University of Windsor

Scholarship at UWindsor

Electronic Theses and Dissertations

1977

Desulfurization utilizing Sn(IV) hydrides.

Calvin K. Schram
University of Windsor

Follow this and additional works at: http://scholaruwindsor.ca/etd

Recommended Citation
Schram, Calvin K., "Desulfurization utilizing Sn(IV) hydrides." (1977). Electronic Theses and Dissertations. Paper 1671.

This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor students from 1954 forward. These
documents are made available for personal study and research purposes only, in accordance with the Canadian Copyright Act and the Creative
Commons license—CC BY-NC-ND (Attribution, Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the
copyright holder (original author), cannot be used for any commercial purposes, and may not be altered. Any other use would require the permission of
the copyright holder. Students may inquire about withdrawing their dissertation and/or thesis from this database. For additional inquiries, please

contact the repository administrator via email (scholarship@uwindsor.ca) or by telephone at $19-253-3000ext. 3208.


http://scholar.uwindsor.ca?utm_source=scholar.uwindsor.ca%2Fetd%2F1671&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F1671&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F1671&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/etd/1671?utm_source=scholar.uwindsor.ca%2Fetd%2F1671&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca




I* National L’ibr'ary of Canada

Cataloguing Branch ~
- Canadian #heses Division

.
Ottawa, Canada .
K1A ON4 g\

NOTICE ~ °

The quality of this microfiche is heavily dependent upon
the quality of the original thesis submitted for microfilm-

. . ing. Every effort has been made to ensure the highelt

quality of reproduction possible. ’ -

) It pages are missing. contact the university which
granted the degree. -

Some pages may have indistinct print especially .if

the origina! pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy. =

t

—

Previousiy copyrighted materials (journal articies.
published tests, etc.) are not filmed.

Reproductionin full orin part of this film is governed
by the Canadian Copyright Act, R.S.C. 1970. -c. C-30.
Please read the authorization forms which dccompany
this thesis.

>

N\ THIS DISSERTATION
HAS BEEN.MICROFILMED -
/.~ EXACTLY AS RECEIVED

* NL-339 (3/77)

Bibliothéque nationale du Canada

Direction du catalogage -
Division des theses canadiennes

_+ AVIS

~

La qualité de cette microfiche dépend grandement de la
gualité de la thése soumise au microfilmage. Nous avons
tout fait pour assurer une qualife supérieure de repro-
duction.

S'il mangue des pages, veuillez communiquer avec
'université qui a contféreé le grade.

La qualite d'impression de certaines pages peut
laisser & désirer, surtout si les pages origivales ont été
dactylographiées al'aided un ruban usé ou sil‘université
nous a fait parvenir une photocopie de mauvaise qualite.

Les documents qui font déja I'objet d'un droit d'au-
teur (articles de revue; examens publiés, et¢.) ne sont pas.
microfilmés,

La reproduction, méme partielle, de ce. microfilm est.
soumise’a la Loi canadienne sur le droit d’auteur, SRC

. 1970, c. C-30. Veuillez prendre connaissance des for-

mules ¢ autorisation qui accompagngnt cette thése.

LA THESE A ETE
MICROFILMEE TELLE QUE
. NOUS L'AVONS RECUE

TN

"



—

»

- ’

DESULFURIZATION UTILIZING Sn(LV) HYDRIDES.
. - . .

.

g, . | | T

BY

]
CALVIN K. SCHRAHM -

) . A THESIS
Submitted to the Faculty of Graduate Studies through
Department: of Chemistry in Partial Fulfillment
- of the Requirements for the Degree
of Master of Science at the
University of Windsorxr

Windsor, Ontario
1977

the



© Calvin Keith Schram Master of Science 1977 -

o
0

€2

Le0)

=
0

.

-



3]

To my mother and father

]
1 \.\.
’ - i
1 F”/
~ '/'
d
I'4



ABSTRACT

The desulfurization of various types of sulfur com-

pounds, utilizing tributyltin hydride as the desulfurizing

-agent, was investigated. It was hoped that under these

conditions 2,5-dihydrothiophenes and 3,6~dihydro(2H) thio-
pyrans would yield olefins. Reductive desulfurization of
sulfides and dithioketals wﬁs attempted, éhticipating to-
tally desulfurized hydrocarbons. as- products.

