disulfide (-©-) GC Retention Times as a Function of Ring Size.

9
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2.2.6 Mechanism for a "Tin Effect” o . :

The use of organotin compounds ctearly enhances the isolated yields
of cyclic disulfides; fhere apﬁears to be some kind of effect imparted
by tin. It is " of interest to postuiafe a mechanism by ,which‘ tin
provides such good yields of monomeric cyclic disulfides, without the
necessity of employing Bigh dilution or titrimetric technidues.3_ This

, behavior suggests a ‘'template effect' of sort; as,mehtfoned in the
introduétion " to this thesis there have been a number of recent reports
on tin-directed ¢cyclization reactions.loo’104;106;}08

Table 7 on page 57 reported the relative yields of cyclic disul-
fides that were achieved by using thiotin species versus simple oxida-
tion of dithiols. The use of tin prévided higher yields oi,monomers;
the effect was most promirent for the méaium ring disul fides. Further,
kF{gure 3 on-page 30 shows that for medium size rings theré 1s a dip 1in
the e&tha]py curve resulting from strain; * this discourages monomer
formation. One way in  which tin ma} provide a template effect is
through an auto-association mechanism as portrayed below, (112). In
this structure (ilé) the two sulfurs are brought close together by a
donation of the lone pair(s) of electrons on sulfur to the £ip atom
which is known to expand its valency.106,144 promine or jodine oxida-

tion may then act on this associated system. The p-a,w-alkyldithiohexa-

3
w
c

i

N -S ~ -
(CH)),

" Bu,Sn-S

(112)
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‘ x n-butylditin(IV) compounds (10G9) can approach cyclization without
strong strain energy constraints. The dip in the enthalpy curve 15
raised somewhat, sufficient to improve the yields of monomers formed.

Provided that entropy effects encourage monomer formation then good

v

'yié\ds of these monomers may be observed.

s

_ The good yields of cyclic disuifidesvggrmed from the oxidaf%on of
. '» ‘ : 2,2-di-g¢butyl-1;3,2-d1thiastannacyc1oa1kanes (110) may bel similarly
° ll explained. In this instance tin may imﬁartaits effect during the forqu_
tion of»the dithiastanna ;pecies (the cyclization step) and nnt during
oxid§tion.’ The associated system may well resemble structure (113). N

- 1

-

- 4
7

OH :
L Bu,Sn‘S\ -i.'zo S\
. P H), — > -Bu,Sn (cH,)n
o . AN s
HS ‘ s
(113) ‘ (110),

- Cl

Whereas X-ray and 1195 NMR studies show that tin alkoxides auto-

- associatel44,145 it has been shown that some thiotin(IV) compounds do

not.122  The argument given to explain the lack of auto-association for

these thiotin species is based on the lower electronegativity of sulfur

and hence the lower Lewis acidity of tin. This lack of auto-association

found for some thiotins disagrees with the proposed mechanisms of the

‘template effect' given above. Recently, Zuckerman and co-workers146

have shown that tin-sulfur species do auto-associate; they have found

%E’ bis{tolyl-3,4-dithio)tin(IV) (114) exists as depicted below. While the

auto-association of thiotins may be so' small as to usually not be




j'E; r

noticeable by tin NMR, a weak association may be adequate for the pur-

poses of a 'template effect'.

£
~S.§,/5
" /sgn\
SIS
S g/S\
/S=n\ it
- b, Y /[ § = §
/’“/’ , ) ' . .
3 (114) . : AV

b | ' -

o

_The presence of tin may also serve to mask the thiol moiety thus

preventing rapid thio]-disu]ffﬁéTﬂxchange which would lead to polymeri- -

¥

zation. Whereas monosutfides do not exchange with thiols in even
extreme conditions, with di'suifides "...the exchange is measurably fast

and free'of side reactions.”l#7 Rates of 1interchange between 1.3 x 104

~and .9.0 x 105 M-ls-1 have been observed.148 The reaction of cyclic

disulfides and thiols has also been noted.35,147

Many of the monomeric cyclic disulfides polymerize quickly; some of
fhe monomeric material formed during a very slow oxidative process may
begin to polymerize before the full .addition of the oxidant is complete.
Hence, a fast reaction could afford a higher isolable yield of a éiven
monomer., The bromine or iodine oxidations of thiotin(IV) species are
very fast, so fast that attempts at measuring the rates was unsuc-
cessful; kinetic experiments will be described in more detail later
(Section 2.3.2). Since this oxidation islso qﬁ%ck there is a Jlower
probability for the monomers to polymerize before 1solation procedures

are carried out, thus better potential yields of the mnoimers .

n




Scheme 15. : . o /

Ve . 4

To summarize, the gpod yields of monomeric cycljc-disdlfides may

!

_result from a contribution of{aﬁto-assoéiation.‘the masking of the thiol

moiety and the rapidity of the oxidation step. "AIl of these result from

the tin-sulfur reagent; hence, a 'tin effect'.

N ]

2.3 Oxidatiop Mechanism

~

{

-

2.3.1 Poss;ible Mechanisms and Literat&re~Pretedent -

3 N

~

There are:three likely mechaniSins by which the bimolecular cleavage

-of a tin-sulfur bond by halogen may occur. These mechanisms are accept-

" able for the generalized cleavage of a group IVb group VIb bond.149

The first mechanism entails pucleophilic attack on iodine by the

" sulfur atom, thus generating the charged sulfonfum iodide ion (119%).

Iodide would then attack tin and displace sulfenyl iodide as shown. In

a similar mode, a second molecule of thiotin (96) could then attack the

.

sulfenyl iodide affording another sulfonium ion (116) which then

" proceeds® to the disulfide ﬁﬁ). The -development of a positive center

J
A

1)  RySn-SR* + I ~—— [R3Sn-S*R' I-[ — RySn-1 + I-SR'

[ ' {
v
. .

- (96) (115)
2) RySn-SR' + I-SR' ——3» R3Sn-?*k' I-| — Rysn-1 + R'S-SR*
) SR

(96) (116) o (6)
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' -7 . Vo, ¢ 2
suggests that a Hammett plot would reveal a rather large negative sub-

stituent effect (-p). Areaction proceedi}:g by this mechanism would

~t

‘also show a strong solvent dependence. The ra‘tes in polar solvents
would be eéxpected to be considerably faster than ip nonpolar solvents.
A reaction which appears to proceed in ,tfiis <fashion 1is tr;e'
synthesis of unsymmetrical sulfides (117) from trimethyl al ky]th‘izo:‘-‘,
“tin(1V) compounds (118) and ;]kylihalides (119).(Scpeﬁé“i5)ﬁ50’15%:
Studies on trifnethyl methylthiotin{lV) showed rate acceleration in polar ;

solvents (kppcn/ KBenzene = £2- 100) and -« significant negative p value

’

Of '104.

Scheme 16. - | E .
Me3sn-SR* + R™I —— ne35n-?+nr T°| —= Me3gSnl + - R'-S-R"

Rl
(118; ' (119) \ ‘ (117)

[

.
When (+)-2-bromo-n-octane was used there was an inversion of

configuration at the carbon of the aﬁ(_y'l halide; this is expected to

occur for the proposed mechanism. Other mechanisms which we will examine|

would show either retention or partial racemization.

The second possible mechanism is five-coordination of tin to

3

iodine (120) (Scheme 17). : .
The sulfenyl iodide which is generated may thgfﬁaggft\»Xith a second
{
molecule of the thiotin(IV) compound, perhaps via a simﬂ;r"“x%echanism to

generate the disulfide. This provides some negative charge on tin,
hence a positive value is expected from a linear free energy plot.152
R {

AY ~ 4
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2 -, Scheme 17. . . , . ,
. e ‘ N » v
- v " \ -
2 v . - ) . \ o b o .,
N - pamne v # . “
3

R3Sn_SR ] '+ lz ;U——‘—P Rss“B"SR' ———.——-'; Rg&‘-l ‘fn - x"sR.
Vo . . e’ ) , -
S =t . 1 6* |
) 4 . o - . l ', %
(120), ‘

4

te

Thg reaction of trimethyl methy]thiosi‘l;.‘f"éen(lv) (121) w%th a-bromo-

"'acetopherione (12‘2,), . appears to proceed through such a five-coordinated ©-

n

silicon .species (123) (Scheme 18).153 a5 of + 22 has been observed.

-

h fér this reaction.

Scheme 18.
. ' P slow
Me3Si-SPh  + PhCOCH,Br ——— He3S|i -SPh —
£t i + -
o Br‘s-CHZCOPh
. LI . )
(121) . - (122) - ' (123) ‘
AF « :‘f!' ‘ i
ST , o fast ©
e Me3Si PhS~ —— Me3SiBr +  PhS-CHpCOPh

_Br*-CH,COPh

Ed

- *, The third possibility is a -four-centered non-ionic mechanism.
‘ . “ . bl E
Iodine approaches the thiotin species giving a four-centered transition
£ . s

" state (124) which in turn leads to a sulfenyl iodide and +tin iodide.

.

The next step’'may then involve a second four-centered transition state

: (125) between sulfenyl 1odide and a second molecule of the thiotin

O species (Scheme 191.
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Scheme 19.

1) R3sn-SR* + Iz —[R3Sn-----SR'| — - R3Sn-1 + I-SR’
- It 1 . \\
\/N
(124)
2)  R3Sn-SR' + [-SR'~—-|R3Sn-----SR'| ——R3Sn-1 +  R'S-RS'

1 4

A four-centered

concerted mechanism is riot expected to be

highly

influenced by solvent effects nor would there be a large value for p.152

The transition state may be polarized such that there 1s a partial

positive charge on sul fur; thus, there is potential for a small negative

p value.l54

[ -

" The formation of sulfonates (126) from-the combination of aryloxy-

trimethyltin(IV) (127) and

usiIng

N

¥

methanesul fonyl chloride (5) 1s explained

such a mechanism (Scheme 20).154 There is small rate enHancement

observed with polar solvents, the p value is - 1.03.

Scheme 20.

Me3sn-0CgHaX + Me§0,C1 —»-

v
©
[Me3sn-----0CgHa X | —-Me3SnCl + MeSO,-0CgH,X
5 4
C1--— SMe ?
7\ %
- 0 0 2

-80-
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(- Harpp and co-workers poﬁétulated a four-centered mechanism for the.
’ reaction of alkyloxytrimethylsilane (128) and sulfinyl thlorides (129)
W . .

which provides sulfinate ester (130) (Scheme 21).15%5 A ninefold rate

Scheme 21. '
- ’ o » 0
[ _ Il

Me3Si-OR  +  R'S-Cl ——— [Me3Si-----OR] ——»= R'S-0R + Me3SiCl

(128) © (129) l (130)

3

increase obseryed in going from CgDy, to CHpClp promoted the proposal of

a nonionic mechanism, As a comparison of solvent effects, the chelo-

tropic decomposition of (131) has been studied over a wide range of
.- - solvent polarities; from isooctane to 96% ethanol there 1s only a 15-
fold rate change.156 fhus avninefold change for the production of *

ester (130) 1s consistent with minimal charge production 1n its transi-

%
tion state.
//N — + N
(131) . o
% ' b
Similar  four-centered transition state mechanisms have  been '
N ;
0 proposed for the reaction of thionyl chloride (132) with bis{trialkyl-
v . .
: tin) oxides (133) or dialkyltin oxides to yield S0, and organotin
( chlorides 148 (157) (Scheme 22), and for the formation of unsymmetrical
Q ‘
v )
@
N Qﬁ
@ v’
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disul fides (135) from aryl sulfenyl chlorides (136) and trialkyl -alkyl-
*

-$hiotin(IV) compounds (137) (Scheme 23).158

Scheme 22.
. R3sn-0-snR3  +  5(0)C1p —»= [Rysn-----0-SnR3] —am
: £1----- $-C1
+ (133) (132) I
. 0 _]
- -
RySn-C1  + 0-----SnR3| .
P — R3Sa-Cl°  + SO,
. 250 -
(134) - ~ #
oy

Scheme 23. .

-

R3sn-SAr  +  Ar'S-Cl ——» [RySn+----SAr | — R3Sn-C1  + ArS-SAr'

B e iap
(137) (136) \ . (139%)

The reaction of tetraalkyltin(IV) compounds with Bromine or iodhne

,is believed to go through a four-centered transition state in nonpolar

solvents and a stepwise mechanism 1n polar solvents.199-161  These
mechanisms are based on kinetic measurements and particularly stereo-
chemical aspects of the reaction. Recently, Dewar and Kuhn162 hqve‘
calculated that brominolysis of tetramethyltin(IV) (138) may proceed by
a single transition state (139) 1n all solvents. The transition state

(139) leads to a hypervalent intermediate (14Q) which  could. decompose,

y” '
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( via (141) to the observed products, this would occur with retention of
configuration at carbon and does qot necessitate ay,four-centered mecha-

" nism (Scheme 24). In polar so]veri”é*s the bromine bromine bond of inter-

Scheme 24. .
, Megsn. " | . . MegSni_
MegSn + Brp —» Br—Br| ———p Br—Br
* 4 ‘ Hye”” .
H3C L
(138) . | ' -
‘ , 1(139) ‘ (140)- - -
L N nonpolar polar
E | Me3Sn—58r g .
. Me3SABr + ' MeBt <—— \ / [Me3SnBrcH3 It + Br-
. L . ’ H3c /Br ’ B )
- . - i ‘ #
B - , . ' (141)ﬁ . -

; o .. MegSmBr + MeBr

o
*

1

9

.mediate (140) could cleave ‘and then. attack.of Br™ at carbon to generate

the preducts with' inversion of configuration at carbon.

-

E1Y

A
-
,
]

I

— for. tetraalkyltins, the status of the four-centered mechanism is

not clear. Whether this ambiguity applies for thiotin species is

. ; inevident.  For the oxjdation of thiotins with halogen a four-;:gntered
“t - CO‘ncerted pr perhaps s,ynchr‘cmous163 mechanism is possible.

) v As was discussed, the formatmn of dwsulﬁdes from organotm -sul fur
derivatives and bromme or iqdine is a two step process. The f1 rst step

..J

( o i is cTeavage of one tin-sul fur bond to g1ve a su]fenyl halide and a tin

£
LW
M



*

halide, followed by reaction of the sulfenyl halide” with a second

@
molecule of the thiotin reagent to yield the disulfide and a second tin

4
¢

halide.

v

In summary, the three proposed mechanisms are: sulfonium ion, five-

-

coordinate tin and four-centered transition state. There is no reason
to believe that both steps in the synthesis of disulfides experience the"
same mechanism., TQg first step &ay proceed thrpugh a 5u1fqﬁjum iong
‘'while the second may occur via a fou;-centered tfqnsition state,

Kinetic measurements would give evidence for the mechanism of the rate

[2 b Q

determining step only. .

There is a fourth likely mechanism which we have as yet discﬂgsed;

¢

this beiné a s1x elegtron concerted or perhaps synchrofious mechanism..
The disulfide would form in a single step by this process. Kinetits
would show little effect of so]vént ﬁorarify on reaction rate and a
linear free energy plot should show a small value for p. For simple

disulfides, the mechanism requires a termolecular cofligion. This is

L o

far less likely than a bimolecular collision, but autqQ-associdtion may

@

alleviate the energetic constraints of the three collision mechanism.

Further, for u-o,w-alkyldithiohexa-n-butyltin(IV) species and 2,2-di-n- "
'bdtj?-1,3,2-dithiastannacycloalkanes the _required colli%ion is only

bimolecular (Scheme 25)., e ) ‘ ’D 2

Scheme 25. I B
A /'\Sn
,,s7\ (
()
R eny), \
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Lastly, a free radical process should be considered as a potential
mechanism for halogen oxidation'ﬁf thiotin species. While, the chemis-
try of organotip hydrides is known\to proceed via free radicals164, the
literature indicates that such behév1or for organotin-sul fur derivatives
is less likely.149'151»154 Nevertheless, this type of mechanism should
be kept in mind. -

' ]

2.3.2 Attempted Kinetic Measurements - i : | .

X

A kinetic study was undertaken to elucidate the mechanism of halo-
gen oxidation of tin-sulfur reagents. The uptake of fodine was moni-\
tored by W (I, A,y = 520, in CHaCl2) using a stopped-flow apparaéus.
The “fodine was added to tri-n-butyl phenylthiotin(IV) (96g); under
pseudo first order conditions which’ were maintained by having ca. a
tenfold excess of thiotin compouﬁd. Unfortunate]y the ;eaction pro-

ceeded more rapidly than could be measured; the time interval between

scans by the stopped-flow apparatus was set at 0.005 s. The optical

density resolution of the instrument 1s ca. 0.001.

An increase in steric bulk should slow the reaction down suffi-

ciently to be observable by stopped-flow,  Thus, tricyclohexyl t-butyl-

-85+

]

i

thiotin(IV) (142) was prepared from fricjcldhexyltin chloride and t- -

butanethiol, . Furthermore, -isooctane, a less polar solvent, was used:’

for these and subsequent’ kinetic studies.,

N (’ < t e
L4 M n .
,
- . - SnS
AL = ' —_
.
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The oxidation of the thiotin reagent w{th ca. one-seventh eq{uiva-ﬂ
lent of iodine occurred too rapidly to be measured. The, toncentration
of the iodine was 1.57 x 1074 M:; the thiotin(lvv) reagent was 1.15 x 1073
M. Since pseudo first order conditions were applied, the max imum first
order rate constant (k) is 158.6 s=1

k = 1n2 = .693 . = 138.6 s*] " ;
t* ' 0,005 s

The greatest observable second order rate constant (k') is given

'

below. . . ..
; k' = 138.5 s-1 = 2.42 x 10% m1-1

0.00115 M x ‘ o8 ¢

£ [
3 . Yo

~

The max1mum observable rate constant is ca. 2.4 x 105 m-1g-1 (the
molamty of the tm reagent is mu1t1pHed by 1/2 since it is d1luted to
“,;h1s extent in the stopped-flow apparatus). ~The rate constant _for the
féaction jnust then be greater than this value; the oxidation of thiotins Q
with iodine is very fast i1ndeed! .

. ! ’A&" ’
It is possible that the’;pa]ogen is forming a charge transfer
" comp]ejx with the sulfur of the thiotin, similar to the charge transfer | @
complex that is formed between sul fides and 1odine, Studies on sul -
fides and iodine have shown considerabl e hypsochromic shifts of the
iodine absorp»t:*ion.lﬁs"167 For instance, the visible band for 10dine in
ﬁ-heptané occurs at 525 nm, with the presence of 40 molar equivalents of
diethyl sulfide this band shifts to 435 nm155, intense charge traﬁsfer

peaks show up at about 300-310 hm. Some of this information ris Sum-—.

marized ‘i'n Table 15.

\ oo . : ] C
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f,‘tharge transfer cpmplexes can also be formed between%disu]fides and
1ohine; howevér, they are much weaker than those formed 6y sulfides, 166
This 1is a consequence of the relative base strengths of the donors.
Neverthele;s, as disulfide is being formed it too may complex with
iodine. Thus it is possible that kinetic studies show interference

caused by complexations of the 1odine in the presence of a variety of

* + electron donors.

Table 15. Absorption Maxima of Various Sulfur Containing Donors
: wigh lodine in Carbon Tetrachloride, 166

- ~ R

_ Donor - ‘ ‘ Aly, nm A Charge Transfer, nm

& » ¢ X . . "

Diethyl Sulfide ° -430, , 305,
. : © 435 302 o

Diallyl Sulfide o 435 » 306 .
Dibenzyl Sulfide - 440" 307

' ) “‘ - Yoy
Diethyl Disulfide ° 5 450_ . 302,

J 460 L7 304

* In ﬂ-hepténe, reference 165.

It - follows then that kinetic studieglshould be performed by moni-
toring product formatioﬁ rather than substrate consumptioh. Disulfides
absor§*at_gg. 250 nm; there(is.considerable interference between this
band and those from thiotins and tin halide; however, 1:2—d1th101ane
absorbs at 330 nm and is u;eful for product studies. There may be
concern for charée transfer problems; however,— by adding a tenfold

(pseudo first order conditions) excess of organotin-sul fur reagent it is

clear that once the reaction is complete there would be no residual

N . -
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§
h&{pgen; the halide 1is reduced and covalently bonded to tin as tri-

alkyltin héﬁide.
Using a diode array spectrophotometer, the band at 330 nm from 1,2-
dithiolane was observed directly on addition of iodine, but so rapidly

that no rate constant could be determined. This kinetic measurement was

R repeated at -20°C, but the low temperature did not slow the “reaction

down sufficiently to be observab]g. The 1nitial scan can be 'achievyed
only after ca. 1 s but the resolution is far better than that which can
be observed using the stopped-flow apparatus; the experiment was carried
ogf so that a change in absorbance of only ca. 0.004 would occur. This
high resolution allows for the use or far more dilute solutions, hence
faster relative observable rates. The final cchentration of iodine
was 3.33 x 106 M while the final concentration of u-1,3-propyldithio-
?’hexaig-butdeitin(Iv) was about seven tiﬁes that at 2.42 x 10-5 M. |
A consideration of the efficacy of the instrument again affords -a

i

maximum measurable value.

k=.693 = .693 sl , ' = 693 = 2.86 x 104
1s 0.0000242

T ﬁaximum'observable second order rate constant for th{s reaction
is gg,\§>§9 x 104 M-1g-1 at -20°C. To attain this value, the instrument
was pushed to‘the limit. A more conservative and perhaps more accurate
max%mum rate constant 1s ca. 1.5 x 104 M-1s-1 at -éO?C. _

Agajn -it must be concluded that the reaction of iodine with

thiotins is very fast; far faster than can be easily measured.

The lower molecular absorptivity for bromine ( _e = 200)168~ as

oppbsed to iodine (€= 950)168 means that only slower rates {ca. 5-fold

k=

-

v
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‘added to di-n-butyl di-p-butylthiotin(IV) (100a) in an att

“ less) would be observable if Brp was used as the oxidant. Furthermore,

the 'energetics of the reaction suggest that bromine oxidation should
proceed faster (see page 39). For these two reasons the kinetics of Brp
oxidation of thiotins was not examined.

The kinetic studies on the oxidation of tricyclohexyl t-butylthio-
tin(IV) and p-1,3-propyldithiohexa-p-butylditin(IV) were rep;éted with
the addition of a free radical trap (BHT). /wfhe procedures were
identical except that 2 equivalents of 2,6-di:£;butyl—4-methylpheno]
(BHT) were added to the isooctane solution of thiotin reagent. Once

again oxidation was too rapid to be measured. This result disfavors a

free radical mechanism.

2.3.3 Mixed Reaction Studies and Stereochemical Lonsiderations.

v

various amounts of IBr or a 1:1 mixture of bromine aé ‘iodine were

Empt to Jdic.-—
tinguish between a six electron concerted mechanism and a stepwise
mechanism (ionic, five-coordinate at tiﬁ or four-centered}ﬁ' A six
electron concerted-mechanism‘requires that when one equivalent of bro-
mine/iodine (1:1) mixture 1s added only tin dibromide (143) and tin
diodide (144) should be observed. Furthemnoré, when 1 eQUivalenf of IBr
is added, a six electr9n concerted mechanism predicts tﬁat only di-n-
buty1bromoiodotﬁn(lv) (145) would be produced.  Alternatively, in a
étepwise mechanism, tin‘dibromide, bromoiodotin and tin diiodide should

be seen in a ratio of 1:2:1 (fully random) when either one equivalent of

Bro/I, (1:1) mixture or of IBF is added to the dithiotin species.

The products were identified By 119Sn-NMR; 1195n . NMR intggrationé .

were used to determine the relative molar ratios of the products pro-

-89-



duced. ' The addition of either one equivalent of bromine or 1o;iine to
di-n-butyl di-n-butylthiotin(IV), gave the following 119sn-NMR reso-
nances, relative to tetramethy]tin:I 88.4 ppm, 'di-_r_t_—butyltin dibromide
(l§3); -54.6 ppm, di-n-butyltin diiodide (144). To determine the
resonance for the bromoiodotin compound, one equivalent of IBr was added
to the dithiotin reagent; 1195n-NMR: 88.7 ppm (143); 22.1 ppm; -57.7 ppn
(144). The second peak (22 ppm) results from di-n-butylbromoiodotin(IV)
).

. 3 :
3'8"25081‘2 _l:‘l_-Bl.lenIz n-BuSniBr

(143) (1a4) (145)

9

o

Table 16. 119sn-NMR Data for the Reaction of di-n-Butyl

Dialkylthiotin(IV) with Bro/Ip or IBr.

Oxidant . Total Amount of Oxidant

y

-90-

1 mole 13 moles XS of 2 moles
88.5 ppm (27%) 88.4 ppm (50%) 86.4 ppm (100%)
15/Bry 22.4 ppm (45%) 21.7 ppm (44%) “
~56.7 ppm (28%) -59.1 ppm (6%)
89.6 ppm (25%) 88.0 ppm (43%) &  88.9 ppm (100%) -
IBr . 21.5 ppm (50%) 2242 ppm (46%) '
-58.4 ppm (25%) -55.7 ppm (11%)

4




(- ' When a total of one mole 8: oxidanf was added, that 1is, one-half
an equivalent ofqiodine and one-half an equivalent of bromine or one
equivalent of IBr, all three possible organotin halide derivatives weré
found inca. 1 : 2:1, (143):(145):(144). This mixing suggests that
the reaction proceeds in a stepwise fashion. An experiment to coﬁfirm

- this result, that is to see if this mixing may not have resulted from
randomization of the tin halides once they ﬁad formed, was performed.
The diBromidg (143) and?t?e diiodide (144) were each indiQidua]]y pre-
pared by aqéing the corresponding halogen to di-n-butyl dialkylthio-
tin(IV); thg} were then added to a single NMR tube and a tin4 spectrum
was acquired. The acquisition took 90 min as did those summarized

\\\ above; the results are as follows: 88.8 ppm (26%), 23.4 ppm (5%%) and
b/} -57.0 ppm (23%). Thus, the disulfide synthesis mechanism may well have

BupSnBr, +  BupSnl, —» (143) + BupSnlBr  + (144)

(143) (144) . - (145)

been six electron concerted; halide randomization does not permit a

discernment between this and a stepwise mechanism. Complete randomi-
- ]

Berghe, Van der Kelen and Eeckhaut.169
Table 16 above, shows that as further oxidant is added, either the
bromine iodine mixture or IBr, the dibromide (143) predominates over the

diiodide. Once an excess of two equivalents of oxidant is added enly

S/,\ f\\the dibromide is noticeable, -the iodine stays in solution. This result
\ .
\ ) N ' \

{ < N

zation between dialkyltin dihalides has also beern observed by Van den

-9]-



% : . 1is .predi(cted by bond energy conisiderations:. Al s}i, . Fukuto and Jensen

s ’ - hav;_observéd that tfle reaction of tetraalkyltins with iBr affords %lkyl
” iodide and trialkyltin bromide exclusively,160 - “ :'<'

\t The investigation of sterec#hem1cal effects of the reactlon could

* | ﬁave been of assistance in e1uc1dating the reaction mechan1smg ‘With a

chiral tin reagent it would have been possible to see if the oxidation

o s of the thiotin proceeds with retention, .inversion or racemization at

tin. Unfortunately, as we havé just seen, organotin halides undergo
facile-halogen-halogen éxchangel69§' the tiﬁ derivative of the reaction
of thiotin(IV) species and hé]ogens'is of course a tin halide. In addi-
«\tion, Peddle and Red] deterﬁine&fthe sper%ochemical stabil1;y of'orga~
notip . compounds and founé that’“...whi?eyit should be possible, to

resolve aﬁ optically active organotin compound w1th four carbon-tin

bonds...", the same 1s not true for tr1a1ky1t1n ha]ides 170 Hence, a

: stereochem1cal 1nvestigat1on was’ not undertaken,

1

> 2.3.4 Determination of 'Rho (p) by Competition Studies. ' .-
¢ f ’ . , . ,
* , To obtain a value for p for tpe,reactionlof thiotins with halogen,

«the competition of a variety of phenyl §ubstit§ted tri-n-butyl” arylthio-
tin(IV) compounds for iodine was examined. A comparison of retative

yiel&s of the resultant respective disulfides was determined by gas

. chromatography. The phenyl substituents were: p-t-butyl, ¢ = -0.15;

p-methyl, op = -0.14; H, ¢=0.00; p-fluoro, g, = 0.15; p-chloro, oy =
0.24; m-trifluoromethyl, o, =0.46; (for clarity these six tri-n-butyl
arylthiotins will Be referred to as A, B, C, D, E and F).152-'”1 The GC
retent%oﬁ times and response factors for the respective disul fides were

O , first determined as follows: a solution containing equal molar amounts
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of all six organbtin-su]fur reagents was reacted with slightly more than
six equivalents of iodine which was sufficient to fully oxidize all of
the thiotins. Assuming the yields of disulfides prepared in this manner
approachedv100%. then a consideration of the integrator output enabled
the realyzation of the relative GC sensitivities of the corresponding
disul fides.

The competition reactions were carried out by mixing 1 egquivalent
each of A and of B 1n dichloromethane. To this was added 1/2 an equiva-
lent of 10dine and the squt?on was 1mmediately 1njected into the GC.
The process was F%peated for Awith C, A with 0, A with E and for A with
F. Knowing the relative sensitivities of the i1ndividual disulfrdes, the
ratios of disulfides formed B vs. A, C vs. A, E vs. A and F vs. A were
determined. The 1log of the ratios of the disulfides formed was then
plotted agarnst substituent constants (o). A simlar plot was estab-
lished for ratios versus B; A vs, B (calculated above), C vs. B, Dvs. B
and so on, Similarly the ratios of each disulfide formed against C, D,
E and F was realized. A typical plot 1s shown below (Figure 6). The
average p value was -0.45. This negative value dissuades the five-coor-
dinate mechanism; but 1t does not discriminate between the other three,
two possible concerted mechanisms and the itomi¢ mechanism, Neverthe-
less, the 1low number favo;s one of the concerted mechanisms, four~
centered or six electron concerted. e

For comparative purposes, it is of interest to consider the p
value(s) obtained for other reactions. For the dissociation of benzo%c
aéid (negati1ve charge formation) in ethanol p = 1.96, while for the
dissociation of the same acid in water p = 1.00. A p of -4.07 1s found

for the formation of the methylGether ArZCH—OCH3 fr&@ Ar,CH-C1 in MeOH
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For the SN, attack of hydroxide fon on ArCHp-Cl to form ArCHp-OH 1n 48%
ethaﬁof p = -2.18. The latter two reactions proceed through a posi-
tively charged aryl spec1es.172 Concerted or synchronous mechanisms
noﬁma]ly have 3 low absolute value of p,less than onel71, as was found

for the oxidation of arylthiotins above, An extensive listing of

reaction p values 1s available.l72

Figure 6, Linear Free Energy Plot for the I, Oxidation of
N

_ Arylthiotin(IV) Species in CHpClj.
0

1og ’%‘ «.1 4

a

o=e2 -1 0 .1 N's .3 . .5

©

Z,4”Spec;roscopi& Properties of Organof?R-Sulfur Derivatives

-~

W

2.4.1 Tin NMR
There are ten naturally occurring tin isotopes, three of them

(IISSn, }17Sn, 119Sn) are amenable to study by nuclear magnethc'spec-

trogcopy. ‘A1l three have a nuclear spin I = i}, 119 is the most

-~ ~
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0abundant and js slightly more sensitive than ‘the other two nuclides; for

this reason tin NMR 1s most often carried out using this isotope145v173;
o
Table 17, summarizes some physical properties for all three.

Table 17. NMR Parameters for Tin Isotopes.173

D]

Isotope % Natural Nuclear Spin NMR Frequency
Abundance MHz at 2.349 Tesla

115gn 0.35 3 32.86

17, 7.61 3 35.63

11950 .58 : 37.29

w Tetramethyltin, (CH3)4Sn, is the accepted chemical shift reference

1195n-NMR. By IUPAC convention, at  higher

standard for resaonances

fields than tetramethyltin are reported in negative ppm, those of lower

i

field are given positive ppm values.!73 The reader should be aware that

hot all publications adhere to this rule, particularly those that are

less recent.

Chlcrinatea solvents are very good for 1190 NMR studies; polar

solvents such as acetone or dimethylsulfoxide coordinate with tin, this

serves to shield the tin species resulting 1n an upfield resonance,l45

In general, six-coordinate tin species are upfield from five-coordinate

species whiwch are in turn upfield of four-coordinate tin compounds. -
The 119sn-NMR spectra were obtained using dilute samples to prevent

auto-associatioﬁ. Typically, 150-300 mg of tin-sul fur compound was used

the solutions were thus ca. 0.05 to 0.1 M.

in ca. 4 ml of CDClg3,

Tetramethyltin was used as an external standard. Trends can be

observed from the data in Table 18, Tri-n-butyl thiotin(IV) éompounds
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0 Table 18. 1195n Resonances of Thiotins Relative to Tetramethyltin,
n-Bu3Sn-SR
R R )
Benzyl (96a) 70.9 n-Butyl (96b) 69.8
s-Butyl (96c) 66.2 t-Butyl (96d) 51.8
Cyclohexyl (96e) 63.5 n-Decyl (96f) 70.5
Phenyl (969) 74.6 Trityl (96h) 54.7
p-t-Butylphenyl (96i) 82.6 p-Tolyl +(96j) 19.7.
p-Fluorophenyl (96k) 82.3 p-Chlorophenyl (961) 80.7
m-Trifluoromethy!- 85.2° CHpCOOMe ' (165) 84.7
- phenyl (96m) T
CHoCH( COOEE ) - 86.3
NH(BOC) (167)
, n-Bu3Sn-S(CHp) nS-Sn-n-Bu3 ,
n= " n= ~
3 (109a) 77.6 4 (109b) " 17.9
5 (109c) 75.5 6 (109d) 76.6
‘ 1 7 (109e) 76.5 8 (109f) . 16 .6
9 (109g) 75.0 10 (109h) 7.5.6.
‘ﬂ-mzms
. n= ° n=
3 (110a) 149.8 4 (110b) 129.5
5 (110c) L 127,47 6 (IIN) 127.8
_ "7 (110e) 127.5 8 (110f) 127.4
O 9 (110g) 128.0 10 (110h) " 121.8
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./\' 4
Other Thiotins et L . . R
ey * .. [
n-Bu,Sn(S-n-Bu); (1004} '127.0  n-BuySn(SBenzy1) (100b) | 125.6
sn(S-n-Bu)g (103a) ° 130.5  'Sn(SBenzyl)y (103b) 139.2
n-Bu3Sn-5-Sn-n-Buj (106) 82.6 Tricyclohexyl t-butyl- 148.7
thiotip(IV) (142) "
1,4,6,9-Tetrathio-5-stanna- 279.2 .
spiro[4,4]ngnane (146) .7 :

show resonances from ca. 50 to 78 ppm; thiotins with a primary car.bgn'
attached to sulfur resonated at §0476 ppm while the bulkier thiotins are

shielded somewhat; R = s-butyl, 63.5 ppm, R = cyelohexyl, 63‘.5 ppm, R =

Al

trityl, 54.7 ppm and R = t-butyl, 51.8 ppm. - -..

.
"&

Bulky groups directly bonded to tin tend to deshield the metal,

; . i 4
however, the mechanism for this is not understood.174 ‘This is alsb-seen v,

ab"(L)ve, the resonance for tricyclohexyl t-butylthiotin(1V) is 148.7 ppm,

for tri-n-butyl t-butylthiotin(IV) the value is 51.8 ppm

+ o
é AN v
.

e, Yo

Table 19. 1195, NMR of Other Compounds of Interest.

H

Entry o ' Résonance (ppm) .
n+Bu3snCl (97) 155.4 .
n-Bu3Sn0Sn-n-Buz (107) . 1050
) n-Bu 3Sn0Me (168) 104.5 Lo
n-BupSnBrp (143) 88.4 ‘
n-BuySniBr (145) S
n-BupSnl, (144) -54.6



=

".. As expected, dithiotin compounds are deshielded more than the

" monothiotin speéieé. However, tetrathiotin species are only slightly

morel deshielded than the dithio compounds, the electron rembval by,
sulfur is not additive; this observation 1s in accordance with the.

1iferature.l74'175 Kennedy and McFarlanel?? have shown that for phenyl-

thiotins and  t-butylthiotins the tetrathiotin compounds are more

. shielded than the dithiotin species. To account for this it is sug-

gested thet there may be more p -d back donation as the tin atom
becomes more electropos1t1ve.122
Of interest are the resonances for the 2,2-di-n-butyl-1,3,2-dithia-

stannacyloalkanes; for the most part they are between 127 and 128 ppm,

However, for 2,2-di-n-butyl-1,3,2-dithiastannacyloheptane (110b) the

peak s at 129.5 ppm, more significantly for 2,2-di-n-butyl-1,3,2-
dithiastannacyclohexane (110a) the peak is at 149.8 ppm. The smaller
rings put constraints on tin, deforming the S-Sn-S bond angle. This de-
shielding has also been noted in the literature.176.177 since no other

11950 NMR peaks were noted‘for (110a) and (110b), this data suggests

that these two dithiastannacycloalkanes were prepared as_monomeric

species, with no or very little polymer.

Similar deviations are observed for tetraalkyltins when the C-Sn-C

interbond angles are reduced.174'177 1,4,6,9-Tetrathia-5-stanna-
spiéo[ﬂ,d]nonane (146) was prepared from ethanedithiol and stannic
chloride (Scheme 26); it contains two five-membered rings attached to
tin and should show a large deshielding effect. Indeed the resonance

for this compound was 279.2 ppm.

H
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“Scheme 26. o ) . T e

» *3, v . By s\ /s A e
. HSzCHpCHy-SH  + ' SnCly ——m E ./ j .
“, o j ) / \ : "
y s s .
o S (146) |
-
2.4.2 Mass Spectra of Thiotin(1V) Compounds. ‘ ’ )

?
-~ )

It was noted above that tin has ten natd}ally occdrring 1sotobes:
this is the most for any elemen£.145 Thus, tin clusters should be
observed 1in the mass spectrum for any tin containing compound. These
clusters are easily spotted and fEC\litate the {nterpretation of the

ES

spectrum, The expected cluster. for a monotin, compound and the

calculated cluster for a ditin compound is shown.

By
I ., Figure 7. Tin Isotope Clusters
. 1
Monotin cluster , Ditin cluster .
% -1 *
5 S T
/.ﬁ\ \\ ST 3o .
3 P \‘3 n :{ . E
% ; kA -’; N N ," % ' , . )‘sf,

1" "

L]
I s
IIA" !_ '

Usually, the mass spectra of monotin compounds show clusters

o1

similar to the monotin cluster presented above. The spectra of ditin

species contain clusters similar to both shown above. In addition,



o

monotin fragments from ditin compounds are readily identified by the

~shape of the resultant cluster. " In some instances the shape of the

c]usteré was useful in that it discriminated between a Tonotin frag-
ment and the potential for a doubly charged ditin fragment, In reporting
the mass spectral data, on]y‘the'two most abundant peaks from monotin
compounds and the three largest peaks fpr ‘ditan compounds were
inc]uded. It is important to\remember that the relative abundance of a
single peak from a cluster may be less than some other fragmentqu the
spectrum, however, the total of all the constituents of the same clusger

. v
may be greater, The relative abundance of a given tin containing frag-

ment is the sum of all the components of the corresponding cluster,

For the tin derivatives studied, molecular 110ns were rarely

-100-

detected, and then of very low intensity. Except for the tricyclohexyl- .~

tin derivative, a very prominent peak was often observed at m/z = M¥ .

Following this,

57.  This resulted from loss of the n-butyl- group.

there was often the loss of 56 {butene). Other stgnificant clusters
i

include those attributed to n-BupSnSH*, Q;BuHSnS%*,_Q-BuSnH2+, n-Busn®,

HoSnSH*, SnSH* and SnH*.  The most abundant tin containing fragments
were tri-and mono-substituted ions; these are believed to be moré stable
than the di-substituted tin containing 1ons.178  This may occur as a
éesult of loss of neutral species fromJ various fragmentsl79, for 1in-
stance,, the loss of Hy from HySnS* to afford SnS*.

Of particular interest 1s the mass spectrum of },4,6,9-tetrathia-5-
The cluster shapes are not

stannaspiro[4,4]nonane (146) (Figure 8).

quite like those usually seen for monotin compounds. This 1s a result

of the isotopic contributions of up to four sulfur atoms per fragment,

Note the peak at m/z 92, this is C2H452*; possibly having Structure



Figure 8.4 Mass Spectrum of"1;4,6,9—Tetrathia-5-sfanné-

4
»

«
“

spiro[4,4]nonane (146). ' ,

-
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(;47), a rare four-membered ring cyclic disulfide of sort. The~oxida-
tion of 1,2-ethane dithiol leads to po1ymerization;. at best ;he dimeric
8-memberea ring, ‘1,2,5,6—tetrathiacyc]ooctane (55), is isolated.lao
A few dithietes, wunsaturated four membered ring disulfides are known;
these are 3,47bis(trif1uoroﬁethyl)-1,2-d%th1ete‘(145)181'182 and the
sterically hindered.dithietes (149) and (150), 183,184

—

i\‘ -
i 7 § P : S / \
'S . ) S
- ! ’ s, 4
“’i W . \—_-/
(147) © (s5)"
K EIN :
. ?——T/CF, -
-y
3, . \ACF’ “
(148)  * (149) (150)

Also of interest is the peak at m/z 64; this can be attributed to-

52*. This may result from the loss of neutral ethene from m/z 92.
This peak at m/z 64 is not attributed to elemental sulfur (58) because
while m/z 64 is common 1n the mass spectrum of sulfur, no other peaks
usudlly associated with elemental sulfur are found. The common peaks in

-

the spectrum of sulfur are m/z: 256, 224, 192, 160, 128, 96, 64, 32;
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that 1is, multiples of the S atom up to Sg. Sz, @ highly reactive

intermediate of interest, has received recent attention.185 In .

_addition, a peak assigned tb Sp¥ (m/z 92 - CyHy) provides credence to

>

the four-membered ring structure (147) for m/z = 92.

L . » )}

2.5 The Preparation of vic-Disulfoxides and Thiosulfinates.

2

’

2.5.1 vic-Disulfoxides.

It is known that metals react with sulfenyl chlorides (151) to

deliver disulfides (6) and with sulfonyl chlorides (152) to afford vic-

disulfones (153) (Scheme 27).186-188  yith this knowledge, it was
reasonable for Barnard188 to assume that the treatment of sulfinyl

chlorides (129) with zinc would yield vic-disulfoxides (154), however,

]
+

w

Scheme 27. ’
, 0 00 L
M M i o
2 RSC} —/» RS-SR + MCl, ; 2 RﬁC’l . RSI-SR + MClp
.- ' N
‘ ‘ 0o 00
' (151) (6) S s (1s3) . 7

" % 1 “ -
\ N \ B x
1 \ o

he found the product was a tﬁliosulfonate (8) (Scheme 28). He correctly

reasaned that the vic-disulfoxide rearranged to the thiosulfonate. \ "l
Scheme 28, . ‘ . R | \\
- 0 - | 00 B I
< m . | I :
"2 RSCl =~ RS-SR — Rls"-SR 7
| ) 0 .
: (129)- (158) (8) |




' anq 180 1abels120 4150 suggest the presence of a highly unstable wvic-

Furthermore, the oxidation of disulfides to thiosulfonates with
electrophilic oxidizing reagents such as m-chloroperbenzoic acid 1likely

occurs with rearrangement of a vic-disulfoxide. The first step in the

) , \
oxidation procedure 1is the Jéveiopment of the isolable thiosujfinate
) /m
(7). Oxi1dation can then take place at the sulfenyl sulfur or the

sulfinyl sulfur. Applying the theory of hard and soft acids and bases
(HSAB), " the sulfenyl sulfur 1s expected to be softer than sulfinyl
sulfur which in turn 1s noticeably softer than the sulfonyl sulfur.189
The more nucleophilic nature of the sulfenyl sulfur over sulfinyl sulfur

t
suggests vic-disulfoxide formation (Scheme 29).190

Scheme 29. ~ . E
' 0 00 0
peracid I peracid i ]
RS-SR —————" RS-SR —P RS-SR —> R'§-SR
) |
Al 0
(6) omo © T (154) (8)
i ’
While vic-disulfoxides are reasonable intermediates, hard evi-

L3

dence on this intermediacy has been lacking until recently. This is of

’

.. particu]a; interest given the relative simplicity of such a functional

group; in addition, other oxo derivatives of disulfides (thiosulfinates,

thiosuifonatg§, sulfinyl sulfones and vic-disulfones) are all isolable

~

, éompounds. In the past few jears, Freeman and Angeletakis have applied

1H--_NMR,and 13c-NMR studies to provide evidence for the existence of the

transient xig-disulfoxides.lgl’lgz Product studies using 19F _NMR 193

disulfoxide, '

.
Yo
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It was of interest to provide further eyiqénce for the intermediacy
of‘!lg;disulfoxides With the use of organdtin reagents. -The reaction of
sulfinyl chlorides (129) with tri-n-butyltin lithium (155) provided
good yields of symmetrical thiosulfonates (8) (Scheme 30); however, as
we shall see, the synthesis of these thiosulfinates 1likely occurs ®&ia

vic~disul foxide rearrangement.

Scheme 30. - B
0 ‘ 0 '
I I R
2 RSC1  + n-BugSnLit ———— Rﬁ-sn +  n-BuzsnC} + LiCl
-
(129) (155): - (8)

The required sulfinyl chlorides were prepared in excellent yields

by chlorinating the:respective disulfides in the presence of 2 equiva-

lents of acetic anhydride, this preparation is based on the effective

« methodology described by Douglass and Norton.19% Excess chlorine was

trapped with sodium thiosulfate. The isolated yields of the thio -

Table 20. Yields of Symmetrical Thiosulfinates and the

Corresponding Sulfinyl Chlorides.

”° R " --Sulfinyl Chloride ’ Thiosul fonate
- RS(0)CT (%) RSOpSR (%)
Phenyimethane (129a), 96 , (8a), 86 ]
n-Butane: (129b)," 91 - (8b), 84

" Benzene . (129¢), 98 .  (8c), 75
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§u1fonate§ are p}esen;ed in Table 50. benzyl phenylmethanethiosul fonate
(8a) and phenyl benzenethiosul fonate (8c) weée obtained as white
solids, n-butyl n-butanethiosul fonate.. (8b) was isolgked as a clear

“ liquid. _Physical and spectroscopic properties of each matched litera-
ture data.

Low temperature NMR studies:were carrigd oot on the reaction of
n-butanesulfinyl chloride and tri-n-butyltin 1ithium (-60°C). The
lithium chloride was collected (-60°), the-mixture was carried to the
NMR instrument in a Dewar (-600) and the H-NMR or 13C-NMR were perfor-
‘med at -55°C. The tin anion reagent is made commercially availghle as
a8 1 Msolution in THF; presence of the THF solvent peaks swamped the
proton NMR signals, thus proton NMR was of no use in this study. The
carbon peaks of interest are those adjacent to sulfur; for n-butane-

-su}finyladchloride this péak 15 at 53.0 ppm, for the final product (3;
butyl ﬂfbutanéthiosulfonate) thé peaks are at 62.6 ppm (carbon adjacent
to su]%onyl sulfur) and 35.9 ppm (carbon next to sulfenyl sulfur). At

'y -55°C  the 13C-NMR spectra of the reaction of n-butanesulfinyl chloride
and the tin anion gave the %o]lowing beaks of interest: 59.1, %9.7,
60.5, 62.6 (br), 65.1 (br) ppm.