The results show tkat mwcyclic sulfides undergo reductive
&esulfurization, but ﬁPat-q&clic'ones give differing re-

s .
actions, dgpenﬂing on the ring size.

1id
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CHAPTER 1

INTRODUCTION

~The'aynthesis of carbon—carbon double bonds 1in a

regiospecifrc and stereopﬂeeific manner, has long.beeﬁ an’
object of iqt'ere'st, for the organic ch_emiérl. _Ii‘lit:-t:ig-z,
o, VCornforths, andﬁJuliaq are names,of_vell'known chemists who
. have confronteﬂ this synthetic ﬁroblem. -fheir solurions
- however, are eompliceted by proﬁiems‘such as. incomplere
regioepeeificicy or stereospecifici:y, low yields long .
. elaborate synthetic pathways or limited versatility in tife

types of oleffns which can be §ynthesized.

Y

An efficacious olefin synchesis was important to us,

-

- 8ince much of the research in our 1aboratory is direetedy
L .

towamd the synthesis of the sulfur heterocycles: 2,5-
dihydrothiophenes, and 3!6—dihydro—(23)thiopyrans§~uhich wve
/féitxeggld act es olefie precureere. Stereospecific and

’ regiospeciric'reductive desulfurization of these Iwo types’
. A}

—_—

of molecules, ﬁithout,concomitant reduction of :he-carbon-

-

\ carboa double bond;,would yield 2 synthesis of Z;olefins
(Figtre 1 and Figure 2)

43 K2 - " Ry C B2

reductive ~ -\___ﬁd/ .
desulfurization -~ - __/f_‘__\\__

‘ - —
igure 1 - Reductive Desulfurization of 2,5-Di€ydrothiophenes-

1
o~



reductive
desulfurization

Ra2 R

™

Figure 2 - Reductive Desulfurization of 3,6-(2H)thiopyrans

The 2,5-dihydrothiophenes are synthesized by a combined

Michael-Wittig rei?frap sequence ﬁsing‘G—mercaptocarbonyl—

5
compounds, and substituted ohosphonium salts » 8,7 {(Figure 3).

.

+ _ ' + )
R .0 R3 Pe3Br Ry 0 R3 P?3Br
= Pase~, 4” A —_—
+ C~— : S—
Rs SH Ry Rs Rz sT Ry Rs
i 2
) +
) P?aBr o" P¢3Br .
S I [_,33 Ry S 3 1 / 3
/’___3“ //L\SI/ D
R, ) >
Rg Rg R

Figure 3 - Synthesis of 2,5-Dihydrothiophenes

It can be seen from this synthesis, that asaumihg the

previously described reductive desulfurization is poaaible,-
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; -3

one of the carbon atoms of the newly formed carbon-carbon °

-~

.double bond originates from the c-mercaptocarbonyl compound,

"and the other carbon atom originates from the phosphoniym

...\

salt (Figure 4). | _ .

e~
from | R l _ R3 from
@—-mercaptocarbonyl C::C y hosphonium
P Y R2 , ‘ \\_<Rq P P u
compound R salt
{

-

Figure 4 — Substitution Patterm in Proposed Qlefin Synthesis -

N COR2N
~—

"Since it 1s possible to use various G—mdrcaptoketones'

and aldehydess’s’y, and. phosphonium salts substituted in

7
the ¢ or § positions’s’ , it would be theoretically pos-

"sible to synthesize mono-, di-, tri-, or tetrasubstituted

olefins. This would represent an extremely versatile olefin

-

synthesis.

One of the more classical methods of desulfurization
1s reduction using Raney nickel saturated with hydrogene.
When this procedure was performed on 2,5-dihydrothiophenes,

totalfreductive desulfurization occurred (i.e. reduction of

the sulf:%)function as well as reduction of the carbon-

carbon double bond)9 {(Figure 5).

)
-

-—p.t



R S L R2 R3 '
- _‘___/ Raney nickel _—>__<— :
. \ - N
7 .
el - //L\S/J\\ desulfiurization Ri Ry
"Ry . _ Ry ’ .

a

Figure 5 - Raney Nickel Desulfurization of 2,S-Dihydro;
o thiophenes . .

-

Another widelylused me thod of desulfurization utilizes
an alkali metal in liquid ammqnia. When this mecthod was
attenpted on 2,5-dihydrothiophenes, polymeric products re-—
sulted' . - !

Thiopyrans .can be synthesized in essentialiy the séme
manner‘as dihydro;hiopheneslll‘ The major difference in the
Eyntheses 1s thart B—nercaptocarboﬁyl compqgﬁﬁé are used in
synthesizing thiopyrans, whefeas G-mercaptocarbonyl gom;
pounds are used-in the synthesis of dihydrothiophenes
(Figure 6).

It is poésible to use B-mercaptoketoﬁes as well as
aldehydes, so only one substitutent may be placed on the
double bond. HoweQer, the-use of c-gubstituted phosphon-

., ium ?alts causes the reaction to follow a different coursell,
and/és ; result no substitutent may be placed on the double

boand, originating from the phosphonium salt‘component of

the reaction.

" Thesalkali metal’'in ammonia reduction of-thioﬁyrans

has been accomplished by different groups. Biellmann et al
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0 i S o ' 0 ©
! . @ ® 2 g\ P¢3B:"
R1x N I ?3BTT 4 ose ) l. R3 k:f N
L . l ~
’ , < — :
S R 59-/) Ry
. R2 . Ry 2 _
R3
N R3 © . o
. @ e R
1~ R 3 »
R c R P$4Br R1 P¢E:rgo . SN
R2 7 NS Re * RzZ S Ry R Ry

Figure 6 - Synthesis of 3,6-Dihydro-(2H) thiopyrans

showed that a}%%gic carbon-sulfur bonds could be cleaved by
lithium in ethylamine'*. Kondo et a1'’ showéd that thio-

Pyrans could be desulfurized using lithium in ethylamine
© o«

alone, or by lithium in ethylamine (to cleave the allylig

ggfbon-sulfﬁr bond) followed by Raney nickel (to cleave

the aliphatic carbon-sulfur bond),. StotterlH also used

the lithium in ethylamine, Raney nickel pProcess to-desﬁl—

furize thiopyrans. His Tesults show that the two step pro-

cedure affords no isomerized products and also suppresses

reduction of the carbon—carbon double bond, presumably be-

cause the sulfur deactivates the Rapey nickel.



Desulfurization with Raney nickel is not without .

o

limitations. Reduction of other functional groups pre-
!

ent in the molecule has often been a problem?. Other

5\\\\\5";’,/ side reactions involving oxidations, reductions, re-

" arrangements and condensatiopﬁ diminish the'applica-
—‘—x\ “bility of this method.

" The desulfurization of sulfur compounds with Raney‘
nickel is usually thought to involve a radical ﬁébhanismls.
Mechanistically the reaction can be classified .as an
SHZ process (i;e. a bimelecular hbmolytic substitution;
which involves att;ck-on the sulfur atom by an incomi?g
radical te bring about replacement of a second radical
originally bound to the sulfur)ls. The first step im
the reduction 1s considered to be a homolytic substictu-
tion by nickel, accompanied by, or followed by, scission
of the nickel alkyl sulfide to -give Q second free radical

(Figure 7).

R-S-R' + [Ra Ni]—> R -5 + R —>
|

B + S+ R 23

R'-R'* 4+ R-R + R-H + R'-E + R'-R

~
N

" N

‘Figure 7 - Raney Nickel Desulfurization of Sulfides
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It was chqyghg that 1f some agent could be ffund
which would act in a manner similar to Raney nickel, an-
other method of desulfuization could be int&oduced. Or-
ganotin hydrides are geAe}ally thought to réact by a
radical mechanismls and the tin-sulfur bond is a strong
-oneIT. This led us to believe thatlorganocin hydrides
could act as desulfurizing agents.