Upon warming to -40°C, 90 min after filtration, only one -peak
appeared: 62.9 ppm. Repeating the experiment gave similar results
except ythat in this run the peaks at 59.1 afid 65=+ were of stightly
greéfer jntensity while' those at 59.7 and 60.5 were of somewhat less

relative intensity. These peaks appear to be paired, 59.1 with 65.1 and

59,7 with 60.5« s -

N . ‘
- g B - ”

'f' , s
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( Figure 9. Low Temperature 13C-NI{Rﬂ of the Reaction Mixture of
n-Butanesulfinyl Chloride and tri-n-Butyltin Lithium .
nt' <

*

-ss°C
%

. , )
-40°C a

.
[

The peak at 62.9 ppm persisted and was assigned to the carbon next

to the sulfonyl sulfur of n-butyl n-butanethiosulfonate (8b), The
sul foxide moiety is chiral, thus diastereomeric forms of d:’sulfoxides
may be observable by NMR. One pair of peaks miay be attributed to the
carbons adjacent to sulfur for RR/SS-di-n-butyl vic-disulfoxide (154a)
and RS/SR-di-n-butyl vic-disulfoxide (154b). The second pair of peaks
likely belong to the corresponding 0,S- sulfen_y] sulfinate (156)1) - Theﬁ
rearrangement of vic-disulfoxides ,(,{54) to thiosulfonates (8) ‘may.

proceed through this seceadnmst{le species (156).199‘ 192° o

0 .

LA
N —
i
N 0 S
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w o .
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’ (156} -
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The 13C assignments are based on the following arguments. Electron

withdrawing effects are apt to be §tronger for -502 than for the

-5(0)S moiety; the diastereotopic carbons from the disul foxide should be
better shielded %han the carbon adjacent to the sulfonyl sulfur of the
corresponding thiosul fonate. The thiposul fonate has a peak at 62.6-62.9
ppm, so the pair of d1§u1fox1de peaks should be upfield of this value.

Freeman and Ange]etak15192 have also noted this. For those cases when

“the R groups are equivalent, it has been noted that the carbon adjacent

to a -S(0)0 moiety, such as next to a sulfinate sulfur of a 0,S-sulfenyl
sulfinate, resonates downfield from those adjacent toa -5(0)S moiety
of a disulfoxide,191 Lastly, the carbon resonances for the diastereo-
mers are not apt to be very different. As mentioned above, the peaks at
59.7 and 60.5 ppm appear to be p;IFEd as are those at 59.1 and 65.1 ppm.
It follows from these arguments that the peaks at 59.7 and 60.5 ppm
belong to the disulfoxide. §éﬂ second pair of 59.1 and 65.1 ppm result

from the 0,S5-sulfenyl sulfinate, the former peak for the carbon adjacent

B

to the su]fenj] sulfur and the latter for the carbon next to the sulfi-

nate ester, This is summarized below.

P i i
CCCC-SY$2CCCC CCCC-S-0-S-CCCC cccg-ﬁ-s-gccc
) 0
§9.7, 60.5 65.1 59.1 - 62.6 35.9
(154a), RRJSS (156) (8b)

(154b), RS/SR

The existence of similar intermediates leading to the formation of

benzyl phenylmethanethiosul fonate (8a) and phenyl benzenethiosulfonate
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(8¢) could .not be detected by low temperature NMR, either because of
interference with THF or, if they do indeed exist, because of the high
reactivity of these intermediates. Freeman and co-workers have found
the detection of these pa#%icu]ar intermediates to be difficult.195

After initial attack of the tin anion on the §u1f1nyf chloride to

‘form (157), the synthesis of vic-disulfoxide may be through the four

- centered transition state (158) (Scheme 31).

Scheme 31.

0
0 0 |l
I I RS(0)C1 RS----Cl
RS-Cl1 . +  BujSn~ ———p RS-SnBuj o ;
¢ RS---~SnBuy
(157) nl
0
N$
. (158)
- e 00
it :
RS-SR  +  Bugsn-Cl *
(154)

Taylor and Wardell have found that S-oxo tripﬁenyl arylthiotin(IV)..
species (159) quickly rearrange to O-tin sul fenates (160) (Scheme 32).196

Scheme 32.

'S 0 .8
' [o]l il
.. Ph3Sn-SAr —— [Ph3Sn‘-SAr] ——-—-—.—-» Ph3Sn70-SAr

(159) U (160)

48

P
A
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‘EE;, Hence, as an alternate mechanism, the sulfoxide (157) may have rear-

ranged to the tin sulfenate (161) and then reacted as shown (Scheme 33).

Scheme 33.
0 - i
I RS(0)CY +
BuzSn-SR —— Bu3Sn-0-SR — Bu3Sn—-0\
- SR .
\ 7 |
(157) (161) . CI—-ﬁR -
i 0

00
il
) RS-SR + Bu3SnCl

(154)

7 -

Note that in cdnsidering Scheme 33 above, the oxygen, instead of
sulfur, of the tin sulfenate could attack the sulfinyl chloride; if so
then the 0,S-sulfenyl sulfinate would be péov1ded directly. As dis-
cussed earlier with the synthesis of disulfides from thiotins other
mechanisms are possible; for instance an 1oni1c process or five-coor-
dinate tin..

13C.NMR  and mechanistic rationale indicate that vic-disulfoxides
are initially formed 1n the reaction of sulfinyl chlorides and tin
anion. The rearrangement of the vic-disulfoxide may proceed as shown
below; either oxygén may attack the adjacent sulfinyl sulfur to provide
the 0,5-sulfenyl sulfinate (156) which in turn rearranges to the thio-
sulfonate (8).197 A secondary method en;a11s homolytic cleavage of the
!ig-a15u1fox1de to two sulfinyl radicals which may then recombine to the

0 the 0,S-sulfenyl sulfinate, this would then ult1mat°e]y give the thio-
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RS—SR ———» RS—0—SR —— RS—SR

. \. \_ ]

(154) (156) (8)

sul fonate.190  Recent ab initio calculations support the rearrangement
of vic-disulfoxides to thiosulfinates via sulfinyl radicals.l98 yomoly-
sis of the sulfenyl! sulfinate to sulfenyl and sulfonyl radicals is less
likely, for if this were to occur then it is reasonable to assume that
while many would recombine to thiosul fonates, some of these radicals
would escape the solvent cage and recombine to form vic-disulfones (153)

and disulfides (6). Disulfide formation 1s not observed.193

2.5.2 Attempted Preparation of Thiosulfonates from Thiotins and -

Sulfonyl Chlorides

Organotin-sul fur derivatives have Been used in conjunction with
sul fenyl chlorides to afford disu]fideslzo, and with sulfinyl chlorides
to yield thiosulfinatesl99 4y good yield. In both cases, particularly
for the preparation of the thiosulfinates, the reactions are carriéd out
in nonpolar solvents under mild conditions.

Based on these reported results, an attempt was made to synthesize
thiosulfonates (8) from thiotin(IV) compounds (96) and sulfonyl
chlorides (152) (Scheme 34). Unfortunately the procedure (mixing of 96

and 152 in CH,yCl,) was unsuccessful,
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Scheme 34.
l
0 , 0
il i
Rﬁ-Cl + BuzSA-SR' Rﬁ-SR' +  BuSn-C
0 0
(152) (96) (8)

Repeating the -reactions in refluxing THF for up to 20 h also did
not afford any thiosulfonate, although symmetrical diysulfide formation
was observed. The disulfide apparently resulting from decomposition of
the thiotins during work up procedures, A reason for the lack of
reactivity of suifonyl chlorides with th1ot1nsimay be that, using hard-
soft (HSAB) terminology, the sulfonyl sulfur 1s hard, while thé thiotin
1s a soft nucleophile; consistent with this, sulfinyl and sulfenyl
sulfurs are softer electrophilic centers and are more likely to react
with the soft thiotin speciesi89,200,201 ynich they readily do.120,199

A variety of Lewis Acids were used (ZnC]Z, A1C13 and A18r3) with no
success. The use of TiCl,; however, did yield the thiosul fonate; the
proton NMR yields were at best 35-40%. A closer examination of the
reaction showed that the thiosulfonate did not result from the direct
attack of the thiotin reagent on the sulfonyl chloride. Initially, n
less than 3 min, TiCly provides the symmetrical disulfide from) the
thiotin reagent. The disulfide may have then reacted with the sulfonyl
chloride, perhaps with the assistance of T1Cly, to give the thiosulfo-
nate. As a control, TiCl4 was added to a mixture of dibenzyl disul fide
and phenylmethanesulfonyl chloride; the corresponding thiosulfonate was

detected. Adding TiClg to tri-n-butyl phenylthiotin(IV) 1n an NMR tube

-showed - that dibenzyl disulfide was formed almost 1nstantly. These
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results show that while the reaction of th1ofin reagents with sulfonyl
chlorides may not be useful in the preparation of thiosulfonates, TiCl4
can serve as a good, mlid oxidizer of thiotins toward the synthesis of
symmetrical disulfides.

It s plausible that the thiotin reacts with TiCly to form the
intermediate (162). Reaction of this intermediate with a second
molecule of thiotin would produce dialkylthiolatodichlorotitanium(IV)
(163). This compound may then reductively eliminate to the disulfide and
TiCly polymers (Scheme 35).202 Indeed, some unident1fied polymeric by-
product was cbserved i1n the synthesis of dibenzyl disulfide above. In
addition, 1195n-NMR shows that tri-n-butyltin ch]ori&e (155.7 ppm) is™

formed 1n the reaction.

Scheme 35.
Bujsn-SR  + TiCly —= RS-TiClz3 + Bu3Sn-Cl -
(162)
80350_-SR
R.E.
2 (Rs)pTiCY, » 2 RS-SR + TiCl,(pol ymer)
(163) (6) '

\

As indicated above, the thiosulfonate that was detected may result
from the action of the disulfide on the sulfonyl chlioride; however,
there 1is an alternate proposal. Trichloroalkylthiolatotitanium(IV)
(162) may react directly with sulfonyl chloride to deliver the thio-
sulfonate and titamium tetrachloride (Scheme 36).202 14 this mechanism

there should be no appreciable symmetrical disulfide or TiClp polymer

L] -
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Scheme 36. .
0 0 -
‘ ] i n -
RS-TiCl3 + | R'IS'-CI e RS-ISIR' + TiClqy . -
Yy 0 ‘ 0 . e <
(162) -{152) (8)

-~

formation; both were observed in the preparation of thiosulfonates above
but there s no reason to believe that both possiblie mechani sms are not
occurring concurrently, '

The 1solated yield of dibenzyl disulfide formed by the action of 2
equivalents of Ti1Cly on tri-n-butyl benzylthiotin(IV) was 95%. of
.further nterest 1s the 93% yield of 1,2-d1thrane (74) that resulted
when 2 equivalents of TiCly were added to ’p«l,4—buty1d1th1ohexafg-

butylditin{Iv) (109b) Th1s suggests that TiCl, may be fruitful in the

synthesis of cyclic disulfides.

2.6 Investigation of Qrganotins as Sulfhydryl Protecting Groups . and

Attempted Synthesis of Substituted Thiophenes.

2.6.1 Preliminary Investigation.

It was of interest to see if organotin reagents might be useful as
a cysteine sufhydryl protecting group. For organotin compounds to be of
such use must be compatible with common amino and carboxyl protecting

groups. A particularly familiar amino protecting group is the t-butyl-

oxycarbonyl (t-BOC) functionallity which forms the carbamate; methyl and .

ethyl esters are often used to protect the carboxyl end of an amino
ac1d.203 While there 1s no evidence for the reaction of tri-alky)

alkylthiotins or trialkyltin chlorides with carbamates, these reagents
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do react with esters,204 g-Propiolactone (164), a four-membered size
ring cyclic ester, undergoes alkyl cleavage with both thiotins and tin
halides (Scheme 37).204 Trimethyltin diethylamide and trimethyltin

methoxide preferentially cleave this ester via the acyl oxygen bond.

Scheme 37.
’ 0
' Me3SnX, alkyl oxygen il
—»  Me3Sn-0CCH,CHp-X
i

N’ |

Q

—

- 7/
Me3SnY, acyl oxygen >~ ~ 0
(164) ]
’ > Me3Sn-0CHoCHoC-Y

X = SMe, C1; Y = OMe, NEt)

1
-— Due to large ring strain,’ (164) is known to react readily with many

nucleophilic reagents.204 An acyclic ester would probably not react
with organotins as much as (164). To investigate this, S-tri-n-butyl-

stannyl methylthioglycolate (165) was prepared. As with all thiotins,

n-Bu3Sn-SCH,C00Me n-Bu3Sn-OMe
b
(165) | (166)

tri-n-butyltin chloride was added to the thiol in the presence of tri-

ethylamine., The reaction was allowed to stir for 4 h befcgré typical
work-up procedures were carried out. Proton NMR of the crude indicated
an mpurity by the presence of a peak at 2.02 ppm, 1195n-NMR showed two

peaks, B84.7 and 104.4 ppm with relative intensities of of ca. 9:1. The

\
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mixture was separated by flagh chromatography on silica, affording the
tin-sulfur reagent (82%), with a 1195n-NMR signal at 84.9 ppm; and the
impurity in question at 104.5 ppm. .

This impurity proved to be tri-n-butyltin methoxide (166); the
195n.NMR of an authentic sample gives a signal at 104.5 ppm and the
proton NMR\;ef each are superimposable. The authentic sample of tin
methoxide was prepé?ed by simply adding tri-n-butyltin chloride to
methanol in the presence of triethy]am1né. Interestingly, the production
of (166) 1ndrcates that the tin chloride or perhaps the subsequently
formed thiotin gave acyl cleavage, not alkyl cleavage such has been
reported for S-propiolactone (164).204 |

Acyl cleavage from tin chloride would also provide the corre-
sponding acid chloride but there was no evidence of this. The acid
chloride would be converted to the free acid and lost during work-up
procedures,

Use of t}i-ﬂ-butyltin chloride and the subsequent presence of
thiotin reagents do not seem to substantially affect ester 1linkages.
Thus, tin-sulfur derivatives may be useful as thiol protecting groups

e

for cysteine.

2.6.2 S5-tri-n-Butylstannyl-N-Butyloxycarbonyl-L-cysteine Ethyl

Ester (167). v Lo ‘

1

Before protecting the sulfhydryf‘mojety of the amino ‘acid it was
necegsary to have both the amlno:and carbo;yl moieties protected. To
do this, the t-butylcarbamate of cysteine ethyl ester (168) was pre-
pared, by adding 2—(£¢buty1oxycarbonyl-ogyxmino)-Z-phenylacetonmtr11e

(BOC-ON, 169) to' L-cysteine ethyl ester hydrochloride following a

t

)
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( ” publ ished procedure.205 The free thi\ol, a better’ nucleophﬂe: may
potentially attack (169), however the tendency for S to N acyl migra-
t10n205 suggests that the carbamate should be the thermodynamic
product, if not necessarily the kinetic one. N-t-BOC-L-cysteine ethyl
ester was prepared in 85% y1§1d; the proton NMR and mass spectrum of the
samp1e’were consistent with the proposed structure. The viscous liquid

also gave a positive result for thiols using the sodium nitroprusside

test.

The fully protected amiro acid (167) was obtained by adding tri-n-
butyltin chloride to (1685 ( Scheme 38); the overalllyield from cysteine
ethyl ester was 77%. It was afforded as a colorless wax after quick

purification on silica gel.

Scheme 38.
b S R3SnC1 S-SnR3
~ Cys-Et + BOC-ON —® BOC-Cys-Et | ~—»  BOC-Cys-Et ‘
» }
(169) . (168) (167)

2.6.3 Treatment of (167) with a Variety of Amino and Carboxyl

Deprotecting Agents.

S-tri-n-Butylstannyl-N-t-butyloxycarbonyl-L-cysteine ethyl ester
)(167) was treated with some common ester and carbamate éieavage reagents
used for the deprotection of amino acids. The reactions were followed
by 1195n-NMR  and in all cases substantial'kleavage of the tin-sulfur
bond took place. The deprotecting conditions, which are described by

‘[?’ Greene203, were 3.0 M HC1 for 30 min, thiophenol in CF3COOH, trimethyl-
silyl iodide,207 and KOH 1n D,0/MeOH, o

»7"
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It is clear from Table 21 that common amino and carboxyl deprotec-

. ting agents also affect the tin-sulfur bond. During the course of

Peptide syntheégs it is imperative that'cﬁain elongation can be carried
6&;, that s, errotecting either the‘amfno or carboxyl .end, without
disturbing other\Qrotecfive gr?ups. Organotin reagents as sulfhydryl
protecting groups do not allow for this. ’Although (167) may not be
usefuf1§ protected 1t may serve in an otherlway, the thiotin speéies ‘

could allow for the formation oﬁ functionalized cysteine res{dues;

unsydmétrical disulfides or thiosulfinates may be formed via thiotins.

Table 21. 119sn-NMR Data for (167) -With Various Deprotecting Reagents.

4
-

Entry - 11955-NMR ppm (relative abundance)

lgaf (167),¢fu1]y broteétgd amino acid 86.3 ° ' >

b) (167) + 3.0 M HCI, 30 min __ J 155.7

c) n-BussnCl:. ‘ . 155.4 - h

d) (167) + 2 PhSH in CFyCOOH | - 73.7 (85), 86.5 (15)

e) n-Bujsn-SPh | | 4.6 .

f) (167) + TMS-I, 6 min S 845 S

9) .n-BuzSn-I | ‘ 84.7 -

h) (167) + KOH in DpO/MeOH 104.6 (67), 86.2 (33)

i) n-Bu3Sn-OMe 0 S 104.5 -

2.6.4 Attempted Preparation of Substituted Thiophenes.

~

¢ ‘ The Hantzsch pyrrole synthesis (Scheme 39) is a useful method to

prepare substituted pyrroles.208 A modification of this technique may




.reacted with a-promo ketones to provide substituted thiophenes (174).

' a ! AN ’ » - - \1‘ | -119-

Scheme 39.

¢l , o
4 l ‘ ) / - Rll
RHC CHR*® ) R"C""'CHR" :
i b - -rhs”
'C R ——m cn'“

\\“ \\" : R'*®

N\ .

allow for the preparation of substitﬁted thiophenes. Instead of an
enamine, an’enethiotin.§pec1es such as (170) could be uséd.  The forma-
tion of (170) could result from an a-siloxythiol (171) as depicted in
Scheme 40 (next page). The highly odoriferous a-trimethylsiloxythiol B
was easily prepared from propanal, HoS ard trimethylsilyl chloride.209

'Thiol (171) was then reacted with N;H in CHyCl5 to provide the enethio-
late (172).210 Treatment of thiols Tike (172) with alkyl halides is
known to yield the respective vinyl sulfides (173).210 .

It was hoped that the addition of tri-n-butyltin chioride to (172) -

would yield an isolable vinylthiotin (170); this in turn could, be

Unfortunate]y attempts at isolating (170) led to decomposition, while
this compound was not char&ctefized; it may Qellvhave been formed in - B
solution.

The presence of péaks in the aromatic region (6.5-8.0 ppm) of the
proton NMR spectrum was‘used as the method to detect thiophene (174) .
formation.  Treatment of (170) in situ, if actually prepared , with 3-
bromo-2-butanone or a-bromoacetophenone in refluxing THF for 2 h or 24 h

did not yield any thiophene (174). Rather, GC indicated unreacted bromo

i
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ketone and TLC revealed many spots.  The trimethylsilanol or. trimethyl-

silanoate formed in the generation of the vinyl thiolate (172) may react

"with tin chloride, so the attempted preparation of (170) was repehted

with 2 equivalents of tri-n-butyltin chloride. Subsequent trials with

this solution of (170 were also unsuccessful,

Scheme 40.

051Me,
s NaH _ -
CH3CHpCHO + HpS + Me3STCI —B= CH3CHCHSH ~ ——————= |  CH3CH=CH
- * S-
. (171) t
- CHACH—CH
) N
- SJ
o (172)
‘: 8“35“(:]
. .6“3CH?CﬁS-ﬁ? ’ .-+ . CH3CH=CHS-SnBu3
. (170)
o *”w’ »:’; - a-bromo ketone
e ST TR T e
| 3 “ . . B - ’Rl / \
LU (174)
- ‘ . °
) § - ‘ o
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' 2.7 The Desulfurization of 1,2-Dithiepane 1,1-Dioxide (175).

. ’ . .y J
The high yield of 1,2-dithiepane (75) via theiﬁﬁﬁédation of the

pertfnent t&d-su]fur derivative “prompted a study on the desulfurizatipn
of 1.2-d1thiepane 1,1-dioxide (175), an oxidative product of the cyclic

disulfide.

The reaction of acyclic thiosulfonates (8) with tris(diethylamino)-
phbsphine (176) affords sulfones (11).211 The reaction takes place on
the sulfenyl sulfur expelling an ambident sul finate anion (177); this
anion then undergoes S-alkylation to afford the sulfones and tris(di-
ethylamino)phosphine sulfide (178) (Scheme 41).211 1n some instances
the anion from acyclic thiosul fonates undergoes O-alkylation to yield

lesser amounts of thiosulfinates (130).211

Scheme 41. ) ) o
0 0 o0 ’ 0 :
Il / i : Il
R'S'-SR + (EtoN)3P —> RS\\<—>RIS|' . ll’*(ustz)3 —->RﬁR + (EtpN)3P=S
0 0 0 RS ‘- 0°
(8) (176): (177) ) - (1y) ~ ° (178)
?

0

Il

_RS-OR

- a

- ” (130)

e

Treatment of small ring cyclic thiosulfonates with tris(diethyl-
amino)phosphine yields primarily cyclic thiosulfinates rather than

cyclic sulfones.211:212 The addition of (176) to 1,2-dithiolane 1,1-

-

n

-

-121-

B
S
kW




-

N

: _ -122-

dioxide in the formation of

(179) results

1,2-oxathiolane 2-oxide

(180) (Scheme 42);;he reaction of, (176) with 1,2-dithiane 1,l-dioxide

(181) ' affords 1,2oxathiane 2-oxide (182) and thiolane 1,l-dioxide

[

(183) in a ratio of 9:1 (Scheme 43),212

Scheme 42. ¢
0 M ,' '*tJ
‘%i’s - ?
L+ (MQ,NY, P ——r——ip -0 + (M.'N)’ p=g
]
(179) ° ° (176) (180) (178)
Y
Scheme 43.
o o .
A < i QL
- $—0 S
< > +  (MeN),P —>< > + ( 7 +  (Me,N),P=80
(181) (176) (182) (183) (178)
9 : 1

Sulfinate ester formation may arise as a reflection of ring size on

the course of the reaction, It was of interest to exdfine the desul-

“ Q@ . -
furization of the next higher homolog to more clearly assess this

< —
effect.

1N

2.7.1 Synthesis of 1,2-Dithiepane 1,1-Dioxide.

l,géDithiepane was oxidized with hydrogen peroxide using litera-

@

ture procpdnres78; the yield of the cyclic thiosulfonate wés only 12%v
3 [}

(the Tliterature yield is 17%).78 However, oxidation of the cyclic
- .

¢
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disulfide with m-chloroperbenzoic acid (m-CPBA) afforded the dioxide in

33% yield. This exothermic reaction ‘was monitored by TLC, the reaction
could also be followed by color changes as described in the experimental
procedures for this synthesis. Removal of the m-CBA which forms was
achieved by concentrating the CHpoClp solution to precipitate the acid.
The precipitate was filtered and the filtrate was concentrated again;
the solution was concentrated a total of four times, the last time under
a stream‘of nitrogen at ca. 5°C. This procedure removed most of the m-

CBA. The sample was then further purified on a silica column.

2.7.2 Desulfurization of (175).

L

The desulfurization of 1,2-dithiepane 1,1-dioxide (175) was carried
out in a fashion similar to the method used in the desulfurization of
(179) and (181)211, a small excess of tr1(d1ethy]am1no)ﬁhosphine (176)

was added to the dioxide (178) in benzene (Scheme 44). The reaction

afforded 21 % of the cyclic sulfone (184) (thiane 1,1-d10xidé) and an

oily polymer (185). The polymer showed infrared peaks typical for
sulfones (1325 vs, 1125 vs cm~1l) and sulfinate esters (1140 s cm=1), but
the bands of the latter were considerably ‘weaker.  Also isolated from

the mixture was a 92 % yield of tris(diethylamino)phosphine sulfide

Scheme 44.

0
S—$ S '
SR GRS o

(175) (176) (184) (185) . (178)
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(1{8),” the infrared spectrum of«tgis compound_ was id?ntica1 to that of
an aut?entic sample produced by adding (176) to sulfur in toluene, The
high recovery of phosphine sulfide suggests that the reaction went to
near completion,

[
L

None of the 7-membered sultine ( 1,2-oxathiepane-2-oxide (186)) was
detected by either 1H-NMR or IR (1110 cm-1).23 / )
It appears from these data that while there was evidence of sulfi-

nate ester formation in the polymer, most of the attack by the ambident

sulfinate anion is through sulfur (S-alkylation) yielding sulfone. The

l
U "
\ i
LIS

(186)

e
o

I'Y;

sultines wformed by the aminophosphine desulfurization of (179) and
(181) above seem to be governed by ring sizg“considérations Jﬁd not an
inherent disposition for QO-alkylation. At should be not;d that 'hard-
soft' considerations also favor S-alkylatidn.zooszel The sulfenyl
sulfur bearing carbon where a]ky]atiqp takes place is more likely to be

o

attacked by S~ than 0~.
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CONCLUSIONS AND CONTRIBUTIONS TO ORIGINAL KNOWLEDGE

«  The deve]dpment of a new general route for the preparation of
cyclic disulfides was undertaken. This was performed by oxidativefy
coupling organotin~sulfur derivatives, specifically, p-a,w-alkyldithio-
hexa-n-butylditin(IV) species and 2,2-di-n-butyl-1,3,2-dithiastanna-
cycloalkanes (most of these are new compounds) with bromine or iodine.
The employment of the organotin compounds provided good to excellent
yields of the cyclic disulfides without the need of high dilution
techniques. The effectiveness of tin-sulfur species to afford cyclic
disulfides was 1nvestigated; this showed that tin derivatives yield up
to tenfold greater amounts of cyclic disulfides than does simple oxida-
tion of the dithiols without the use of tin. The 1ncreased yields were
most mpressive for the medium sized ring systems; that 1s the 8-, 9-
and 10-membered ring cycliic disulfides. The combination of organotin
r;agents and mild dilution further increased the isolable yields of
monomeric cyclic disulfides. It should be noted that 1,2-dithiolane,
1,2-dithiacycloundecane and 1,2-dithiacyclododecane, the five, eleven
and twelve-membered ring cyc11; disulfides, were prepared 1n monomeric
forms but isolation led to polymerization, It was shown that what 7is
reported in the literature as monomeric 1,2-d1thiacyclodsdecane is in
fact a dimeric species. A potential "tin effect" or "template effect”
which afforded these goods yields relative to systems in which no tin is
used was postulated to result primarily from auto-association _and
masking of the thiol moiety by tin. Good yields of symmetrical disul-

fides were also prepared via halogen oxidation of thiotin(IV} species.
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While kinetic measurements and mixed reaction studies with 1,/Brp
or IBr were unsuccessful, competition reactions did provide some infor-
mation on the mechanism of halogen oxidation of thiotin(IV) compounds.
The competition reactions which were performed with a series of trialkyl
arylthiotin(1V) compounds showed an average rho (p ) of - 0.45. This
Tow value suggests that the reaction is likely concerted or synchronous;
two possible mechanisms are thus six electron concerted or four-
centered. 1f a four-centered mechanism is to proceeé then the oxidation
must be done in two steps; kinetics reveals information on the rate
determining step, the other step may proceed via an ionic or other
different mechanism type.

11950 NMR were performed on all of the tin-sulfur derivatives, this
extends published data on these types of compounds.

New evidence for the existence of vic-disulfoxides 1s presented.
Although much 1s known about other oxygen derivatives of disulfides
(thiosulfinates, thiosulfonates, sulfinyl sulfones and vic-disulfones)
the same is not true for vic-disulfoxides. The reaction of sulfinyl
chlorides with tri-n-butyltin Iithhum provided good yields of thio-
sulfonates, however, low temperature 13c-NMR showed that the initial
product of this reaction was likely a vic-disulfoxide. The unstable
vic-disul foxide may then rearrange to an 0,S-sulfenyl sulfinate which 1n
turn can rearrange to the thiosulfonate. -

The combination of thiotin(IV) compounds with sulfonyl chlorides
did not afford good yields of the anticipated unsymmetrical thiosul-
fonates; however, these studies showed that TiCl, could be useful as an
ox1dizer of thiotins to provide symmetrical dasulfides or cyclic disul-

fides,




o

S-tri-n-Butylstannyl-N-t-butyloxycarbonyl-L-cysteine ethyl ester

was prepared. While not 1ikely of use in peptide synthesis this com-

pound may be uséd to prepare cysteine residues which could be deriva-

tized at sulfur.

The desulfurization of 1,2-dithiepane l,l-diO{jde was carried out
with tris(diethylamino)phosphine. The result was 21% of the cyclic
gulfone and a polymer which contained sul fone moieties and some sul-
finate groups. This experiment suggests that the corresponding desul-
furizations of 1,2-dithiolane 1,1-dioxide and 1,2-dithiane 1,1-dioxide
which yield the respective sultines (cyclic sulfinates), does so due to
ring constraints Kbﬂd not because of an inherent qiiposition to form

sultines. , o
‘ NN

R
B
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PROSPECTS FOR FUTURE RESEARCH

The good yields of the cyclic disulfides which were obtained from
organotin-sulfur derivatives suggest that thiotin species in conjunction
with sulfur chloride or sulfur monochloride could in theory provide the
corresponding acyclic or cyclic trisulfides (187), or acyclic or cyclic
tetrasulfides (188). Some cyclic trisulfides (GC yields) have recently
been prepared 1n this fashion.24 1n addition, the reaction of thionyl
chloride or sulfuryl chloride with the same thiotin derivatives ( tri-n-
butyl a%ky?thxotzn(lv) compounds, p-a,w-alkyldithiohexa-n-butylditin(1v)
species or 2,2-d1-n-butyl-1,3,2-d1thiastannacycloalkanes) could afford
the oxidative products of trisulfides (acyclic or cyclic); the cyclic

analogs (189) and (190), are unknown,

€M - k), €Hn €\
(™) AT N
8-

S
S-S NP S-S S-S
i /N
(o] 0
(187) : (188) (189) ' (190)

“

Alternatively, bis(tri-n-butyltin) sulfide (106) may be addéﬁ to
sul fenyl chlorides, sulfinyl chlorides or sulfonyl chlorides, to p}ovide
symmetrical trisulfides (191) and the oxygen derivatives (192) and (193)
respectively (Scheme 45). This synthesis may also be carried out wi;b

di-n-butyltin sulfide (194), wnstead of (106).
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Scheme 45

Bu3Sn-S-SnBug + 2 RS-CI" ————— RS-S-SR + 2 Bu3SnCl

(106) ) (191)

0 0 . 0 0
nn- B |
RS-S-SR Rﬁ-S—ﬁR n-BupSn=$
. 0 0
: (192) (193) (194)

Cyclic sulfides may be provided from the reaction of the appro-
priate thiotin(lV) compounds with a,w-alkane dibromides; work on this
front is already in progress 1n our laboratory.

Sulfur transfer -reagents {195) and (196)215 may also react with
tin-sulfur derivatives to afford trisulfides and tetrasulfides (acyclic
or cyciic). The anticipated mild reaction conditions may provide these

polysulfides in good yields.

2 &, BENY

(195)7 (196)

nt

? In aﬁfashion similar to that presented above, thiotin(IV) compounds
and sulfur transfer reagents such as {197) or (198) could provide for a
nice preparation of unsymmetrical disulfides (135) (Scheme 46). While
not reported in this thesis, preﬂ?minary studles on this procedure have

been carried out and strong potential for this reaction is envisaged.
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(197) (198) '
Scheme 46.

RpN-SR'  +  Bu3Sn-SR'' ——> R'S-SR'*  +  ‘Bu3Sn-MR,

(197,198) v (96) (135)

While the formation of sulfur-sulfur bonds has been mentioned there
is no reason why these studies cannot include other heteroatoms {oxygen,
nitrogen, phosphorus, selenium).195 The metal may be any of the group
IVb metals or metalloids; the reaction types are many. A good deal of
chemistry remains to be performed using simple coupling procedures for
many of the possible combinations of heteroatoms‘;;;“;etals.

A small extension of the synthesis of cyclic disulfides involves
the synthesis of bicyclic disulfides. The appropriate dithiols and
organotin reagents followed by oxidation may afford the bicyclic

/Ikdisulfides 1n good yields.

’ITpe use of TiCl,y as an oxidizer of thiotins to yreld disulfides
should be expanded on. This reagéht may prove to be a very mild
oxidizing agent with potential 1n elaborate syntheses where the
formation of disulfides 15 required. Furthermore, 1f as proposed, a

titanitum-sulfur covalent bond is in fact being prepared, then this

class of compound may provide a wide variety of chemistry with other
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reagents to provide unsymmetrical disulfides
nates or other sulfur containing speciés.202
As already mentioned, it wou]d be u
residues derivatized
stannyl-N-t-butyloxycarbonyl-L-cysteine ethy
cysteines could be of biological interest.
Lastly, semi-empirical
of the compounds presented 1n this study.
be calculations: on cyclic disulfideslto

stability of these systems.

3
— —

, thiosulfinates, thiosulfo-

see if

seful to cysteine

at sulfur could be prepared from S-tri-n-butyl-

1 ester. These derivatized

a
u

calculations may be carried out on many of

¢

Of particular interest would

obtain information on the

c
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H




-132-

o 5 \. CHAPTER 3 \ |
. '
) - . ~ .

EXPERIMENTAL S
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1

o 3.1 General Methods

Reagents‘ which were available from commercial sources were used N
o directly except for the following: 1li1quid thiols, dithiolsl d1-n-butyl
disulfide, n-butanesulfonyl chloride, propanq}‘and 3-bromo-2-butanone
which were distilled before Gse; a-bromoacetophenone (phenacyl bromide)
was recrystallized prior to use.

Solvents were treated as follows: hexanes and pentane were
distilled over 7% by volume of coécentrated sulfuric acid and passed
through a column of deactivated aluminum oxide before storing over
sodium; ‘dich]oromethane was distilled over phosphorus pentoxide and
stored over 3 R molecular sieves; tetrahydrofuran was d1;t1\1ed from the
blue sodium ketyl of benzophenone; triethylamine dist{l]ed over KOH;
other solvents were stored over freshly activated 3 R sieves without any ' L
further pu@f?icat1on. Molecular sieves were activated by heating at 200-
250°C overnight and then cooled 1n a desiccator.216,217

A1l melting points were obtained on a Gallenkamp melting point
apparatus wusing open epded capillaries or on a Fisher-Johns melting
point apparatus using microscope cover glasses. These and boiling
points are uncorrected.

Thin Jlayer chromatography (TLC) wasq/’performed on E. Merck
aluminum oxide 60 F-254 neutral (type E) and/9r E. Meréi stlica gel 60

-F-254, Both types of TLC plates were aium1num'backed with a fluorescent

o indicator. Column chromatography was carried out on Fisher neutral




¢

—— e~

»
“

alumina Brockman activity I1.(80-200 mesh) or E. Merck §ilica gel 60
(230-400) using flash chromatography conditions.218 gas chromatography
was accomplished on a Varian Associates (VA) model 3700 gas chromato-

graph equipped with-a VA model 4270 printing integrator. Separations

were attained usfng etther a 2 m x 5 mm 0.D. glass column containing 3% -

Silicone 0V-17 on Chromosord HP 80/100 or a 10 m glass capillary bonded
column containing 3% Silicone 0V-101. . ‘

1y nuclear magnetic resonance'éﬁectra were recorded with a Varian
"Assocrates T-60,. T-60a or XL-200 FT spectrometer. Data are repofted in
) (ppm),un1ts relative to internal tetramethylsilane (TMS), followed by
the abbreviations: s, singlet; d, doubiet; t, triplet; q, quartet; m,
multiplet; and br, broad and the relative iﬁtenswties. Proton decoupled
13¢  and 1195n NMR spectra were recorded on a VA.XL-200 or a VA XL-300.
The data for 13¢C ‘was obtained in CDCl3 and 15 reported 1n’ppm relative
to TMS; for 119sn ca. 300 mg of sample was used, the data are reportéd
in ppm units relative to external tetramethyitin n CDCi3.  Shifts

downfield from the external standard are reported in positive ppm

units.174,177

Infrared spectra were recorded on a Perkin-Elmer model 297 grating
spectrometer, The data are reported in em=1! units and are calibrated- to

the 1602 cm-! band of a polystyrene reference. Raman spectra from 100

to 1000 wavenumbers were.recorded on a Jobin Yvan ISA Ramanor U-1000.

Raman spectrometer wusing the 514.5 nm (green) line of an argon laser
with the polarization set to total. §ingle scans were taken of neat
liquids and waxes 1in capillary tubes using the macro or microscope
adapters. Solids were scanned using the microscope adapter with thé

sample set on uncovered glass slides. The slits were set to 300
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:~éttempted in distilled CHyC1, or dry pentane at 25°C or §°C respec-

measurements.

P

_ ' -134-,

mjcrdns;' the spacing between points was 3 wavenumbers and the acquisi-

*. tion took 1 s per point.

Mass spectra were obtained with a DuPont Instruments 21-4928, a
Hewlett Packard HP 53980A or a LKB 9000 mass spectrometer., The condi-
ttons are given, followed by the data which is reported as follows:

mass/charge (m/z), relative abundance, assignment. In the case of tin

* containing species the two most abundant peaks of monotin clusters and

the three most abundant peaks for ditin clusters are given. Molecular
weight determinations were achieved with a Corona-Wescan Qsmometric .

Molecular Weight Apparatus at 50 C in spectrograde toluene. The instru-

ment ‘was calibrated with benzil or sucrose octaacetate and this calibra-

v

-tion was checked with compounds of known molecular weight such as benzy)

disulfide. Low: temperature” molecular wetght- determinations were

e

t1ve1y.
UTtravwo]ét and visible spectra were obtained on a Hewlett Packard ’

8451 A Diade Array Spectrophotometer or a Pye Unicam SP 800 UV Spectro-

‘ photometer. A Cantech Scientific Ltd.. Stopped -Flow  Apparatus

’interfaced with'an I.B.M, personal computer was used for fast kinetic

-

5

~

"Refractive indices were achieved with a Baush & Lomb Abbé Refracto-
meter at 25°C. The instrument was calibrated with distilled water:
18°C, 1.3331; 25°C, 1.3325; 30°C, 1.3320.219 The density measurement
for tiz-dithiepane (75) was obtained with a Sodev Vibrating Cell Densi-
tometer which was calibrated with dichloromethane and n-hexane.

Elemental analyses were performed by Canadian Microanalytical

>, L
Service int. of Vancouver B.C.

By
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3.2 Experimental Procedures. . R

&y

Triphenyimethanethiol (Tritylthiol) (104)

Tritylthiol was prepared ‘using a modificgﬁion of the method used by
Vorldander  and Mlttag.lza-Hydrogen sulfide was passed through’ a par-
ﬂtiglly dissolved mixture of 6.45 g (24.8 mmol) of triphenylcarbinol and
§ drops of sulfuric acid 1n ca. 50 ml of acetic acid. The solution had
a yellow coloration. Excess HpS was trapped with two 2 1 KOH solutions
followed by a lead acetate indicating solution. Any H,S that would have
passed the two first traps would be indicated by its reagtion with lead
acetate to form a black lead sulfide precipitate, The addition of HoS

\

was ceased once this ye11o$)co]orrno longer persisted upon heating to

100°C.  No solid remained at this point. _ Upon cooling, a white solid

precipitated; further crystal formation was prompted with the addition

of 10 ml of water. The solid was collected and recrystallized, in

acetone affording 6.24 g (91% yield) of fine white crystals; mp 106.5=- -
107 “¢ (1it.124,220 107°106-107°).  lW-WMR (CDC13) & : 3.00 (s, 1H); |

7.17 (s, 15H). Further, this compound gave a po§itive resu[tifoﬁ detec- -~

+ \{3
tion of a thiol moiety using the sodipmwnitroprusgide test.

o~
¥
24

Detection of Thiols and Disulfides on TLC A

A nitroprusside solution was used for the detection o% thiols on
thin layer chromatography.221 The reagent was 5repared as follows: ’to
1.5 g of sodium nitroprusside in 5 ml of 2 N hydrochloric acid and 95 ml
of methanol was added 10 ml b} 25% ammonium hydroxige, this mixture was
shaken and filtered. Developed TLC plates could theg be dipped into the

solution with thiol groups being visible as bright pink or red spo%s.

[
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For the detection qf disulfides a second spray reagent was
necessary. This second solution being 2.0 g of sodium cyanide. jn 5 ml
of water and 100 ml of methanol. Disulfides appear as pink or ré& spots
on a ye11@% background when the TLC plate is dipped 11nto the nitro-

prusside reagent above and then immediately placed into the cyanide

solution.221 .

Each of these reagents could be kept in TLC developing jars for

several months and used as required,

Dithiols
Most dithiols were available from commercial sources and were

distilled before use. 1,7-heptane dithiol and 1,9-nonane dithiol were

. prepared from their respective dibromides by the thiouronium salt

method.128 A mixture of 20.0 g (77.5 mmol) of 1,7-d1bromoheptane, 11.8

g (155.0 mmol) of thiourea, and 130 ml of 95% ethanol was refluxed for

6 h. To thistas added a solution of 11.0 g (250.0 mmol) of KOH in 100

ml of water and the entire mixture was further refluxed for 2 h.  The
solution was acidified with dilute sulfuric acid ( 3 ml of concentrated
acid in '2Q ml of watef) and then extracted twice with benzene. The
benzene extracts were washed with 100 m1 of water, dried over MgSO4 and
then evaporated at reduced pressure yielding 14.86 g of clear viscous
liquid. This liquid was distilled affording 14.45 g (81% yield) of the
dithiol, bp 73-75%70.1mm (11t.222 252°C).  lH-NMR (CDCl3) &
1.17-1.83 (br, 12H); 2.56 (q, 4H). 1,9-nonane d1thiol was simnarn}
prepared 1n  78% yield, bp 87-88° /0.1 mm (1it.222  284°c).
IH-MR (CDC13) & : 1.2-1.73 (br, 14H); 2.53 (q, 4H). ~

:

r
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tri-n-Butyl Alkylthiotin(IV) Compounds and tri-n-Butyl Phenylthiotin(IV)

(96) A

A1l of the alkyl or arylthiotin(IV) species were
~-Buy;Sn-SR

_prepared using the same general proceduré, that being a

slight modification of the method used by Harpp, Aida and Chanll6 -~ 4
well as Wieber and Schmidt.114,115 The synthesis of tri-n-butyl benzyl-

thiotin(IV) 1s 11lustrative. To 5.0 m1 (42.6 mmol) of -freshly distilled

{ .
.phenylniethanethiol and 6.25 ml1 (45 mmol) of distilled tr1ethy1qmine in

250 ml of CCly was added 14.4 g (42.6 mmol) of 96% trf—ﬁ:butyltin
chloride. The white triethylamine hydrochloride salt precipitated
immediatel}. The reaction was allowed to stir vigorously for 3-4 h,.
The reaction mixture was filtered, the filtrate was washed twice with 5%
acetic acid, dried (MgSOA), evaporated in vacuo and distilled to give
tri-n-butyl benzylthiotin(IV); bp 139°C/0.3 mm in 95 % yield. In some
instances the alkylthiotins were obtained as waxy solids. 1H-NM}Q showed

that these compounds were pure after they were placed under vacuum
|

(0.1 mn to 0.4 mm) ove}night hence they “were used without _furthen‘

purification.

-

9

tri-n-Butyl Benzylthiotin(IV) (96a) " ;

Colorless 1iquid, 95% yield; bp 157°C/0.3 mm (1it.116 165°/0.1 mm).
1H-NMR (CDCI3) & : 0.88 (t, 9H); 0.90-1.60 (br, 18H); 3.71 (s, 2H);
7.17-7.33 (br, SH). 119¢n.NMR : 70.9 ppm. Raman (neat) : 877, 844,
808, 685 (S-C), 589, 502 (Sn-C), 406, 361, 334 (Sn-S), 241. MS (EI,
70eV, 40°C) m/z : 357 (6), 355 (4) [M¥ - n-Bul; 323 (7), 321 (5) [M* -
C7H7°1; 291 (53), 289 (54) [n-Bu3Sn*]; 267°(67), 265 (42) [n-BupSnSH*];

'235 (50), 233 (42) [n-BuySni*l; 211 (20), 209 (13) [267-265 - CqHgl; 179
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(58), 177 (100), 175 (64) [n-BuSnH,* and n-Busn*1; 155 (36), 153 (56),
161 (29) [HySnSH* and SmSH*]; 123 (12), 121 (43), 119 (58) [SnH*  and
SnH3*1; 91 (61) [CyH;*); 65 (11); 57 (94); 56 (51). Anal. calculated
for CygHyaSSn @ C, 55.23; H, 8.29; S, 7.76. Found : C, 55.42; H, 8.24;
5, 7.61. o " )

tri-n-Butyl n-Butylthiotin(1V) (96b) ' <
4 —

NN

White, waxy solid, 98% yieygi_mp 47-54°C. TH-NMR (CDC13) 6 : 0.91

_(m, 12H); 1.00-1.73 (br, 22H); 2.60 (t, 2H). !19Sn-NMR : 69.8 ppm.’

Raman (neat) : 880, 844, 811, 646 (S-C), 589, 502 (Sn-C), 382, 349 (Sn-
S), 304, '208. MS (EI, 70eV, 40°C) m/z : 323 (13), 321 (10) [M - n-
Bu-J; 291 (15), 289 (11) [n-Bu3Sn*J; 267 (100), 265 (83) [n-BupSnSH*];
235 (11), 233 (11) [n-BupSnH*1; 211 (27), 209 (16) [267-265 - C4Hgl; 179
(61), 177 (72), 175 (38) [n-BuSnHp* and n-BuSn*]; 155 (38), 153 (66),
151 (18) [HpSnSH* and SnsH*1; 121 (48), 119 (41) [SnH*1; 57 (60); 56
(64). ! ’

tri-g-Buty] §—Buty]thiotin(IV) (96¢C).