Reductions by tin hydrides can be considered as

displacements (Figure 8). Alternately when multiple

R-X + RjSoE  ———3 R -H + RJSnX

o

Figure 8 - Tin Hydride Reductions Which are Considered
Displacements

-

bonds are involved, the tin hydride reduction can be con-
sideredlas 4 two step process ianvolving hydrost?nnylation
{(i.e. addition of tﬁe élements of R3iSuH across éhe double
bond), followed by replacement of the organotin group by
hydrogﬁg (Figure 9).

Structure reactivity correlation of organcotin hydrides
follow the order RSnH3 > R2SnEs> > Rasnﬁla. Triarylcin

hydrides are more reactive than trialkyltin hydrides. The



8

- HY
A=B + R3SnE —> R3Sn-A-B-H ——>

H-A-B-H + R3SnY

[

(HY can be a protonic acid or R3SnH)

Figure 9 - Tin Hydride Reductions of Multiple Bonds

dialkyltin dihydrides, triaryltin monohydrides, and tri;
alkyltiﬁ monohydrides are the only groups with sufficient
'stability to be éynthetical%g usiful.

The two most widely studied reactions of tin hydrides
are reduction of alkyl halides and hydrostannylation of

multiple bondsls. The reduction of alkyl halides 1is a

29

radical chain reaction (Figure 10).

——

- R3SnHE + 4initiator -~~~ R Sny, + H-initiator
RySpe + R'-X —> R3SnX + PR

Rt + R3SnH —> R3Sne <+ R'-F

¢

Figure 10 - Tin Eydride Reduction of Alkyl Halides




Increased reaction rates are observed for alkyl halides.
according to the .order tertiary > secondary > primarya.
. The réactivity of different halides follows the usual order
of lodide > bromide > chloride > fluoride ’.

L4

.‘Qrgano:in hydrides 'zalso undergo noncafalyséd addigion
to terminal olefins at 60°- 100°C*°. This reaction emables
a number oflfunctionélly subétituted organotin compounds
ﬁo be sy;thesized.

As well as these reactions, organoéin hydrides add to

alkynes {trans, polar additiqn)la, reduce aldehydes and

ketoneszl, reduce the carbon-nitrogen double bond of iso-

cyanates (by a polar mechanism)22 and also reduce esters
(by a‘free radical mechanism)zsf

Reports-of the reactivity of organot;n hydrides with
sulfur-containing organic compounds. have been spora&ic. The
first such report appeated in 1959 when Van Der Kerk and
Nolteszu reported the reduction of allyl mercaptan by tri- -
phenyletin hydride to yield propene and bis (triphenyltin)
sulfide (Figure 11). 1In 1963, Lorenz and Becker-z5 reported

-

. ]

?3SnH

CH2=CHCH2SH  ~ >

- -
CH2=CHCH3 -+ (93Sm)2S

Figure il - Iriphenyltin Hydride Desulfurization of Al1lvl
Mercaptan - :




10 y
v

s .
thatll-néphthyl- and phenyl- isothioc;§ua£9% are converted
to the corresponding aryl 1soc§5nides and N-methylarylamines.
In 1964, Becker and Pang26 publisﬁed 8 paper on the
reduction of sulfur'containing'functional groups by tri- |
phenyletin hydride. They found that in some cases, the re-
duccions.occurred without free radical initiatoré, but in
general higher yields of Feduced products were obtained
when the free radical initiators 2,2'-azobis (2-methylpro-
prionitrile) (AIBN).or triphenyl borine were present. The
carbon-sulfur bonds of benzyl disulfide, beézyl 5u1fi§e,
and benzyl mercaptan were cleaved in the following manner

(Figure 12):