~ White, waxy solid, 97% yield; mp 52-56°C.  H-NMR (CDC13) & : 0.90
(n, 15H); 1.10-1.67 (br, 20H); 2.83 (m, 1H). 119Sn-NMR : 66.2 ppri.
Raman (neat) : 883, 844, 814, 733 (5-C), 592, 502 (Sn-C), 310 (Sn-S),

205, MS (EI, 70eV, 45°C) m/z : 323 (73), 321 (66), 319 (57) [Mt - C4Hg"

and M* - CqHg: - Ho1; 293 (77), 291 (76), 289 (70) [323-319 - CpHg
and/or 321-319 - C,H, and n-au35n+3;“ 267 (50), 265 (37) [n-BupSnsH*J;

235 (12), 233 (11) [n-BupSnH*]; 211 (34), 209 (35) [267-265 - C4Hgl; 179

(87), 177 (74), 175 (44) [n-BuSnH,* and n-BuSn*]; 155 (13), 153 (35),
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151 (25) [HpSnSH* and SnSH*1; 121 (47), 119 (52) [SnH*]; 57 (52); 56
(100).

tri-ﬁ-Buty] £-Buty1thiotin(lv) (96d)

, Colorless liquid, 95% yield; bp 115°c/0.2 mm (1it.111 110°/0.1
mm). IH-NMR (CDC13) 6 : 0.93 (t, 9H); 1.03-1.73 (br), 1.45 (s, total
for 1.03-1.73 and 1.45 is 27H). 1195n_NMR : 51.8 ppm. Raman (neat) :
883, 847, 817, 688 (S-C), 589, 502 (Sn-C), 391, 352 (Sn-S), 208. MS
(EI, 70ev, 40°C) m/z : 323 (37), 321 (30) [M¥ - C4Hg-]; 293 (41), 291
(53), 289 (25) [see abovel; 267 (64), 265 ?38) [n-BupSnsH*]; 235 (28),
233 (19) [n-BupsnH*]; 211 (35), 209 (21), 207 (19) [n-BuSnH,S* and n-
BusnS*1; 179 (38), 177 (39), 175 (43) [n-BuSnHp™ and n-BuSn*]; 155 (29},
153 (24), 151 (33) [H,SnSH* and SnSH*1; 121 (23), 119 (36) [SnH*l; 57
(46); 56 (33); 41 (50); 29 (36); 28 (100). .

tri-n-Butyl byc}ohexy]th1ot1n(IV) (96e)

Waxy solid, 97% yield; IH-NMR (CDCl3) & : 0.90 (t, 9H); 1.07-1.87
(br, 29H). 119Sn-NMR': 63.5 ppm. Raman (neat) : 880, 847, 814, 733 (s-
" ¢), 589, 502 (SA-C), 382, 349 (Sn-S), 304, 208. MS (EI, 70eV, 40°C) m/z
. 349 (41), 347 (32) [MF - n-Bu-J; 293 (29), 291 (37), 289 (29) [M* - n-
Bu - CyHg and n-Bu3Sn*]; 267 (41), 265 (37) [n-BupSnSH*1; 235 (11), 233
(10) Tn-BupSnH*]; 211 (29), 209 (13) [n-BuSnH,S*1; 179 (40), 177 (64,
175 (39) [n-BuSnH,* and n-BuSn*]; 155 (43), 153 (36), 151 (29) [HpSns*
and SnSH'1; 121 (34), 119 (31) [SnH']; 116 (38) [CgHy SH®]; 83 (56)
[CeHy;*T; 82 (65)'[C5H10*]; 57 (30); 56 (100); 55 (81). " ,
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tri-n-Butyl n-Decylthiotin{(IV) (96f) -
Colorless liquid, 94% yield; bp 180°C/0.5 mm, IH-NMR (CDCi3) & :

.0.90 (t), 0.85-1.63(br, m) total integration 48H; 2.45 (t, 2H). 119sn-

NMR : 70.5 ppm. Raman (neat) : 886, 844, 814, 652 (S-C), 595, 505 (Sn-
C), 454, 388, 343 (Sn-S), 175. MS (EI, 70ev, 50°C) m/z : 407 (54), 405
{41) (M¥ - n-Bu-]; 379 (5), 377 (4) (MY - Cghy3-1; 351 (4), 349 (3) [Mt
- n-Bus - C4Hg and M¥ - CgHy7-1; 323 (4), 321 (3) [n-Bu3Sns™; 291 (39),
289 (32) [n-Buzsn*]; 269 (28), 267 (26) [CgHpSns*]; 235 (27), 233 (34),
231 (23) [n-BupSnH* and n-BupSnH* « Hpl;~ 179 (32), 177 (31), 175 (36)
[n-BuSnHyo* and n-BuSn*]; 153 (17), 151 (27) [sSaSH*]; 121 (35), 119 (27)
[SnHt1; 97 (17); 71 (32); 69 (33); 57 (55); 55 (42); 43 (70); 41 (61);

32 (32); 29 (37); 28 (100).

tri-n-Butyl Phenyltmotin(1V) (96g) . e

. .. Colorless liquid, 93% yleld; by 157°¢/0.6 mm (1it.}16 140°/0.2 mi).
. TH-NMR (€DC13) & : 0.87 (t, 9K}, 1.07-1.57 (br, 18H); 7.02-7.25 (br,
. 3H); 7.28-7.47 (br, 2H). 119n-NMR : 74.6 ppm. Raman (neat) : 880,

841; 697 (S-C), 589, '502 (Sn-C), 421, 385, 337 (Sn-S), 193. MS (EI,
70eV, 40°C) m/z : 343 (32), 341 (48) [M¥ - n-Bu-]; 291 (16), 289 (7) [g}
Bu3SN*l; 267 (44), 265 (44) [n-BupSnSHY]; 229 (41), 227 (35) [CeHsSSn*);
179 (33), 177 (40), 175 (25) [n-BuSnH,* and n-BuSn*1; 155 (24), 153
(35), 151 (18) [HpSnSH* and SnSH']; 121 (21), 119 (33) [snH*1; 77 (34);

57 (?9); 55 (28); 41 (52); 39 (27); 29 (46); 28 (100).  Anal. cal-

culated for C18H325$n : C, 54.16; He 8.08; S, 8.03. Found : C, 54.12;

M, 8.04; S, 7.61. ‘ N

\
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( © tri-n-Butyl Triphenylmethylthiotin(IV) (96h)

After the wusual reaction (allowed to stir for 24 h) and work-ub

procedures, this compOundfappeaEed as a é]ear,K Qrange solution in CClg

in which fin% white ¢rystals had preéipxtated; on concentration, further

' crystallization occurred and this solid was collected and triturated

with minimal aébunts of cold hexanes. The evaporation of the solvent

T . frﬁm the filtrate afforded a viscous, orange liquid which could nof be

distilled and spr?aked on silica or alumina. This orange 1liquid was
non-homogeneous by Ly-nMr, 119Sn-NMR and MS.

Crude, orange 1iquid, decomposed during ‘d1sti11at10n; TH-NMR
(CDC13) "8 @ 0.7-1.17 (br, 9H); 1.17-1.71 (br, 18H); 7.17 (m, 12.5H).
1190 NMR : 5.7 ppm (46%); 104.9 ppm (16%); 154.6 ppm (38%).  Raman
(neat) : 670, 619, 592, 586 (S-C), 505 (Sn-C), 346, 334 (Sn-S), 322 (Sn-
o C1). Ms (EI, 70eV, 45°C) m/z : 291 (41), 289 (14) [E-BU3SH+];h269 (91),
26f ‘(93), 265 (72) [n-BupSnC1™* and‘g-BuZSnSH*J; 235 (7), 233 (6) [n-
BupSni*]; 213 (42), 211 (35), 209 (12) [n-BuSnHC1* and n-BuSnhpS*]; 179

(41), 177 (88), 175 (50) [n-BuSnHp* and n-Busn*l; 157 (28), 155 (60),

1563 (49), 151 (29) [HysnC1*, SnCI*, HoSnSH* and SnSH*]; 121 (31), 119

(47) [SnH*1; 77 (26) [CgHs*D; 57 (46); 56 (39); 41 (100). “

' White crystals; decomposed at 160-164 C turning orange. LH-NMR
(CDC13) & : 7.20 (s). A mixed melting of these crygials with ditrityl

sulfidel2® showed decamposition at 159-164°C. T

An authentic sample of 350 mg of bis(tri-n-butyltin) sulfidée l (n-

BU3Sn)25 gave a 1195h-NMR resonance at 82.6 ppm.



ﬂ Alkyl_and Aryl Disulfides (6)

A1l of the symmetrical alkyl and aryl disulfides were prepared in 4

fhe same fashion, To a vigorously stirring solution of 25.9 mmo} . of
K " tri{gfbutyf a1§y1th1otins and arylthiotins 1n ca. 50 ml/of CH2C12 at 0°¢
is added dropwiseé 12.5 mriol of I, ar Brp which had been previously
dissolved 1n minimal amounts of CHyCl, (ca. 2 ml). The reaction was
allowed to stir” for 5 min before being washed with 5% sodium thio-
sulfate, dried (MgSO4) and evaporated in vacuo. The resultant tri-n-
butyltin halide and disulfide'mixture was placed on aluminum oxide (ca.
409 of alumina per 1 g of mixture) and eluted with hexahes/dlchlorp-
methane 7:1. The tri-n-butyltin bromide was far more soluble 1n the

thiosul fate wash than the tin 1o0dide;hence the use of bromine 1nstead

of iodine as oxidant facilitated purification of the disulfide. The

disulfides were 1dentified by their 14_NMR and retention times on GC as ‘

compared to authentic samples. ~ The 1solated yields and the pertinent
physical data are summarized in Table 22 below.

4

Attempted Preparation of Triphenylmethane Disulfide (Trityl‘ Disulfide)

(6h) . ‘

. To 3.65 g of crude tri-n-butyl triphenylmethylthiotin(IV) (96h) in
100 ml of CHoClo NS addeé dropQ1se with v1gordus stirring 0.64 g (4.0
mmol) of Bry which . had been dissolved in 5 ml of CHZCIZ. Aerrnstirring
for 10 min the reaction was washed with 5% sodjum thiosulfate, ‘dried
MgS0; and gently concentrated wn vacuo to afford a thick oil; LHoNMR of
crude (CDCl3) 6 0.93‘(t, 10.5H); 1.17-1.80 (br, 21H); 7.29 (s, 15H)..
brystals formed with the'addltion'of hexanes/dichloromethane 7:1 to the

O crude 0il, these were filtered and combined with the resultant crystals

t
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‘!: Table 22. Isolated Yields and Physical Data of Symmetrical Disulfides

+ from the Oxidation of their Respective Thiotins.

i

qQ

‘Disulfide % Yield? GcP 14-NMRC we
‘ this work  1it. ;
benzyl (6a) - 94 7.31 7.28 3.57 (s, 2H),
T 7.20 (s, SH).
,
n-butyl (6b) 9%  2.89 .,  2.87 0.9 (t, 3H),
1.15-1.87 (br, 4H),
° - 2.70 (t, 2H)
n-butyl (6¢c) 97 2.38 « 2.37 1.00 (t, 3H),
: 1.10-1.90 (br and t
5H), 2.75 (m, 1H).
t-butyl (6d) 89 1.77 "1.76 1.30 (s).
cyclohexyl (6e) 94 6.20  6.18 1.07-2.25 (br, 10H)
2.73 (br, 1H).
. ndecyl (6f) 84 ' 1174  11.63 £ 0.90 (br t, 3H),
1.03-1.70 {br, 16H)
2.63 (t, 2H).
*  phenyl (6g) 91 6.06 1 6.03 7.27 (br s)

a) iso]ated yields; b) 9as chromatograph1c retention times in min
on a 10m bonded glass capillary column containing 3% Silicone 0V-101,

the temperature program was set for 80°- 225° at 20 /min; c) (CDCI3) 6 :.

PR




from the concentration of the filtrate. The melting -point bf these

crude crystals was 151-157°C. Recrystallization in hexanes/dichioro-

. methane 3:1 afforded 0.24 gj(43% yield) of trityl sulfide as fine white’

"crystals; decomposition at 161-164°C (11t.126 mp of disulfide: 155°, of
monosul fide: 165°).  IH-NMR (CDCl3) & : 7.23 (s). Molecular weight
determination : 497; calculated for disulfide : 551.5; for monosulfide :

0

519.4.

¢

p-a,w-Alkytdithiohexa-n-Butylditin{1V) Compounds. (109)

+ Al of the p-a,w-alkyldithiohexa-n-butyldi- -3“=5"5“E;g)
. n
tin(IV) species were prepared using the same ~BuySns —~
(béneral procedure, The  synthesis  of p-1,4-butyldithiohexa-n-

butylditin(IV) (109b) 1s presented. To 4.0 ml (34 mmol) of 1,4-butane-
dithiol and 10.0 ml (72 mmol) of triethylamine in 250 ml of (CClgq was
$1ow]y added (18.4 m] (68 mmol) of 96% tri-n-butyltin chloride. The
reaction was allowed to stir vigorously‘ for 2-5 h. The work-up
conditions have been previously described for the preparation of (96).
These dithioditins were obtained as thick ligquids; they could not be
distilled and streaked on alumina or silica gel, 1H-NMR, 119Sn-NMR and
MS all showed that the dithioditins were all quite clean hence they were
used without further purification. Yields 1n all cases approached 100%.

o

p-1,3-Propyldithiohexa~n-Butylditin(iV) (109a)

Colorless, viscous liquid; LH-NMR (COC13) & : 0.93 (t, 18H); 1.07-
1.80 (br, 36H); 2.63 (t, 4H). 119gn NMR ¢ 77.6 ppm, Iﬁ (neat) : 2970,
2930, 2860, 1465, 1380 (alkyl), 1295, 1075, 965, 875, 700, 665 (S-C).
Raman (neat) : 884, 844, 594, 506 (Sn-C), 408, 344, 314 (Sn-S), 218. MS

" -144-
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1

(E1, 70 ev, 110°C) m/z : 631 (1), 629 (2), 627 (1) [W*' - n-Bu-l; 557

(1), 555 (1), 553 (1) [M¥ - n-Bu--- C3HgS]; 501 (<1), 499 (<1), 497 (<1)
[557-553 - CaHgl; 291 (49), 289 (3) [n-Bu3Sn™l;, 235 (46), 233°(31)
[291-289 - C4Hgl; 179 (42), 177 (52):X175 (51) [n-BuSnHy* and n-BuSn*];
123 (16), 121 (31), 119 (28) [SnH3* and SnH™]; 74 (17); 57 (21); 56(48);
55 (30); 43 (45); 41 (62); 39 (27); 29 (33); 28 (100).

p-1,4-Butyld1thiohexa»E—Butyldit1n(IV) (108b)

Colorless, viscous liquid; LH-NMR (CDC14) & : 0.92 (t, 18H); 1.08-
1.73 (br, 40H); 2.53 (t, 4H). !19Sn-NMR : 77.9 ppm. IR (neat) : 2970,
2940, 2880, 2860, 1470, 1380 (alkyl), 1195, 1070, 965, 875, 720, 665
(s-C). Raman (neat) : 878, 842, 650 (S-C), 587, 500 (Sn-C), 386, 341

(Sn-S), 239, 206. MS (EI, 70 eV, 66°C) m/z : 645 (5), 643 (6), 641 (5)

[M* - n-Bu*l; 557 (4), 555 (4), 553 (4) [M* - n-Bu- - CqHgS]; 501 (3),

499 (4), 497 (3) [see above]; 323 (2), 321 (2) [g—BU3SdS+]; 297 (53),

295 (42) [n-BuSnS,CeHg*ls 291 (17), 289 (13) [see abovel; 267 (6), 265

(5) [_T_\-BUZSnSH+]; 241 tll), 239 (10) [297-295 - C4Hgl; 235 (16), 233 ‘
(12) [see above]; 179 (29), 177 (30), 175 (21) [see above]; 121 (21),
119 (15) [see above]; 89 (59); 57 (240; 56 (52); 43 (18); 4l )(92); 39
(42); 29 (33); 28 (100). Anal. calculated for CpgHgoSpSnp @ C, 48.02;
H, 8.92; S5, 6.16. Found : C, 48.24; H, 8.89; S, 8.40.

p-l,S-Pentyldith1ohexa-Q~Butylditiqﬁlv) (109c)

Colorless, viscous liquid; 1H-NMR (CDC14) & : 0.90 (t, 18H); 1.07-
1.80 (br, 42H); 2.55 (t, 4H). 119gn-NMR : 75.5 ppm. IR (neat) :
2970, 2930, 2880, 2860, 1465, 1380 (alkyl), 1300, 1075, 960, 875, 790,
690, 665 (S-C). Raman (neat) : 880, 841, 649, (S-C), 586, 499 (Sn-C),



385, 340 (Sn-S), 238, 208. MS (EI, 70 eV, 140°C) m/z : 659 (9), 657
(11), 655 (9) [M* - n-Bu-); 557 (<1), 555 (<1), 553 (<1) [M* - n-Bu- -
C5HyoSl; 501 (<1), 499 (<1), 497 (<1) [see above]; 323 (79), 321 (65)

[see abovel; 311 (73), 309 (58) [n-BuSnSyCghyg*1; 291 (18), 289 (13)

[see abovel; 267 (27),.265 (19) [see abovel; 255 (14), 253 (17) [311-309
- C4Hgl; 235 (33), 233 (17) [see abovel; 179 (60), 177 (52), 175 (50)
[see abovel; 153 (64), 151 (53)"[SnSH']; 121 (55), 119 (49) [see abovel;
102 (69); 87 (71); 69 (81); 57 (63); 56 (100); 55 (78), (Figure 10).
Anal. calculated for CogHgsSpSnp : C, 48.76; H, 9.03; S, 8.97. Found :
C, 46.19; H, 8.29; S, 8.29.

p-1,6-Hexyldithiohexa-n-Butylditin(IV) (109d) .

Very viscous, colorless liquid; 1H-NMR (CDC13)  : 0.90 (t, 18H);
1.07-1.83 (br, 44H); 2.53 (t, 4H). 119Sn-NMR : 76.6 ppm. IR (neat) :
2970, 2930, 2860, 1465, 1380 {alkyl), 1300, 1075, 960, 880, 690, 670 (S-
C). Raman (neat) : 844, 646 (S-C), 586, 502 (Sn-C), 358 (Sn-S), 220.
MS (EI, 70 ev, 180°C, ﬁ/z scan from 360 to 800) m/z : 673 (94), 671
(100)3 669 (94) [M* - n-Bu-]; 557 (5), 555 (3), 553 (1) [M* - n-Bu- -

CeH1zSl.  MS (EI, 70 ev, 265°C) m/2 : 501 (15), 499 (17), 497 (12)

[see abovel; 325 (12), 323 (8), 321+(5) [n-BuSnSyCeH;,* and n-BuzsnS*l;
291 (61), 289 (46) [see abovel; 269 (17), 267 (16), 265 (9) [325-323 -

C4Hg and n-Bu,snSH*]; 235 (100), 233 (81) [see abovel; 179 (69), 177

(64), 175(41) [see above], 153 (11),.151 (10) [see abovel; 121 (13), 119°

(9) [see abovel; 57 (8), 55 (8); 41 10). e

v
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“p-1,7-Heptyldithiohexa-n-Butylditin(1V) (109e)

~ Very viscous, colorless liquid; 14-NMR (cpC13) 6 : 0.92 (t, 18H);

~ 1.07-1.80 (br, 46H); 2.55 (t, 4H). I19sn-NMR : 76.5 ppm. IR (neat) -

2960, 2920, 2860, 1465, 1380 (alkyl), 1300, 1070, 960, 875, 690, 665 (S-
C). Raman (neat) : 880, 838, 650 (S-C), 569, 508 (Sn-C), 342, 316 (Sn-

S), 222. MS (EI, 70ev, 220°C, m/z.scan from 300 to 800) m/z : 687

(87), 685 (100), 683 (65) [M* - n-Bus].  MS (EI, 70 eV, 245°C) m/z :
501 (4), 499 (5), 497 (5) [see abovel; 339 (11), 33?’ (7) [n-
Busns,C7H4*1s 291 (59), 289 (43) [see abovel; 283 (15), 281 k10) [339-
337 - C4Hgl; 235 (100), 233 (78) [see above]; 179 (70), 177 (63), 175
(41) [see above]; 153 (13), 151 (10) [see above]l; 121 (141), 119 (8) [see
abovel]; 57 (7); 55 (9); 41 (8). ’

p-l,8-0cty1d1‘thiohexa-_r_i-Bux_ylditin( 1V) (109f)

Viscous, clear, “slight'l).' yellow liquid; lH-NMR (cDCV3)é: 0.93 (t,
18H); 1.08-1.80 (br, 48H); 2.53 (t, 4H): 119sn-NMR : 76.6 ppm. IR
(neat) : 2970, 2930, ..2860, 1460, 13é0 (alkyl), 1300, 1070, 960, 875,

. 685, 665, Raman (neat) : 876, 840, 650"(S-C), 581, 500 (Sn-C), 341,

317 (Sn-S), 219. MS (El, 70 eV, 240°C, m/z scan from 300 to-800) m/z :

701 (91), 699 (100), 697 (73) [MF - n-Bu]. MS (EI, 70 eV, 250°C) m/z

. .t 557 (1), 555 (1), 553 (1) [M* - n-Bu* - CgHyeSli 501 (3), 499 (5).‘497

(3;)‘:[see above]; 353 (13), 351 (8) [2'3U5"52C8H15+]; 323 (7), 321 (6)

’[§?e abovel} 297 (17), 295 (24) [353-351 - CqHgl; 291 (59), 289 (43)

“[see abovel; 235 (100), 233 (73) [see abovel; 179 (60), 177 (63), 175
{53) [see abovel; 153 (16), 151 {12) [see abovel; 121 (10), 119 (7) [see
above]; 57 (5). - i

—
“
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p-I,9-Noqy1dithiohexaiE-Butylditin(IV) (109g) :,
Clear, waxy solid, almost liquid; lH-NMR (CbC13) 6 : 0.93 (t, fBH);
1.05-1.78 (br, 50H); 2.55 (t, 4H). 1195n-NMR : 75.dfﬁpm. IR (neat) : °
2960, 2930, 2860, 1460, 1380 (alkyl), 1300, 1075, 960, 875, 6§0, 665.
Raman (neat) : 879, 835, 652 (S-C), 583, 502 (Sn-C), 340 (Sn=S), 220.
MS (EI, 70eV, 235°C, m/z scan from 300 to 860) m/z ¢ 715 (93), 715
(100), 711 (77) [Mt - n-Bus].  MS (EI,. 70cV, 250°C) m/z : 557 (1), 555
(1), 553 (1) [M¥ - n-Bu- - CqHygS]; 501 (7), 499 (7), 497 (6) [see
abovel; 367 (9), 365 (6) [n-BuSnS,CqHyg*Js 323 (5), 321 (4) [see abovel;
311 (21), 309 (15) [367-365 - C4Hgl; 291 (54), 289 (42) [see above]; 235
(100), 233 (82) [see above];u 179 (69), 177 (67), 175 (39) [see abovéa;
153 (14), 151 (11) [see abovéj?_121 (14), 119 (10) [see abovel; 57 (9);

41 (3). . )

p-1,10-Decyldithiohexa=n-Butylditin(IV) (109h)

Clear, waxy solid, almost’1iquid; H-MMR (CDC13) 8: 0.93 (t, 18H);
1.05-1.80 (br, 52H); 2.56 (t, 4H). 119¢n_NMR :‘ 75.6 ppm.IRb(neat) “
2970, 2930, 2860, 1460, 1375 (alkyl), 1295, 1075, 960, 875, 690, 665;; .
Raman (neat) : 880, 838, 652 (S-C), 580, 502 ($n-C), 343 (Sn-5), 201.
MS (EI, 70eV, 240°C, m/z scan from 300'ﬁ0 800) m/z : 729 (88), 727
(100), 725 (69) [M* - n-Bu]. MS (EI, 70ev, 256°C) m/z : 501 (3),

49944), 497 (2) [see abovel; 381 (6), 379 (4) [n-BuSnSpCigHpg*li 325"~ ~ "
(11), 323 (9) [381-379 - CgHgl; 291 (60), 289 (47) [see abovel; 235
’(100),b 233 (79) [see above]; 179 (51), 177 (52), 175 (45)‘[seé“abovejé

153 (9), 151 (7) [see above]; 121 (7), 119 (6) [see abovel; 57 (4). *..
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4& 2,2-di-n-Butyl-1,3,2-Dithiastannacycloalkanes (110)
) N
A1l of - the dithiastannacycloalkyl systems were /s"‘\
) . iy ~Bu,Sn (CHJa
prepared with the same general procedure. The s—

synthesis of 2,2-d11g-buty1~1,3,2-d1th1asyannacyclohexane (110a) is pre-
sented. To a 500 ml flask equipped with ; Dean-Stark reflux- apparatus
and condenser was added 196 m1 of benzene, 2.44 g (9.80 mmol) of di-n-

’ ’ butyltin oxide and ca. 5 mgiof para-toluenesulfonic acid. To this
solution was further added dropwise at 2 ml/ min 1.06 g (9.80 wmmol,
dissolved in 10m!1 of benzene) of 1,3-propanedithiol; , the concentration
of the so\utyon was 0.05 M. The mixture was refluxed with stirring for T
4 h, Large, white rod shaped crystais precipitated., Concentration of |
the filtrate afforded more large white crystais; both batches of

,' crystals were collected and triturated with cold.benzene. The yi1eld was

3.21 g (97%). A1l other entries (110b-110h) were isolated as thick

liguids or gums by removing solvent 1n vacuo. Attempts to purify these
compounds by chromatography on silica or ;lumina were  unsuccessful,

Vacuum distillation with an oil diffusion pump ( 10"9 mm/Hg ) led to
"decomposition. Yields in all cases approached 100% and spectra wgyé

Faken on these samples. The entire procedure wés repeated for all

A dithiols listed i; a more concentrated solution (~0.20 M in  benzene),
In some cases mass spectrometry of the\d1thiastannacycloalkyls prepared

in the more concentrated solution showed evidence of dimer formation.

In these instances data from both mass spectra are given. -

LalEN

2,2-di-n-Butyl-1,3,2-Dithiastannacy¢lohexane (110a)- ;g oo
Large, white, rod like crystals, 97% yield; mp 65-67 C (Vtt.223 63-
O 64°C).  H-NMR (CDC13) & : 0.93 (t, 6H); 1.20-1.73 (br, 12H); 1.90 (m,

7

. Y




2H); 2.93 (t, 4H),  119sn-NMR.: 149.8 opm. IR (CHC13 soln) : 2970,
2945, 2880, 2860 (alkyl), 1230, 1190, 1070, 700, 630 (S-C). Raman
(neat) : 748, 672, 640 (S-C), 590 (Sn-C), 334, 314 (Sn-S), 238. MS (EI,
70eV, ;55 C) m/z : 340 (1), 338 (1) [M*]; 283 (18), 281 (10) [Mf ;fh-
Butl; 251 (3), 249 (2) [n-BuSnSC3Hg*1; 227 (4), 225 (3) [M* - n-Bu- -
C4Hgl; 57 (17); 56 (43) 41 (94); 39 (33); 29 (100), (Figure 11).
Molecular weight determination calculated for CjiHpqSpSn @ 339.1; found

343, Anal. calculated for C11H24525n : C, 38.96; H, 7.13; S, 18.91.
Found : C, 38.90; H, 7.05; S, 18.87, % :

”» ’\

2,2-di-n-Butyl-1,3,2-Dithiastannacycloheptane (110b)

Opaque thick liquid; IH-NMR (CDC13) 8 : 0.92 (t, 6H); 1.15-1.75

(br, 12H); 1.77-2.03 (br, 4H); 2.73 (t, 4H). 119sn-NMR : 129.5 ppm.

IR }cnc13 soln) : 2980, 2940, 2890, 2860, 1470, 1380 (alkyl), 1230,
1190, 1065, 725, 640 (S:C). Raman (neat) : 652 (S-C), 592, 508 (Sn-C),
346 (Sn-S), 244. Ms (EI, 70eV, 40°C) m/z : 354 (1), 352 (1) [M¥]; 297
(59), 295 (40) [M* - n-Bu-J; 241 (7), 239 (6) [M* - n-Bus - C4Hgl; 57
(35); 86 7(77); 55 (85); 41 (86); 39 (53); 29 (52); 28 (100).

<

2,2-di-n-Butyl-1,3,2-Dithiastannacyclooctane (110c¢)

Opaque, very viscods]iquid; lH-NMR (cDCl3) 6 : 0.93 (¢, 6H);
1.13-1.87 (br, 18H); 2.67 (t, 4H). 119n-NMR : 127.4°ppm. IR (CHCI14
soln) : 2960, 2940, 2860, 2855, 1450, 1370 (alkyl), 1225, 1170, 1070,
730, 670 (s-C). Raman (neat) : 721, 646 (S-C), 592; 508 (Sn-C), 343
(Sn-S), 244, MS (EI, 70eV, 60 C) m/z : 368 (1), 366 (<1) [M¥]; 311
(55), 309 (57) [M* - n-Bu']; 255 (1), 253 (1) [M* - n-Bu* - C4Hgl; 69

“(78); 57 (30); 56 (68) 55 (49);~41 {86); 39 (69); 29 (43{; 28 (100).

-~
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. Figure 11. Mass, Spectrum of 2,2-di-n-Butyl-1,3,2-
Dithiastannacyclohexane (110a).
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" m/z : 475 (4), 473 (5), 471 (3) [see abovel.

-1563-

60°C, scan over M¥ for 0.20 M) m/z : 475 (<1), 473 (<1); 471 (s1) [n~ °

Buzsnys,*l.

le-di-ﬂ-Butyl-1,3,2-Dithiastannacyc1onogane (110d) ‘

Opaque, ‘veny viscous liquid; IH-NMR (CDC13) & : 0.93 (f: 6H) ;
1.17-1.87 (br, 20H); 2.70 (t, 4H). 9sp-nr :* 127.8 ppm.
IR (CHC1; soln) : 2960, 2940, 2880, 2860, 1460, 1380 (alkyl), 1225,
1180, 1075, 675 (S-C). Raman (neat) : 652 (S-C),. 592, 508 (Sn-C), 343
(Sn-S), 223. Ms (EI, 70eV, 75°C) m/z : 325 (38), 323 (32) [M* - n-Bu-l;
269 (20), 267 (24) [M* -.ﬂ;BU' - C4Hgl; 83 (26); 69 (22); 57 (100); 56
ﬂ47); 55 (75); 41 (65); 39 (35); 29 (46); 28 (68).

2,2-di—n-Buty1—1,3,2-Dithiastannacyc1odecane (110e)

i

Opaque, very viscou§‘]1quid; 1H-NMR (cbClz)- 6 : 0.93 (t, 4H);

1.10-1.77 (br, 22H); 2.63 (t, 4H). !19sn-NiR : 127.5 ppm. IR (CHClg

soln) : 2980, 2940, 2880, 2860, 1470, 1380 (alkyl), -1210, 1080, 1060,

[}

.725, 665 (S-C). Raman (neat) : 722, 647 (S-C), 593, 506 (Sn-C), 341

(Sn-S). ''Ms (EI, 70ev, 80°C)m/z : 475 (1), 473 (2), 471 (1) [n-
Bu3sn,S,*1; 339 (71), 337 (47) (MY - n-Bu-]; 283 (36), 281 (35) [M? - n-
Bu* - CaHgl; 97 (55); .69 (23); 57 (52); 56 (77); 55 (100); 41 (91); 39
(72); 29 (44); 28 (81). MS (EI, 70evV, 70°C, scan over M for 0.20 M)

d W

L 4

L

2,2-di-n-Butyl-1,3,2-Dithiastannacycloundecane (110f)

Opaque, highly viscous oil; 14.NMR (CbC13) 6 : 0.92\1(2, 6H) ; ‘

1.10-1.75 (BF, 24H); 2.70 (t, 4H). H9n_NMR  :  127.4 ppm.
IR (CHC13 soln) : 2970, 2940, 2880, 2865, 1460, 1380 (alkyl), 1210,




&

1180, 1070, 750,670 (S-C). Raman (neat) =.715, 647 (S-C), 592, 505
>(Sn-C), 340 (Sn-S), 220. MS (EI, 70eV, 100°C) m/z : 353 (75), 351 (64)

?

[M¥ - n-Bu-1; 297 (26), 295 (32).[M* - n-Bu* - C4qHgl; 69 (69); 57 (35);
1

- n
56 (61); 55 (98); 41 (90); 39 (44); 29 (61); 28 ()J00). MS (EI, 70 eV,

115°C, scan over MY for 0.20 M) m/z ¢ 475 (1), 473 (2), 471 (1) [see -

abovel; 419 (<1), 417 (<1), 415 (<1) [475-471 - CyHg].

2,2-di-n-Butyl-1,3,2-Dithiastannacyclododecane (110g)
Opaque, htghly viscous oil; IH-NMR (CDC13) & : 0.93 (t, 6H); 1.13-

1.77 (br, 26H); 2.63 (t, 4H). 19sn-NMR : 128.0 ppm. IR (CHCl3 soln) :

2980, 2950, 2880, 2860, 1470, 1380 (alkyl), 1190, 1080, 1060, 660 (S-C). .
Ramanl(neat) : 704, 647 (S-C), ‘593, 506 (Sn-C), 341 (Sn-S) . MS (EI, °

70eV, 130°C) m/z : 367 (43), 365 (35) [M* - n-Bu-]; 311 (24), 309 (11)
[Mt - n-Bu- - CqHgl; 83 (39); 69 (44); 57 (34); 56 (53); 55 (67); 43
(78); 41 (100); 39 {54); 29 (37); 28 (62). -MS (EI, 70ev, 125°C, scan

" over MF for 0.20 M) m/z : 475 (3), 473 (3), 471 (2) [see abovel.

2,2-di-E-Buty1:1,3,2—bithiastannacyc]otridecane'jlth)
Opaque, highly viscous oil; lH-NMR (CDCl3) & : 0.92 (t, 6H); 1.13-
1.75 (br, 28H); 2.70 (t, 4H). 119%n_-NMR': 127.8 ppm. IR (CHCl3 soln)
2980, 29603 2880, 2865; 1470, 1380 (alkyl), 1190, 1070, 650 (S-C).
Raman (neat) : 703, 650 (S-C), 595, 506 (Sn-C), 340 (Sn-S), 220. MS
(EF, 70eV, 130°C) m/z : 475 (1), 473 (1), 471 (1) [see abovel; 381 (37),
379 (31) [M¥ - n-Bu:l; 325 (10); 323 (7) [M? - n-Bu* - C4Hgl; 83 (34),
'69 (44), 57 (38), 56 (64); 55 (72), 43 (39), 41 (100), 39 (55), 29 (52);
?8 (85), (Figure 12). MS (EI, 7pgvt 130°C, scan over M¥ for 0.0 M)

-154-

m/z : 475 (2), 473 (3), an (2) [see abovel; 419 (1), 417 (1), 415 (1). - -
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Preparation of Cyclic Disulfides (73) . .

Method A: To 5.0 mmol of ditin compounds (109) in 100 ml of CHaCY 5
(0.05 M) at 0°C was added at 2 ml/min an equimolar amount of O.éO'M Bro
in CHaCly.  This solution was allowed to stir for 5 min. The solution

was quhed with 5% sodium thiosulfate, dried (Mgso47 and evaporated in

vacua, The resultant mixture was placed on aluminum oxide ( ca. 40 g of

alumina per 1 g of impure mixture ) to afford the monomeric disulfide.
Method B: The procedures and work-up conditions of method A were

applied - with a single change, that being the oxidant which was 0.20 M

Method C: To 10.0 mmol of monotin compounds (110) previously
prepared 1in either 0.05 M or 0.20 M solutions) in 100 ml of CHaCl2
(0.10 M) at 0°¢C wgs added at 2 m1/min an equimolar amount of 0.20 M Br,
in CHpClp.  This solution was allowed to stir for 5‘minutes. The solu-

tion was washed with 5% sodium thiosulfate, dried (MgSO,) and evaporated

in  vacuo. The, mixture was placed on aluminum oxide ( ca. 40 g of

alumina per 1 g of impure mixture ) to yield fhe ménomeric disulfide.
Method D: The procedures (for compounds 110 previously prepared in
either 0.05 "M or 0.20 M solutions) and work-up conditions of method C
were applied with a single change, that Being the oxidant whicﬁ Was
0.20 M I, in CHoCl,.
The yields anq gas chromatography retention.times of the , cyclic
disulfides are summarized in Table 23 be]oy following the physical data

Y

for_each in the series. b B
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1,2-Dithiolane (23) ' : . B ;
) o

Fhis cyclic disulfide pofymerized during isolation. The proton NMR

f

spectrum was attained by ox{dizing 2,2-di-n-butyl-1,3,2-dithiastanna-
tyclohexane (109a) with I, in CDC13 on small scale ( 0.214 g in 1ml CDC13,

0.6 M). 1,2-Dithiolane appeared as a yellow solution in CHyClo, CDC13

and hexane; UV (CHpCly) Apa @ 331 nm.  IH-NMR (CDC13) & : 2.05 (m,

2H); 2.95 (br t, 4H).

1,2-Dithiane (74)

White solid; m.p. 30-31°C (1it.71.74 20°, 31-31.5%).. (CHaCl )
Apax : 290 nm. lH-NMR (CDCl3) & : 2.00 (br, 4H); 2.83 (br, 4H).. Raman
(neat) : 659 (S-C), 509 (S-S), 362, 293. MS (EI, 70eV, 40°C) m/z : 120
(78) [M#]; 88 (99) [M* - S1; 87 (32) [M* - SH-J; 73 (9) [M¥ - CHpSH-1;

55 (100) [C4Hy*1; 45 (76) [CHS'D; 41 (34) [C3Hg*].

/152-Dithiepane (75)

- Clear liquid; b.p. 47°C/1.0 mm, nf5 1.5681 (19t.7478 55-60°/1.7
m, n§% 1.569, 1.570). Density : 1.14765 g/ml. UV (CHpClp) Apax
262 nm. lH-NMR'(CDC13) & : 1.97, (m, 6H); 2.83 (t, 4H). Raman (nedt) :

. 638(5-C), 515 (S-S), 461, 344, 275. MS (EI, 70ev, 40°C) m/z : 134 (82)
[M*j; 102 (41) [M¥ --S]; 101 (34) [MY - SH+]; 87 (45) [M? - CHoSH*]; 69
(100) [CsHg*]; 55-(26) [see abovel; 45 (31) [see abovel; 41 (72) [see

abové].

1,2-Dithiacyclooctane (76)
Clear Tiquid; . nf® 1.567 (1it.7% nf® 1.5698). lH-NR (c0013q\$ :
1.47-1.87 (br, 8H); 2.73 (t, 4H). Raman (neat) : 701, 635 (S-C), 509




/

™

\ R -
(s-S), 440, 347, 284, MS (EI, 70ev, 50°C) m/z : 148 {65) [M*¥]; 116 (23)

[M* - s]; 115 (79) [M¥ - SH]; 101 (16) [M* - CHaSH-1; 83 (78) [CgHyy*h;
69 (54) [see above]} 55 (100) [see above]; 45 (28) [see above]l; 41 (71)

- [see above].

¢

1,2-Dithiacyclononane (77)

Clear liquid; nf> 1.5627 (19t.7%:76 ng5 1.5642, 1.5623).. -1H-NMR
| (CDC13) 8 : 1.27-1.87 (br, 10H); 2.67 (t, 4H). Reéman (neat) : 702, 633
_4S-C), 506, 440, 347, 281. MS (EI, 70eV, 120°C) m/z : 162 (31) [Mt1;

,

130 (10) [M* - sJ; 129 (77) [M* - SH-J; 115 (32) [M¥ - CHpSHe; 101 (17)
[M* - CoHgsH-1; 87 (71) [MF - CyHgSH-1; 81 (11) [CgHg*l; 73 (10) [MF -
C4HgSH*1; 69 (15) [see abovel; 67 (18) [CsHy*); 55 (100) [see abovel; 45

(16) [see above]; 41 (54) [see above].

1,2-Dithiacyclodecane (78) L - ,

Slightly yellow Tiquid;  ng5 1.5407 (1it.74 a5 1.5461). lHZNMR
(COC13) & : 1.23-1.93 (br, 12H); 2.70 (t, 4H).- Raman (neat) : 704, 635

. (s-C), 506 (s-S), 440, 347, 278. MS (EI, 70eV, 80°C) m/z : 176 (66)
[Mt]; 144 (21) [M¥ - S1; 143 (56) [M¥ - SH-1; 115 (36) [M* - CoHaSH* 13
101 (62) [M* - C3HgSH-]; 87 (57) [M¥ - CaHgSH-1; 87 (57) [M* -'Q4H8$H-];'
. 81 (40) [see above]; 69 (65) [see above]; 67 (84) [see abovel; 55 (100)
-7 tsee above]; 45 (26) [see aﬂove]; 41 (64) [see above].

1,2-dithiacycloundecane {(79)

White crystals; m.p. 31-34°C. - TH-NMR (CDCT3) & : 1.23-1.48 (br,
10H); 1.50-1.90 (m, 4H); 2.71 (t, 4H). Raman (neat) :.701, 635 (S-C),

506 (S-S), 440, 344, 248. MS (EI, 70eV, 225°C) m/z : 380 (100) [M* of .
.}‘
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Table 23. Isolated Yields (%) of Cyclic Disulfides Prepared- by Halogen Oxidation of
- the Respective p-a,w -Alkyldithiohexa-n-Butylditin(IV) species (109)
: , ° and 2,2-di-n-Butyl-1,3,2-Dithiastannacycloalkanes (110).

Disulfide Ring % Yield from 109 % Yield from 110 % Yield from 110

Size 0.05 M & 0.20 M &
Br, I, Br, ' I, Br, I,
1,2-Dithiolane (23) 5 88 92 97 97 91 93
1,2-Dithiane (74) 6 95 9% 96 96 " 95 - 96
1,2-Dithiepane {75) 7 76 74 80 77 53 . 49
+++ 1,2-Dithiacyclooctane (76) 8 38_ 37 22 26 16 16
1,2-Dithiacyclononane (77) 9 39 42 - 36 31 18 14
1,2-Dithiacyclodecane (78) 10 59 61 45 49 20 21
1,2-Dithiacycloundecane (79) 11 (34)* (38)* (47)* (40)* (34)* (38)*
1,2-Dithiacyclododecane (80) 12 1.5 (61)* (44)f (43)* (39)* (37)*
L ‘(59)*

4 2,2-di-n-Butyl-1,3,2-Dithiastannacycloalkanes (110) Prepared in Benzene Solutions of this
Concentration, o \

* Compounds Isolated as Dimers.

+
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dimer]; 222 (7) [ CgH1853*]; 190 (5) [M* of monomer or iMt of Himerj;

189 (11) [M* of dimer - CgHyg-1; 101 (6) [CgHgs*]; 87 (12) [CqHgSH*]; 83

(3) Lsee abovel; 69 (8) [see above]; 67 (4) [see above]; 55 (18) [see

above]; 45 (3) [see abovel; 41 (15) [see abovel. Molecular weight

determination calculated for dimer CygH3gS4: 380.7; found: 398.

1,2-Dithiacyclododecane (80)

White crystals; m.p. 37-39°C.  lH-nmR (CDCY3) & : 1.23-1.50 (br,

12H); 1.50-1.93 (m, 4H); 2.72 (t, 4H). Raman (neat) : 701, 638 (5-C),

509 (S-S), 344, 260. MS (EI, 70eV, 280°C) m/z : 408 (6) [M* of dimer]:

236 (2) [C10H2053*]; 204 (12) [MY* of monomer or iM* of dwmer]; 171 (3)
[CioH19s*]; 115 (11) [Cghyystls 101 (27) [see abovel; 87 (38} [see
above]; 83 (31) [see above]; 81 (63) [see above]; 69 (30) [see abovel;
67 (77) [see above]; 55 (80) [5ee above]; 41, (100) [see abovel.
Molecular weight determination calculated for dimer CygHggSq : 408.8;
found : 418. Anal. calculated for (CIOHZOSZ)n : C, 58.77; H, 9.86; S,
31.37. Found : C, 58.81; H, 9.74; S, 31.58.

Relative Yields of(Cyc]ic Disulfides (73) Prepared with Thiotins Versus

Prepared Without Thiotins

A standard solution of distilled CH2c12 énd 2% v/v of 2,5-dimethy]

thiophene was prepared and stored in a well stbppered bottle. A1l

oxidations were done using this CHyCl, mixture, with. the . dimethyl
thiophene‘serving as an internal ;paﬁ&ard for GQ énalyses.

. To 0.05 M solufioés of p-a,w-alkyldithiohexa-n-butylditin (IV)
species (109) 1n the CH,Cl, mixtufg wa;'added 1 equivalent of 0.2 M

bromine in CHZC}é<”at 2-ml/min.  The reaction was..done in subdued

o
.

LI
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lighting at 0°C. Once the addition of bromine was complete, 1 },l of
fhe solution was injected in the GC (80-225°C at 20° per min on a 10 m
3% Silicone 0V-101 capillary column).

The cyclic disulfides were prepared without the use of thiotin (IV)
compbunds as follows: to 0.05 M solutions of the respective dithiols in
the CHZCIZ ‘dimethyl thiophene mixture with 2 equivalents of triethyl-
amine was added 1 equivalent of bromine. Addition times, temperature
and concentrations of reactants were similar to . those already
described. The reaction mixture was analysed by GC as above.

Each of the above mentioned reactions were repeated and analysed by
GC. The average respective relative yields, as determined by using 2,5-
dimethyl.thiophene as 1ntefnq] standard (retention time = 0.69-0.70 min

for the conditions described), are presented thus; disulfide, relative

yields: with tin / without tin., 1,2-dithiolane (23)- : 1.8/1. 1,2-

dithiane (74) : 1.1/1. 1,2-dithiepane (75) : 2.7/1. 1,2-d1thiacyclb-l

O

octane (76) : 12/1. 1,2-dithiacyclononane (77) : 10/1. 1,2-dithia-

cyclodecane (78) : 11/1. 1,2-dithiacycloundecane (79) : 8/1. . 1,2-

" dithiacyc)ododecane (80) : 6.5/1.