¢35nH

($CH2)S

v

($3Sn)28 + ¢CH3 + ¢CH2SH (trace) + H2S

Figure 12 - Triphenyltin Hydride Reduction,of Benzyl Sulfide

Ne aromatic carbon-sulfur bonds wér; cleaved by triphenyltin

hydridé. Thiobenzophenone was converted to diphenylmethane.
Some years later inm 1974, Kozuka, Furami and Akasak327

reported the reduction of sulfoxides and sulfilimines |

with tributyltin hydride. These compounds were reduced to

the corresponding sulfides, and in some cases carbon-sulfur



. | 11 - -

bond cléavage occurred (Figure 13). In keeping with the

-

» @S@ . BujSnH
~
5 > | =
] ot
N-Ts :
S SH
’ T
'S
”-‘\\

Figure 13 - Tributyltin Hvdride Reduction of Sulfilimines

\

SnBuj

results of Pang and Beckerzs, these authors found that the

reactions would not proceed in the absence of a free radi-
cal Iipitiator. Starting materials were quantitatively re-

- covered when AIBN was not present.

In 1975 Barton et al utilized tributyltin hydride for

<

the removal of a sulfur;containing function. 'They reacted
O-cycloalkylthiobenzoates and O-cycloalkyl-S-methyl dithio-
carbonates with tributyltin hydride and obrained good yilelds
of the corresponding hydrocarbons (Figure 14).

S ' 0

1 . 1
R-0-C-¢ + Bu3SpHE —2» R-H + ¢-C-S~SnBuj
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L —

. s ‘./\ - .
i
R-q;c:§§; +‘\§“eSnH — BR-H + CO0S + Bu3zSn-SNMe
. J -

e

Figure 14 - Tributyltin Hydride Reduction of Thiobenzo—
ates and Dithiocarbonates

In 1976, Bartom et al repérted the reduction of di-~

thiocarbonates of deoxysugars aad deoxynucleosides with

tributylein hydride (Figure 15). Opening of the thiocar-

N
.

0 ‘
s 0
H <&——zz___ 0
0 0 }S
' HO 0
Figure 15 - Tributyltin Hydride Reduction of a2 Deoxysugar

-

—

bonﬁte r?ﬁ§ Yields the more stable secondafy radical.
In‘Yiew,pf the number of reports of reduction ;f sulfur
compounds ;ith'tin hydrides, the possibility. of using tin
hydrides to desulfu{iﬁgddihydrothiophenes and dihydrdthio-
pyrans looked promisi;g. The peossibility that tin hyd?ides
could become & widely used reagent for desulfurization com-

parable to Rane§ nickel or lithium 4in 1liquid ammonia, was

another reason which prompted us to investigate this problen.
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CHAPTER II

RESULTS AND DISCUSSION

Before any desulfurizations were attem’ied, a &ecision
was required on.the particulaf orgéno:in hygt{de Gfgch
would be used:. Triphenyltin hydride and tribufyltin hydride
are the two most commonly used. Tributyltin hydride was
chosen because of its greater thermal stability and 1its
ease of preparation.

The initial .actempt at desulfurization Qas made on a
2,5-d;hydrothiophe;e. ‘The synthesis of 2,5-dihydrothio-
phenes has been previously outliﬁed in this thesi§5’6’7.

A great deal of evidence suggésts that‘orgaqotin
hydride reductions involve a radical chain mechangsmiﬁf
On this basis we envisaged that the following reaction

might occur, which would lead to the formation of olefins

from dihydrothiophenes (Figure 16). Closer examination of

Laadi 771
{2

SnBuj

— ——er

g\ + , . : e

[ S-SnBujz

SnBuj ! 4

‘. o

I l -+ Buj3SnE —_ l ' I 'R

S—SnBu3 . S-SnBuq

13



E:-I_H-}- "‘Bu3s;; —> | E_—ln

S-SnBujy . Bu3Sn-§—SnBu3'