" of - corresponding concenmtrations of 1,7-heptanedithiol with 1.2

Preparation of 1,2-Dithiacyclononane (77) in Various Solution Concens
Sl ) o : >

~

trations ) —

+

The synthesis of the 9 membered rin§ disulfide (77) was repeated

!

over a series of concentrations (0.50M, 0.10M, 0.05M, diOIM and 0.005M)

using two sets of conditions; these conditions being as before, with tin
- \_.'w

and without tin, The procedures were much the same as those already

_destribed, thus only'a brief sketch is given. Dich]o?omethane.so]utions

N

i
. g,
14

3 - .
- . .
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ﬂ . equivalents of triethylamine were oxidized with 1 equivalent of ine.
Concomitantly, similar concentrations of u-1,7-heptyldithiohexa-n-butyl-
ditin(IV) (109e) were also oxidized with 13équ1va1ent of Bromine. AN
ten solutions contained an equal concentration of 2,5-dimethylthiophene
Which was used as an internal standard for GC analyses. Deduced yields

y ; were obtained by comparing the relative GC 1intensity of the disulfide-
) I \ and the nternal standard tb those of disulfides phat were actually
isolated, these were: 0.05 M with tin, 0.005 M with tin, 0.005 w1£hout

J tin. The yields of (77) prepared with tin were: 0.50 M, 7 %; 0.10 M,

21 %; 0.05 M, 42%; 0.01M, 6¥%; 0.005M, 66 %.” The yirelds of (J7)

prepared without the use of tin were: 0.50 M, no yield; 0.10 M, no

" yield; 0.05 M, 4 %; 0.01 M, 8 %; 0.005 M, 9 %.

e

uTricyclohexyi t-Butylthiotin(I1V) (142)

3 , i : +
. - Preparation of this compound was performed in a A;f::::;77~3;5ns

simijér -fashion as the syqﬁhesis of the tri-n-butyl

L

L]

. alkylthiotins (96) except that tricyclohexyltin ‘chloride " was hsgd
instead of tri-n-butyltin chloride (97). Tr{cyclohexyl t-butylthio-
<. tin(Iv) (142) was obtained as fluffy, white crystals after recrystal-

e

. lization in EtOH in 93% yield; mp 199-200°C. .IH-NMR (CDCI3) & : 1.43
(S’@ 9H); 1.17-2.02 (br, 33H). 1196n-NMR : 148.7 ppm. Raman (neat) :
649 (5-C), 589, 490 (Sn-C), 424, 352, 322 (sn-S), 193. MS (EI, 70eV,

T h65pc)' m/z : 375 (4), 373 (3) [M¥ - CgHyy=J; 369 (1), 367 (1) [M¥ -
5 | C4H85'j; 345 (39), 343 (36); 319 (32), 317 (14) [cycloheﬁylzsnSH+]; 293
E ] (16), 291 (7) [CqHy SnHsBu*]; 205 (18), 203 (30), 201 (28) [CgHy,SnHy*
' and CgHyjsn*l; 181 (21), 179 (38), 177 (28), 175 (23) [CoHgSnS*,

0‘ .~ .- CaHgSnHp™ and G4HgSn*J; 155 (17), 153 (8) [Hpsns*1; 121 (24), 119 (23)

- A
s ' " 4
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[snH*1; 83 (53); 81 (27); 67 (30); 57 (21); 55 (48;'45 (267-TCHS*]; 41
(60); 39 (32); 29 (23); 28 (100).  “Anal. Calculated for 652H4255n : C,
§7.78; H, 9.27; S, 7.0l. Found :'E, 57.69; H, .9.28; S, 7.02,

- N
W -
'y ”

k]
3
% o

Di-n-Butyl di-n-Butylthiotin(IV) (100a) and 8\1{’??-8uty1 Diben;ylth%”o-xl

H

«

tin(1V) I(lOOb)

To a 250 ml round boltto;n flask equipped with a /SR
Dean-Stark reflux apparatus and’ condenser containing .Bu,Sn\SR
8.08 g (32.5 mmol) of di-n-butyltin oxide (111) and ca. 5 mg of p-
. toluenesulfonic acid in 150 ml of benzene was added 5.85 g (65 mmol)
of distilled n-butanethiol. The reaction was refluxed while stirring
for 4 h, ‘The solvent was evaporated and the product was placed underj
vacuum overnight (0.1 to 0.4 mm) to afford 12.85 g (96% yield) of ‘a
thick, (opaque and _ye‘Hovnsh liquid. The product (100a) was used without
further purification. Lo MR (CDC13) & : 0.92 (br t, 12H); 1.20-1.85
(br, 20H); 2.70 (t, 4H). 119Sn-NMR : 127.0 ppm. Raman (neat) : 652 (S-
C), 598, 511 (sn-C), 346 (Sn-5), 241, 211. MS (EI, 70eV, 40°C) m/z :
475 (3), 473 (4), 471 (3) [ﬂ-3u3$nzsz+]; 35 (82), 353 (60) [M* - n-
Bue]; 323 (21), 321 (18) [Mt - n-BuS+*J; 299 (37), 297 (25) (Mt - n-Bu* -
CqHgl; 267 (8), 265 (7) [n-BupSnSH™ and n-BuSn(H)SBu*l; 211 (23), 209
(41), -207 (48) [n-BuSnH,S™ and n-BuSnS*1; 179 (4), 177 (7), 175 (5) [n-

BuSnH,* and n-Busn*1; 155 (20), 153 (40}, 151 (59) [HoSnSH® and SnSH™D;
121 (7), 119 (5) [SnH*]; 57 (70); 56 (58); 55 (38); 41 (77); 39 (35); 29
" (57); 28 (100). | ‘
di-p_-Butj'] dibenzylthiotin(IV) (100b), prepared in a simlar

fashion, was a very viscous, clear and yellow liquid; it too was used

( without further puriflca'tjron. The yield of the crude compound was 98%.

™ .




© (8);-28 (24).

and 4 ml (28.7 mmol) of fresh triethylamine in 150 ml

allowed to stir for 3 h., ' The triethylamine hydro-

s

- {
.
)

: 0.87 (t, 6H); 1.07-1.60 (br, 12H); 3.90 (s, 4H); 7.27

(

1H-NR (CDCI3) )
(br, 10H). 11936—NMR~: 125.6 ppm. Raman (neat) : 652 (S-C), 598, 511
(Sn-C), 337 (Sn-S), 244. MS (EI, 70eV, 55°C) m/z : 475 (2), 473 (3),
471 (2) [n-BugSnpS,™l; 423 (2), 421 (1) [MF - n-Bu-1; 357 (2), 355 (1)

tﬁ78u25n5C7H7+]; 267 (3), 265 (2) [Q~8u25nSH+]; 211 (1), 209 (1) [n-

BuSnH25+]; 179 (1), 177 (2), 175 (1) [ﬂ-BuSnH2+ and g;Ban+]; 155 (2), -

153 (3). 151 (2) [HpSnSH* and SnSH*J; 123 (10), 121 (8) [sSnH3*l; 91

' (100) [C7H;*); 65 (17); 57 (12); 56 (10); 45 (17); 41 (15); 39 (16); 29

.

Tetra-n-Butylthiotin(IV) (103a) and Tetrabenzylthiotin(IV) (103b)

b

Te 2.37 g (26.3 mmol) of distilled n-butanethiol gus sBu
y . En/

/' \

BuS® 'SBu

of (Cl4 was added dropwise 0.75 ml (6.5 mmol, slightly
®CH,S  SCH,¢
less than 1/4 equivalent ) of SnCly,  The reaction was S

ocH,s’ ‘sCHe'
chloride sait was collected, the filtrate washed with 5% acetic acid,
dried (MgSOa), the solvent evaporated in vacuo and the product was
placed under vacuum (O.Ifto 0.4 mm) overnight. Tetra-n-butylthiotin(IV)
(103a) was obtained as a yellow and very thick liquid, 2.84 g (91%
yield); IH-NMR (CDC13) & : 0.90 (br t, 12H); 1.10-1.80 (br, 16H); 2.77
(t, 84). 119sn-NMR (215 mg or 0.05 M in CDCl13) : 130.5 ppm. Raman

. (neat) : 643 (S-C), 355, 346 (Sn-S). MS (EI, 70ev, 90°C) m/z : 476

(2), 474 (1) [M*]; 387b(3), 385 (3) [M* - n-BuS-]; 297 (3), 295 (3) [M*
- n-BuS* - C4Hgl; 178 (23) [(CqHgS)p*]; 122 (28) [178 - C4Hgl; 90 (47)
[n-BusHt]; 56 (80); 41 (100); 37 (44); 29 (33).

Tetrabenzylthiotin(1V) (103b) was similarly acquired in 88% yield

-164-




as a yellowish and highly viscous liquid; L!H-NMR (CDC13) é : 3.87 (s,

84); 7.10-7.35 (br, 20H). 19sn-NMR (130 mg or 0.03 M in CDC13) : 139.2 '

._ppm.  Raman (neat) : 685 (S-C), 349, 340 (Sn-S). MS (EI, 70ev, 75°C_)
m/z : 612 (2), 610 (1) [M*]; 489 (3), 487 (2) [M¥ - CyH7S-]; 246 (4)
[(C7H7S)2%]5 124 (11) [CyH7SHE]; 91 (100); 65 (30); 51 (21).

e

" Di-n-Butyl Disulfide (6b) and Dibenzyl Disulfide (6a) from their’

‘ Respective Di and Tetrathiotin(IV) Compounds

The disulfides were prepared by oxidizing dichloromethane soTutions
of  the appropriate tin compounds with concentrated solutions of Bro in
CHpClp.  The reactions and workup procedures were carried out in a
lsimi'lar way to that which was described earlier for the synthesis of
symmetrical disulfides from tri-n-butyl alkylthiotin(IV) derivatives,
thus only a brief outline is given. di-n-Butyl disulfide was prepared by
the addition of 1 equivalent of Br, to di-n-butyl di-n-butylthiotin(IV)
(100a) or 2 equivalents of Brp to tetra-n-butylthiotin(IV) (103a), the
xig]ds of the disulfide were 94% and 80% respectively. Dibenzyl
disulfide was obtained in 96% yield from di-n-butyl dibenzylthiotin(IV)

. (100b) and in 74% yield from tetrabenzylthiotin(IV) (103b).

1,4,6,9-Tetrathia-5-Stannaspiro[4,4]nonane (146)

0
To1lml (16.5 mmol) of distilled 1,2-ethanedithiol [:5\ /5]
Sn
and 4.8 m  (34.4 mmol) of triethylamine in 100 ml of s’ s

CCly was added dropwise 0.95 ml (8.1 mmol, slightly less than 1/2
equivalent ) of tin tetrachloride (99). The reaction was allowed to
stir overnight then the mixture was filtered, the filtrate washed with

|

5% acetic acid and the solvent removed in vacuo to afford a white solid.

N
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This solid was recrystallized in CHpClp; the mother Tiquor was coliected
and concentrated, the resultant solid was also recrystallized. The
combined yield was 0.74 g (30%) of white needles; mp 184-185°C (11t.118,
223 180°, 182-183%). lH-NMR (CDCI3) & : 3.20 (s). !19sn-NMR (310 mg or
0.08 M in CDC13) : 279.2 ppm.  Raman (neat) : 727, 691, 649 (S-C), 539
(Sn-s), 241, 196. Ms (EI, 70eV, 145°C) m/z : 304 (63), 302 (40) [M*];
212 (47), 211 (29), 210 (31), 209 (18) [CoH4SpSn¥ and CoH3SpSn*1; 184
(58), 182.(44) [Spsn*]; 153 (17), 151 (31) [SnSH*J; 92 (100) [CpHaS,pl;
64 (36) [Sy'1; 60 (54) [CoHgST1; 59 (44) [CpH3S*1; 45 (40) [CHS*1; no

evidence of dimer; no evidence of S5g-

Kinetic Studies

The uptake of the violet iodife color (A... 520) as it was added
to tri-n-butyl phenylthiotin(1V) (96g) was monmitored with a stopped-flow
apparatus. The iodine solution was 1.57 x 10~4 M 1n CHyClo; the:thiotin
reagent concentration was 1.50 x 10-3 M in CHyCly. The procedure was
carried out at ambient temperature, 22°C. The reaction was too fast for
the stopped-flow apparatus; scans were taken every 0.005 s. ‘ .

A similar experiment to the one described above was carried out
with 1.57 x 1074 M 1, in isooctane and 1.15 x 1073 M tricyclohexyl t-
butylthiotin(IV) (142) also i1n 1sooctane. The temperature was ca. 22°C
and the instrument scanned every 0.005 s, Once again the reaction was
too fast to be measured by the stopped-flow.

The production of 1,2-dithiolane (23) [UV, A ;4 330 ,nm] via the
iodine oxidation of u-1,3-propyldithiohexa-n-butylditin(IV) (109a) was

observed with a Diode Array Spectrophotometer. The dithioditin reagent

in isooctane was added to a cuvette and placed into the spectrophoto-
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meter. A known amount of iodine in isooctane was then added directly
into the tin-sulfur solution with Pasteur pipette; in this fashion
mixing was immediate. The total time for addition of the iodine and the
start of acquisitions was ca. 1 s. The final concentration of u-1,3-
propyldithiohexa-n-butylditin(IV) (109a) was 2.42 x 10~5 M, the final
concentration of the iodine 3.33 x 106 M. The spectra were taken at
21°C. The full intensity of the peak at 330 nm was seen 1mmediate1&;
The .experiment was repeated with fhe temperature at -20°C; once again

the full amount of 1,2-dithiolane (23) showed immediately.

S

119¢,_NMR of di-n-Butyltin Dibromide (143) and di»fi-Butyltin Diiodide

144 -
To 250 mg of di-n-butyl di-n-butylithiotin(1V)
(100a) in 20 “ml of CCl4/CDCl; was added dropwise -Bu.Sd:B'
Bry/CCl4 unt11  the red-brown bromine color persisted. o
To this solution was then added just enough of (100a) Bu.s /|
s0 as to get a clearing of the red-brown color. The o q“

addition of Abromine 'was highly exothermic and care was required td
prevent frothing.  119sn.NMR (131 mg or 0.03 M in CDC13/CCl,) : 88.4
ppm. ) ' -

di-n-Butyltin diiodide (144) was similarly prepared. The reaction
was not as noticeably exothermic.- 1950 _nNMR (105 mg or 0.03 M ir
CDC13/CCl4) : -54.6 ppm.

Three peaks were noted in the 119n-NMR of the reaction of IBr to
(100a), these were: 88.7 ppm, 22.1ppm, -57.7 ppm.

Each of these two compounds could be preéared in the same fashion

using. di-n-butyl dibenzylthiotin(IV) (100b). X , a

t
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" Reaction of di-n-Butyl Dialkylthiotin(iV) with Brp/Ip or.1Br

To  di-n-butyl di-n-butyithiotin(IV) (100a) was added 3 different

amounts of 1:1 molar Bro/I» mixture in CHpClp.  These amounts were : a)

a total of 1 mole of oxidant per mole of (100a); b) a total of 1} mole
of total oxidant per mole of (100a); c) a-small excess of 2 moles of

total oxidant per mole of (100a). This experiment was repeated fér

d11  three sums with IBr dissolved in CHpClp. A1l six reactions were

Imonitored by 11950 NMR (CDC]3/CH2C12), the results of which are given

below in Table 24 (this-is a duplicate of Table 16 in the discussion

section).

Table 24, 1195p_NMR Data for the Reactions of di-n-Buty]

Dialkylthiotin with Brp/Ip oOr IBr.

Oxidant Total Amount of Oxidant

1 mole .13 moles . XS of 2 moles
88.5 ppm (27%) 88.4 ppm (50%) 86.4 ppm (100%)

Iz/Brz 22.4 ppm (45%) 21.7 ppm (44%)

-56.7 ppm (28%) -59.1 ppm (6%)

b
89.6 ppm (25%) °~  88.0 ppm (43%) 88.9 ppm (100%)
IBr 21.5 ppm (50%) 22.2 ppm (46%) )
-58.4 ppm (25%) -55.7 ppm (11%)

%

-168-




" Reaction of di-n-Butyltin Diiodide with di-n-Butyltin Dibromide

Di-n-butyltin diiodide (144) and di-n-butyltin ‘dibromide (143) were

“each separately prepared by adding I, or Brp to two samples of 100 mg of

di—g}butyl di-n-butylthiotin(IV) (loba) in 5 ml of CDCT3/CH2c12, The

‘two solutions were combined into a 10 mm NMR tube and a 119$n-NMR_ was

taken; the acquisitibn took 90 min. 119sn-NMR (CDC]3/CH2c12) : 88.3 ppm

(26%); 23.4 ppm (51%); -57.0 ppm (23%).

Competition Reactions .

tri-n-Butyl ‘gﬁgfbutylphepylthiotin(IV) (96i) [96% yield, lH-NMR
(CDC13) & : 0.87 (t, 9H); 1.00-1.87 (br, 27H); 7.23 (d of d, 4H);
119Sn-NMR‘: 82.6 ppm], tri-n-butyl E;to?ylthiotin(ly) (963) [98% yield,
I4-NMR (CDC13) & : 0.90 (t, 9H); 1.03-1.73 (br, 18H); 2.30 (s, 3H);
6.93-7.46 (d of d, 4H); 119sn-NMR : 79.7 ppm], tri-n-butyl p-fluoro-
phenylthintin(IV) (96k) [95% yield, IH-NMR (CDC13) & : 0.90 (t, 9H);
1,03-1.80 (br, 18H); 6.73-7.50 (br d of d, 4H); 19sn-nMR : 82.3 ppm],
tri-n-butyl Q-chloropheny]thio%in(IV) (961) [98% yield, 14-NMR (CDC13)
§: 0.90 (t, 9H); 1.03-1.73 (br, 18H); 7.23 (d of d, 4H); 119n-NMR :
80.7 ppm] and tri-n-butyl m-trifluoromethylphenylthiotin(IV) (96m) [96%
yield, IH-NMR (COCl3) & : 0.90 (t, 9H); 1.07-1.83 (br, 18H); 7.13-7.73

(br, 4H); 119¢n_NMR : 85.2 ppm] were all prepared from their respective -

distilled thiols and tri-n-butyltin chloride in a fashion that has been
described (page 137). They, along with tri-n-butyl phenylthiotin(IV)
(e6h) were used in the competitive study; The relative GC sensitivities
for the respective disulfides .was determined by mixing equimo]gr amounts

of all six arylthiotins, adding a slight excess of six equivalents of

iodine and injecting this solution into the GC; it was assumed that the
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yiélds of all disulfides would approach 100%. . The GC retention times
(80-225°C, 20°/min, 0.7 kg/cm?, 10 m OV-101 capillary column) for the
disulfides (R-PhS),, were : R = E—_t_-but‘yl ,(10.49; R = p-methyl, 7.26;
R=H, 6.52; R =p-fluoro, 6.00; R = p-chl éo, 8.1; R = m-trifluoro-

=
‘methyl, 5.54.  For clarity the arythiotins will herewn bé called A, B, -

C, D, E and F; the sequence following the sequence presented for the GC
retention times of the disulfides.

The competition reactions were carq&ed out by adding> 1/2 equiva-
lents of ibdine, in CHpClp, to a vial containing 1 equivalent each of A
and B in CHpCl,; after quickly shaking the vial, the solution was
injected into the GC.  The process was repeated for a vial containing 1

equivalent each of A and C. This was also carried out for A and_ D, A

" and E, -and A and F. The ratios of disulfide formed, B vs. A, C vs. A

and so on was then determined. The log of these ratios was then plbtted
against o; the ratio of Avs. A was taken to be 1.00, thus six points
could be plotted. The entire procedure was repeated so-as to be able to

plot ratios against B, against C, D, E and F.

The ratios of disulfide formed were:

A vs. B vs: C\v#. D vs, ' E vs. F vs.

A L0882 787 .69 .670 .460
B 1.17 1.00 2903 .850 1.43 .560
¢ 1.2 1.11 1.00 .890 .939 .633
D 1.4 1.18 1.12 1.00 1.13 780
E 1.49 700 1.07 .890 1.00 .670

F 2.17 1.80 1.58 1.28 1.50 1.00

~170-
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The determ%ned valuesf?orp were: from plot vs. A, -0.53; vs. B,
ﬁ59,48; vs. -C, -0.45; vs. D, -0.37; vs. E, -0.40; vs. F, -0.45, The

average value for o was -0.45. d

Preparation of Sulfinyl Chlorides (129) °

n-Butanesulfinyl " chloride (129b) and benzenesulfinyl chloride

(129¢c) were prepared in the fashion described by Douglass and Nortonl94;

phenylmethénesulfiny] chloride (129a) was similarly prepared as follows:

a mixture qf 19.9 g (0.081 mol) of benzyl disulfide and 16.5 g (0.162

"mol) of freshly distilled acetic anhydride was cooled to -10°¢ (dry 1ce

in ethylene glycol) and chlorinated. The setup included two 1 1 NapSp03

solution traps to catch excess chlorine. Although the disulfide did

§
not dissolve in the anhydride, chlorination converted it to the sulfinyl

chloride and'céused the mxture to liquify. With the additioé of Cl,
the mixture became orange and then é]eared, before the solution was
fully clear it began to turn greenish yellow indicating an excess of
chlorine and addition of the gas was ceased. The so]utjon was evapo-
rated in vacuo (10 mm, 40°C) until boiling stopped to remove excess
chliorine and acetyl chloride. The pale amber proéuct (96%) was stable
for several months when stored in the freezer; IH-NMR (CDCI3) & :" 4,50
(s, '2H); 7.30 (s, 5H). IR (CHCl3 soln) : 3100, 3080, 2970, 1500, 1460,
1380 (alkyl and aryl), 1150 (S-0), 910, 870, 690, 655 (s-C).

.Q-Buta;ésulfinyl chloride (129b) 91% yield, slightly yellow. Iy~
NMR (CDCl3) & : 1,00 (t, 3H); 1.2;-2.17 (br, 4H); 3.47 (t, 2H). IR
(CHC13 soln) : 2960, 2940, 2870, 1460, 1385 (alkyl), 1145 (S-0), 915,
700, 655 (S-C). ‘
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Benzenesulfinyl chloride (129c) 98% yield, amber. LlH-NMR (CDC13)
8: 1.50-7.73 (br, 3H); 7.80-8.03 (br, 2H). IR (CHClj soln) : 3080,

. t;;a

1580, 1445 (aryl), 1145 (S-0), 1180, 910, 865, 690, 650 (S-C).

-

Reaction of Sulfinyl Chlorides with tri-n-Butyltin Lithium

This reaction afforded the respective symmetrical thiosulfonates;
the use of benzenesulfinyl chloride‘(129c) to prepare phenyl benzene-
thiosulfonate (8c) is presented. To 1.74 g (10.8 mmol) of benzenesul-
f?hyl chloride (1?9c) in 10 m1 of THF gnder nitrogen at ca. -718°¢c was:‘
added dropwise 5.5 ml of 1 M tri-n-butyltin lithium (155). The reaction
warmed to -25° while stirring for 20 min. The solvent was evaporated in

vacuo and the mixture was taken up in CHpClz from which LiCl precip-
‘itated. After filtering the“sa1t and évaporating the solvent the
resultant o0il was purified on 2;5 g of silica (hexanes/dichloromethane
3:1, wusing flash conditions) £o yield 2.02g (75% ;1éT?3 of pheny)
benzenethiosulfonate (8c) as white crystals; mp 41-43°C (]ft.189'?24 42-
43°, 45°). iH-NMR (CDC13) & : 7.17-7.57 (br). 13C-NMR (CDC13) ppm :
125.2, 127.5, 127.8, 128.8, 128.9, 129.4, 131.4, 133.7, 136.6, 142.9.
IR (CHCI3 soln) : 3090, 3030, 1520, 1440 (aryl), 1325 (SUp), 1140
(502), 1060, 775, 700, 660.
Benzyl phenylmethanethiosulfonate (8a) was obtained 1n 86% yfeld as
white crystals; mp 102-104°C (1it.225 106°), lH-MR (CDC13) 6 : 4.01 (s,
2H); 4.27 (s, 2H); 7.17-7.53 (br, 10H). 13C-NMR (CDCl4) ppm : 41.0,
69.1, 127.4, 128.0, 128.8, 129.3, 129.5, 130.1, 130.6, 131.3, 134.4,
135.1. IR (CHC13 soln) : 3090, 2850, 1515, 1460 (alkyl and aryl), 1335

(S05), 1145 (S0,), 1055, 760, 695, 650.
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n-Butyl n-butanethiosulfonate (8b) was obtained as a clear 1liquid
in 84% yield;  IW-NMR (COCI3) 6: 0.97 (br t, G6H); 1.07-2.00 (br, 8H);
3.10 and 3.23 (pair of triplets, total 4H). 13C-NMR (CDC13) ppm: 13.4,
13.5, 21.3, 21.7, 25.5, 31.6, 35.9, 62.4. IR (CHC13 soln) : 2960, 2930,

2870, 1450, 1380 (alRyl), 1335 (S0,), 1145 (S0,), 1040, 675.