—_— .-———l-
E,._, L; ? : H 4 (Bu3Sn)2$
Bu3zsSn=-S-SnBuj

I |+ Buz3SnE —> . I I
. H : | H )it

p—

Figure 16 - Proposed Mechanism of QOlefin Formation from
. Dihydrothiophenes

this meéhanism revealed two undesirable slde reactidns. It
is known that tin hydrides reduce various functional grOupsla.
For our purposes, reduction of the sulfur moiety only, wa;
desirable. Also, as was previously mentioned, ome of the
most widely studied reactions in tin hydride chemistry is
the hddition:of the elements of the tin hydride across a
.carbon-carbon double bond, a reaction known as hydrostanny-
la;ionlg. If'hydrostannylation of the dihydrothiobhene oc-
curred, a tetrasubstituted organotin compound would be
formed, rendering tﬁe proposed olefin synthesis useless.,

The other problem whiéh wés foreseen involves poésible'
isomerization of the carbon-carBon double bond. In Figure 16,
both steps 2 and 5 involve allylic radicals. Two resonance

forms can be drawn for these allylic radicals. In such

cases, reduction can occur at two sites leading to a nixture
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of olefips. Furchermqﬁg, rotation about the C3y-=Cy bond nf the
p ’ < d

N
-

<>

SSnBus $S5nBuj

For Figure 16 Step 2

H- H

For Figure 16 Step 5

—

partially reduced heterocycle would lead to isomerizatiom of |
the double bond. The overall scheme is shown in Figure  17. N

The deciding factor here is which reacticen takes place

L¥ )

— <> —_—>

S—énBua S=5n3Bugj

’ . / _

<> i

S-SnBuz : S-SnBu3

Figure 17 - Mechanism of Isomerizatlion of Double EBond of
Dihydrothiophene

.

more’rapidly, hydrogen abstraction by the initially formed

\
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allylic radical or ;somerization or stereonmutation of the
initially formed allylic radical.

A comparable situation éccurs in the reduction of
allylic chloridgs with tributylcin hydride. Denney et 3&30
found that isomerization of the intermediate aliylic radical
resulted ip a loss of the stereochemical integrity of the
starting material. |

When the reduction of 2—methy1-2,4,5,6,7,7a-hexahydro—
benzo[b]thiophene (entry 1, Table I) was attempted, spec-
tral data suggested that the desifed olefin was not formed.
Instead, the diene previously obtained from sulfone pyrol-
ysis and identified as 1-(l-cyclohexenyl) propene, was the
sole product. An authentic sample was prepared by meta-
chloroperbenzoic acid oxidation of fge dihydrothiophene to
the dihydérothiophene sulfone and subsequent pyrolysis of |

the sulfone to the 1,3 diene31

(Figure 18).

\\ -+ 502

Figure 18 -~ Method of Preparation of Authentic 1-(l-Cyclo-
" hexenyl)propene




9

17

The formation of the diene, from the tributyltin hydride
reduction of the dihydrothiophene may take place by a con-
certed or a stepwise mechanism. If the mechanism 1s con-

certed, the following steps mﬁy be involved (Figuré 19):

+ BuszSo- —> [::::EZ;;;L\' —>
Y S

1
SnBus

Bu3zSnSe

L

Bu3zSn$* + BuzSnH —> (Bu3zSn)28 + H-

H- + Bu3zSaH —> BuzSa-* + E2

Figure 19 - Concerted Mechanism of Diene .Formation from
Dibhydrothiophenes

The stepwise mechanism differs basically in the timing

of the movament of the electrons (Figure 20).

4+ Bu3zSp——m—> - —_—
N[
: :
/,_ .SnBuj
A ‘
—_— _ + Bugi"'anS'
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oS

Bu3SnS* + Bu3SnH > BuzSaSH + Bu,Sne

Bu3SnSH + BujSne —> (Bu3Sn)25 + He

Figure 20 - Stepwise Mechanism of Diene ¥Yormation from
Dihvdrothiophenes

Spectral data shed some light on the mechanism. The
propenyl double bond of l1-(l-cyclohexenyl) propene was
found to exist as the E isomer31 (NMR vinyl proton coupling
éonstants)_ Thus, if the mechanism 1s concerted, it must
occur in a disrotatory fashion. Since the starting dihydro-
thiophene was known to possess the cis configuration319for—
mation of the E isomer via a coarotatory mode would require
the formation of a trans-double bond in the cycloheﬁene ring.

if thg mechanism does not involve disrctatory motion
of_the orbitals to form the diemne, then the stepwise.mecha~
nism must be in operation. The stepwise mechanism would
allow for free rotation about single bonds and therefore
would yield the thermodynamically more stable E isomer of
the propenyl double bond. We are unable to distinguish be-
tween'chesé possibilities at present.