/

Ch;raéterization.of d@iﬂ:B?ty{ ric-Disul foxide (154)

The apparatus depic:ced in Figure 13 on the next oo
page was used to characterize Jd1-n-butyl vic-disulfoxide
(154). n-Butanesulfinyl chloride (129b), 0.715 g (5.1 mmol) in 3 m} of

o
-

CDCl3. (with ca. 1% TMS), was addedco vessel A . To flask B was added |
2.5ml (2.7 mmol) of 1.08 M solution of tfitgfbutyltin lTithium (155) in
THF, Both of these solutions were allowed to equilibrate to —60°c. The
solhtion in flask A was then‘sucked into flask B by way of C with a

%aCUum which was controlled by a three-way stopcock D. The resultant .

mixture was stirred for 3-5 min before it was sucked (by way of C) into

a cooled fritted funnel E. The filtrate was then collected into a
cooled NMR tube F by opening stopcock G and adjusting stopcock D so as
to apply suction at the adapter assembly H. Immediately after  the
filtration the NMR tube was then brought in a dewar to the NMR
instrument; the spinning turbine and the NMR probe were previously
cooled to -60°C. The reagents, fritted funnel and NMR tube were all
cooled ‘;o ca. —60°C using CHC13/C0, slush baths. 13c.NMR gave the
following results which are reported in ppm: at -55°C; 59.1, 59.23 60.5,
62.6 (br), 65.1 (br). At —40°C, 90 min after filtration; 62.9 (br).
Increaging the temperature in 10-15° ipcrements showed the presence of

one narrow peak at ca. 62.9 ppm.



Figure 13.  Apparatus used to Characterize di-n-Butyl
vic-Disulfoxide (154)..
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Repeating the experiment gave similar results except that that in

tﬁis run the peaks at 59,1 and 65.1 were of greaté} relative intensity

LY

whereas.peaks 59.7 and 60.5 were of lesser relative inténsity.

=175-
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Attempts in obtaining 14.NMR data of: this sort of experiment were -

unsuccessful  due the presence of large resonances fﬁom,the protons on
THF.  Similar difficulties were encountered with attempts to obtain
either cold temperature LlH-NMR or 13c_NMR data using pﬁehyﬁ@gthane-

" sulfinyl chioride (129a) and_triigfbufyltin lithium 1155)."

Benzyl n-Butanethiosulfonate and Benzyl Phenylmethanethiosulfopate

To a solution of 0.78 g (1.8 mmol) of tri-n-butyl benzylthiotin(IV)
(96a) and 0.30 g (1.8 mmol) of_g-butaneéulfonyi chloride (152b) .in 4 mil
of CHCl3; was added 2 equivaients of TiCly ( 0.17 ml). The solution
turned dark orange with the addition of the titanium tetrachloride. The
reaction was allowed to stir for 15 mfnr at ‘room temperature. The
solution was quenched by adding ca. 200 mg of sodium bicarbonate
followed by . a dropwise addition of distilled water. The water was

added carefully so as to avoid excessive effervescence, about 1.5-2.0 ml

of water was added. The mixture was filtered over celite, separated and

washed once with distilled water before the solvent wag removed in vacuo

~

to afford wan 0il.  The tri-np-butyltin derivative of tﬁé\wgiffion was
partially removed using the procedure of Leibner and Jacobuszzs; the oil
which was taken up in 2-3 ml of diethyl ether and 4 ml of saturated KF,
was allowed to stir for 10 min, fine white crystals of tri-n-butyltin

fluoride precipitated and these were filtered. The filtrate was concen-

trated and placed on ca. 35 g of silica and eluted with hexanes/ dichlo-

-

e

x




.. romethane (3:1) to yielq the pure thiosul fonate. Benzy!l phenylmethané-

‘thiosul fonate was similarly prepared.

' -~
Benzyl n-butanethiosulfonate (152), 34 %. IH-NMR (COC13) & : 0.93

{t, 3H); 1.10-2.00.(br, 4H); 3.27 (t, 2H); 3.97 (s, 2H); %.20 (s, 5H).

IR (CHCY3 soln) : 3169, 2960, 2870, 1510, 1450, 1375 (alkyl and aryl),.

1335 (S0,), 1145 (S0,), 1060, .755, 700, 660.
Benzyl phenyimethanethipsu]fonate (8), 39 %; white-‘561id, mp
103.5-108°C (14t.225 106°). IH-NMR (CDCl3) & : 4.37 (s, 2H); 7.27-7.70

(br,” 10H). IR (CHCl3 soln) :-3100, 2860, 1520, 1460 (alky) and aryl),

1335 (S05)., 1145 (S0p), 760, 695; 650.

Beﬁzyl: phenylmethanethiosulfonate (8a) from Dibenzyl Disulfide and

Phenylmethanesul fonyl chloride

To 0.296fg (1.20 mmol) of dibenzyl disulfide in 4 ml of CDCl3 was

fliadded 0.231 g (1.2 mmol) of phenylmethanesulfonyl chloride was addéd 2.4

ml of 1M Tip]a in CDC13. The reaction was allowed to stir for 20)min
. §
at room temperature. The reaction mixture was placed into an NMR'" tube

and a 119sn-NMR spectrum was attained: 155.7 ppm.

[

" The reaction was repeated, dhenched and worked up as above to

obtain benzyl phenylmethanethiosulfonate (8a), 31 %; mp 104-106°c2

Oxidation of Thiotins with TiClg

To .500 g (1.2 mmol) of tri-n-butyl benzylthiotin(1V) (96a) in. 4 ml

- of CDCl3 was added 2.4 m (2.4 mmol) of 1.0 M TiClg fin CDCl3. " The

reactioh was allowed -to stir for 1 min before 1t was quenched with

Na,CO3. A 1195, . NMR spectrum of the reaction showed a peak at 156.2 ppm;

proton NYM.R showed the presence of dibenzyl disulfide; the Teaction

-

e
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& ' mixture \was concentrated and placed on ca. 50 g of silica and eluted
' with hexanes/dichloromethane  (3:1). The disulfide was obtained,
0,280 (95 %), GC was homogeneous, retention time 7.45 min; RT of
authentic sample, 7.44 min.' LH-NMR (CDC13) & : 3.56 (s, 2H); 7.20 (s,
5H). ‘
p-1,4-Butyldithiohexa-n-butylditin(IvV) (109b), .838 g (1.2 mmol)
was similarly reacted with 2.4 ml (2.4 mmol) of 1.0 M TiCi4 for 1 min. *
After typical work up procedures, 0.134 g (93 %) of the cyclic
disulfide, 1,2-dithvane (74), was obtained; GC was homogeneous,

retention time 1.39 min; RT of authentic sample, 1.36 min. Lo NMR

(cbC1y) 6 : 2.00 (br, 4H); 2.83 (br, 4H).

S-tri-n-Butylstannyl Methylthioglycolate (165)

v

#
To a 250 ml1 round bottom flask containing 100 ml
-Bu’sn’s
of (CCl4 was added 1.69 g (16.0 mmol) of freshly CH,COOCH,

o

distilled methylthioglycolate, 2.30 m1 (16.5 mmol) of
distilled triethylamine and 4.50 ml (16.0 mmol) of 96% tri -n-butyltin

chloride. The reaction mixture which had turned deep yellow was

a

allowed to stir vigorously for 4 h. The re'su_ltant tr]ethylamn% hydro-

chloride salt was collected and the filtrate was washed with 5% aceg«)ic u

0 ¢
"acid, dried (MgSO,), evaporated in vacuo and then evaciated (0.4 mm)

overnight. 14-NMR showed some impurity (ies) and 11950 NMR showed two

peaks, 84.7 ppm :and 104.4 ppm with relative intensities of ca. 9:1.

v

The mixture was purified on ca. 200.g of flash grade silica
)J“h

with hexanes/dichloromethane/ethanol (7:2:1) to afford a slightly yellow

..and eluted

liquid (0.532 g) and a second fraction: 5.17 g (82%) of S-tri-n-butyl- © @

O ‘ stannyl methylthioglycolate (165) as a deep yellow liquid.
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‘[: First fraction, yellowish liquid; IH-NMR (CDC13) & : 0.90 (t, 9H);
. 1.07-1.73 (br, 18H); 2.01 (s, 3H). 119sn_NMR (CDC13) : 104.5 ppm. MS
(EI, 70ev, 40°C) m/z : 293 (100), 291 (60); 289 (63) [M¥ - C,Hg* and
-'_2-8u35n+3; 253 (34), 251 (20), 249 (19) [n-Bu,SnOH*1; 235 (5), 233 (8)
[g-BuggnH+]; 179 (84), 177 (78), 175 (69) [n-BuSnH,* and n-BuSn*1; 139
(20), 137 {25)5=-135 (30) [HoSnOH+* and SnOH']; 121 (27), 119 (38)

[snH*]; 57 (25). o
Second fraction; lH-NMR (CDC13) & : 0.93 (t, OH); 1.10-1.83 (br,
18H); 3.27 (s, 2H); 3.70 (s, 3H). 119n-nme (CDC13) : 84.9 ppm. MS
“L‘| (EI, 70eV, 40°C) m/z : 339 (37), 337 (39), 335 (9) [Mt - n-Bu* and M¥ -
) | CH3EQO-]; 291 (38), 289 (13) [n-BuzSn*l; 269 (87), 267 (89), 265 (47)
- [M* - CH3+ - C4Hg and  n-BupSnsH*l; 213 (39), 211 (15) 209 (9)
6 \‘_[H3SnSCH2C00+ and‘g;BuHZSn§+]; 179 (32), 177 .(65), 175 (44) [_n_-BuSnH2+
and 3—8u5n+]; 155 (44), 153 (d%), 151 (17) [HpSnSH* and SnSH*]; 121

(40), 119 (47) [SnH']; 57 (49); 56 (45); 47 (30); 41 (100).

The first fraction was'triﬁﬂ-buty1t1n methoxide- (166); see further

experimental and discussions. An analysis of the amount of tri-n-

butyltin methoxide (166) formed as a side product could be determined by

using the H-NMR signal at 2.01 ppm (OCH3) of the crude mix. In this
instance there was 11% of the tin alkoxide producedg The proton spectra
of a similar reaction which was allowed to st1; for 1 h showed that 7%
of thé tin alkoxide was generated, however 119Sn-NMR showed & peak at
155.3 ppm (ca. 15% , n-Bu3SnCl) indicating the reaction was not
v complete. Allowing the reaction to stir overnight yielded 14% of the

Q 1
A tin alkoxide with no residual tri-n-butyltin chloride.




Tri-n=Butyltin Methoxide (166)

Thé tri-p-butyltin alkoxide was synthesized by aldowing 1.0 ml (3.5‘ -

’mmo]) of tri-n-butyltin chloride and 0.5 ml (3.6 mmol) of trieth_ylamir;e
to stir in 50 ml of methanol for 4 h. The meture was washed twice with
5% acetic acid e;nd then with distilled water. The s‘olution was then”
dried (MgSO,) and revaporated in vacuo to afford an orange 1liquid; bp
125°C/ 0.1 mm (1it.227 97-97.5°/ 0.06 nm, 1it.228 75-78°/ 0.25 mm): lH-
NMR (CDCi3) & : 0.92 (t, 9H); 1.10-1.73 (bry 18H); 2.03 (s, 3H). 119sﬁl
NMR (CDCl3) : 104.5 ppnm. ’

N-t-Butyloxycarbonyl-L-Cysteine Ethyl Ester (168)

¢! .
The N-t-butyloxycarbonyl (BOC) protected aminQ- /s”'l

acid was prepared 11n a fashion similar to  that ‘Buo\\CN:\;‘;{COOEQ'
presented by Itoh, Hagiwara and Kamiya.205 To 14.5 g (78.3 mmol) of L-
cysteine ethyl eSter hydrochloride (169), '11.0 ml {(79.0 mmol) of tri-
ethylamine was added 17.1 g*(78.3 mmol) of 2-(t-butyloxycarbonyl-
oxyimino)-2-phenylacetonitrile (BOC-ON), these were allowed to stir in
250 ml of CHoCl, at Ooé for 8 h. The resultant triethylar;nne hydro-
chloride salt was removed by filtration and the fdﬂtrate was washed wlth‘
5% acetic acid, washed in. 5% NaHCO3, dried (r.4§SO4) and evaporated 1n
© vacuo to afford 16.5 g (85%) of a v:}cous liguid; sodium mtroprusside
test for thiols: positive, 1H7NMR (CDC13) & : 1.30 (t, 3H); 1.47 (s and
m 10H); 2.87-3.10 (d of d, 2H); 4.27 (g, 2H); 4.50 (m, 1H); 5.37-5.63
{br, 1H). MS (EI, 70eV, 35°C) m/z : 193 (28) [Mt - CqHgl; 176 (21) [M?
- CqHg0°J; 132 (37) [CqHgNO,ST]; 76 (44) [CoHgNSH'I; 74 (24) [76 - Hy

and/or t-BuOH1; 59 (45) [CpHpSH']; 57 (100).
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S-tri-n-Butylstannyl-N-t-Butyloxycarbony]-L:Cysteine Ethyl Ester (167)
' «Bu,Sns
o  CH,
(168) and 2.4.ml (17 mmol) of triethylamine in 200 mI -BuOC NHEHCOOE
f ¢,

To 4.00 g (16.1) of N-BOC-L-cysteine ethyl ester

of CCly was added 4.50 m1 (16.1 mmol) of 96% tri-n-butyltin chloride.
The 'reaction was allowed to stir overnight at room temperature.-——The
triethylamine hydrochloride salt was filtered, the filtrate was washed
with 5% acetic acid, dried-(MgSO4), evaporated in vacuo and evacuated
(0.4-0.4 mm overnightl to give a wax. This wax was placed on ca. 250 ¢
of silica and eluted with hexanes/dichloromethane/ethanol (7:2:1) for a
quitk purification to again afford a colorless wax, 7.87 g (91% yield).
I4-NMR (CDC13) & : 0.90 (t, 9H); 1.10-1.73 (s and br, total 30H); 2.93-
2,05 (d of d, 2H); 4.20 (q, 2H); 4.50 (m, 1H); 5.27-5.50 (br, 1H).
11950-NMR (CDCL3) : 86.3 ppm. Raman (neat) : 862, 659, 616 (S-C), 579,
505 (Sn-S), 314 (S-C), 216. MS (EI, 70QeV, 40°C) m/z : 291 (25), 289
(10) [n-Bu3Sn*]; 269 (87), 267 (93), 265 (55) [CgHpySnS* and n-Bupsns*l;
235 (10), 233 (9) [n-BupSni*l; 211 (47), 209 (12) [Q-BuHZSnélr*]; 179
(45), 177 (47), 175 (47) [n-BuHoSn* and g;ébSn*]; 155 (34), 153 (35),
151 (13) [HpsnsH* and SnSH*]; 132 (CqHgNO,s*]; 121 (26), 119 (44)
[SnH*]; 102 (58) [C3HgNOS™ or t-BuOCOH®]; 76 (68) [CoHgNSH']; 74 (14)

(76 - Hp and/or t-BuOH*]; 59 (54) [CoHpsH*; 57 (99); 41 (100)

Treatment of (167) with a Variety of Deprotecting Reagents

S-tri-n-Butylstannyl-N-t-butyloxycarbonyl-L-cysteine ethyl ester
(167) was)treated with some common ester and carbamate cleavage reagents
for the deprotection of amino acids. After deprotection the sampie was
taken wup in CDCly and a 11QSn--NMR was taken. The deprotecting condi-

tions, which are described by Greene203, were: a) 3.0 M HC1 in acetic
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a ’ ] )
V]
acid for 30 min at room temperature, 1195n-NMR : 155.7 ppm; b) ca. 2

equivalents of thiophenol in trifluoroacetic acid at room temperature
U

for 1 h, "119sn-NMR : 73.7 ppm (85%)cand86.5 ppm (15%); ¢) trimethyl- -

.silyl iodide in CDC\3 for 6 min at room;temperatuve, 195n-NMR ;. 84.5

. 9
ppm; d) KOH in D20/MeOH, 119Sn-NMR : 104.6 ppm (67%) and 86.2 ppm (33%).
Ly

!

; \L{i‘b Q
o-Trimethylsiloxy-1-Propane Thiol (171) ! N 0 ’
v \\. [}
This thiol was synthesized by bubbling) hydrogen /OSiMo,
_ . CH,CH,CHSH
sulfide 1nto a dichloromethane solution of propanal U

. 4 y
and trimethylsilyl chlormide 1n a fashion analogous to that of-Aida,

a

Chan and Harpp.209  The result was a 65% yield\of a highly odoriferous
and cloudy liquid; bp 46°C/ 15 mm.  LH-NMR ((:)X:;) 5 : 0.17 (s, 9H);
0.97 (t, 3H); 1.77 (q, 2H); 2.02 (d, 1H); 4.90 (m, 1H). MS (EI, 70eV,
150°C) m/z : 130 (16) [Mt - HpS]; 115 (27) [130 - CH3-1; 75 (100) [M* -
TMS0-J; 58 (33) [CpHgs1*1; 45 (42) [CHS™I; 29 (55); 28 (38).

0 (o4

2-Methylvinylthiolate (172)

[

The 2-methylvinylthiolate (172) anion was prepérea as needed n
situ by a modification of the procedure presented by Harb;, Aida and d
Chan.210 To 0.411 g (17.1 mol) of NaH suspended 1n dry TAF under N,
at 0C was slowly added 2.00 g (11.2 mmol) of a-trimethylsiloxy-1-
propanethiol. The reaction which was allowed to stir for 1 h was exo-
thermic and the solution was pale Qray. Care was taken in the addition

[n)
of the thiol to avoid effervescence due to the release of Ho.
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S-Tri-n-Butylstanny]-2-Methy1v1ny1th%olate (170) and Attempted Synthesis

of Substituted Thiophenes

To a stirring solution of (172) prepared in situ (see abé?g) was

added 3.2 ml (11.2 mmol) of 96% triig-butylfin chloride. The mixture

was allowed to stir for 1 h at room temperature, Attempts to woFkup the
reaction 1including distillation without prior removal of the solwgnt

" were unsuccessful hence this compound (170), if produced, was used in

situ for further reactions. The reaction was repeated with a- small
excess of 1 equivalent of triethylamine (1.7 ml) and 2 equivalents of
tri-n-butyltin chloride (6.4 ml). ‘ |

‘ To a stirring solution of tri-n-butylstannyl-2-methyl-vinylthiolate
(170) prepared above with one equivalent of tri-n-butyltin chioride was

added one equivalent of concentrated THF solutions of 3-bromo-2-butanone

or a-bromoacetophenone. The reactions were refluxed under a blanket of

N> for 2 hand 24 h using a reflux condenser equipped with é drying
tube. The solvent was removed in vacuo, thé)re5u1tant 0il was taken up
in CHpCl,, washed with water, dried (MgSO4) and evaporated. Lo NMR
(CDCL3) of the crude product showed no resonanbes between 6.5 ppm and

8.0 ppm. This procedure was repeated using tri-n-butylstannyl-2-

methylvinylthiolate (170) which was prepared using two equivalents of

tri-n-butyltin chloride. Once again proton NMR showed no evidence of’

thiophene formation.

A
Al

1,2-Dithiepane 1,1-Dioxide (175) o\\/})

( §~S
= To a stirring solution of 2.78 g (20.0 mmol) of <:\\//:7
1,2-dithiepane (75) in 50 ml of dry dichloromethane at

5-10°C  was slowly added 8.62 g (40.0 mmol) of 80% m-chloroperbenzoic

-182-
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acid which had been previously dissolved in 100 m! of dichloromethane.

This exothermic réact}on‘was monitored by TLC (silica, hexanes/ diéh!o-

\
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g ) ’
romethane 3:1) with the Rf's being : disulfide, (.90); m-chlorobenzoic

acid (.50); dioxidey (.42); impurity (perhaps polymer), (.05-.20):
Upon addition of fﬁe first“equivalent of m-CPBA TLC showed spots for
disulfide and dioxide of approximately equal size, w{th further addition
TLC showed taé Eonsumption of disulfide to afford the dioxide,s The

reaction could also be monitored by color changes; with addition of m-

CPBA the solution turned brilliant pink until the first equivalent of

oxidant was fully added, further addition of oxidant turned the mixture °

yellow and then orange, the solution cleared once the second equivalent

o~

of oxidant had been completely added. Attempts to remove any excess m-

CPBA and m-CBA which formed with sodiun bisulfite followed by calcium

hydroxide or sodium carbonatecor M9504/Na2(‘,{)3 washes resulted in many

spots on TLC. Thus the reaction, in CHpClp, was concentrated to

precipitate out the m{CBA as fine white crysials mp 153-155°C (Ht.zzu9
1580). The filtrate was concentrated three more times, the last time
under a streamof nitrogen at ca. ‘§°c; Purification was completed on

ca. 75 g of silica (hexanes/dichloromethane 7:1) to afford 1.10 g (33%)

of a colorless oil; W (CHBC‘z) N may @ 235 nm, €= 56 (1it.78 £toH, 240,

€254), lH-NMR (CDC13) & : 1.93-2.17 (br, 6H); 3.13-3.60 (t and br,
total 4H). IR (CHClysoln) : 2940, 2860, 1450, 1400 (alkyl), 1315 vs

'(s0,) , 1180, 1125 vs (S0,), 1050, 730, 610 (1it.”5 1310 s, 1120 s).

e

Desul furization of\(}75)

0

The hrocedure for the desulfurization of l;Zidithiepane 1,1-dipxide

is similar to that presented by Harpp, Gleason and Qsh211'212; to 0,32 ¢

§

v
,
t
( , N
N . '




(1.9 mmol) of (175) in 15 ml of dry benzene at ca. 5°C was added 0.50 g
(2.0 mmol) of tris(diethylamino)phosphine (176). The reaction was
allowed to stir for 10 minutes before the solvent was removed in vacuo.

Purification of the resultant oil on silica (hexanes/dichloromethane

7:1) afforded three fractions: 92 % yield of tris(diethylamino)phosphine '

sulfide (178) whose IR was identical to that of a prepared authentic
sample (see below); 21% yield of thiane-1,1-dioxide (six membered ring
sulfone 184), IH-NMR (CDC13) 6 : 1.77-2.13 (br, 6H); 3.17 (t, 4H). IR
(CHC1 3 so]n) : 2965, 2940, 2865, 1455 (alkyl), (305 (302), 1125 (SOZ).
1055, 965,' 735, 695, 655. The lasf/}raction was an oily polymer (185)
produced in a ;4%'yie1d; IR (neat) : 2940, 2860; 1460.(a1ky1§, 1325 vs

(S0,y, 1140 s (S0), 1125 s shoulder (S0p), 1055, 740 vs (S-0), 695, 670.

q

Tris(diethylamino)phosphine Sulfide (178) ;

To 0.34 g (1.33 mmol) of elemental sulfur in 30 ml
‘ Me,N},P=$S
of toluene was ' added 0.33 g (1.33 mmol) of trisx - (e,
(diethylamino)phosphine (176) in 10 ml of toluene. The exothermic

reaction was allowed to stir for 25 min. The solvent was evaporated and

~an IR was taken without any purification of the sémple; IR (CHC13 soln)

. .
: 2990, 2950, 2865, 1470, 1385 (alkyl), 1210, 1190, 1020, 945, 720, 700.

J

ot

e
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