The reduction of 2,2-dimethyl1-2,4,6,7,7a-hexahydro-
benzo[ﬂ thiophene was also attempted {(entry 2, Table I).
Spectral data suggest that the desired olefin was not formed,

but again the -product was the analogous:diene (Figure 21).
/‘

-
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TABLE I ' _ &

YIELDS OF DESULFURIZED PRODUCTS FROM VARIQUS SULFUR

COMPOUNDS
Entry Starting Mat&rial Product(s) (Yield(s))
1 _ = SN - (<152)
L\ -

2 NS (44%)
X
3 : no reaction
. ‘
NS
4 ‘ ne reactiono
S e '
5 ($CH2) 28 ¢ CH3 (76%)
6 ¢ CH2S (CH2) CH3 ¢CH3 (85%)

CH3 (CH2) 5CH3 (492)
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TABLE I (continued)

YIELDS OF DESULFURIZED PRODUCfS FROM VARIOUS SULFUR

COMPOUNDS
Entrys Starcting Material Product(s) (Yield(s))
7 6CH2S __<i::j> ¢ CH3 (63%)

(46%)

8 s NN Q (627)
/\/\/\/\

(332)

9 (/\/\/\/\)zs R TS

(907)*

O (44%)
I

11 E;;%/A\(/ no isolable preduct
‘ : ~Z

A

N\

based on unreacted starting material



* Bu3iSnH

-

)

/
Figure 21 - Tributyltin Hydride Redfiction of 2,2-Dimethyvl-—
2,4,5.6,7,7a-hexahydrobenzo [b] thiophene

From thése two.examples it appears that cributyltin
hydride is not an effestive reagent for transforming di-
hydrothiophenes into olefins...However, this method does
represent a one step synthesis of dienes from dihydrothio-
phenes. The ylelds are moaerate:to pooT but-io attempts
were made to maximize them.

Since dihydrothiophenes did not prove to be eéfective
olefin synthons, the six membered ring analogues d;hydro—
thiopyrans were utilized. As outlined previously, these
compounds were synthesized from f-mercaptocarbonyl compounds

an& substituted phosphonium saltsll. As Table I entries 3
and 4 indicate, no.reductiyﬂ"?foducts of any sort were de-
tected when 3-methyl—3,6—dahydro(ZH)thiOpyran and.3,6—di-
methyl-3,6-dihydro(2H)thiopyran were reacted with tributyl-
tin_hfdride at temperatures up O 140° C. Startipg material
was recovered almost quantitatively.

Hydrostannylation of the carbon-carbon double bond of

the thiopyran cannot explain why no desulfurization pro-
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"ducts were detected,_since-the starting material is re-
covered. Considefation of the proposed mechanism for the
desulfurization of dihydrothiopyrans with fributylcin hydride
reveals no intermediates which appear to be energetically

or sterically unfavourable (Figdre 22). We are atra loss

N . BusSn AR -
—_— —>
ne
s %
SnBujz
(\' Bu3Sni | C\\Buasn';. ~ —>
§ = Ry -
T s 1 T
SnBu3 ‘ énBU3 Bu3Sn ,SnBu3
‘(BugSn) 2S 4 S —_— ' o

H H H

FTigure 22 - Proposed Mechanism of Dihydrothiopyran Desul-
furization ‘ o

to explain the lacg of reactivity of dihyafothiopyrans in
these reactions.

Sulfides'ﬁere the next class of compounds which were
reacted with tributyltin hydride. Table I entriles 5 to 9
1ist the starting materials and yields of desulfurized pro-

ducts_obtained. Table II lists the characteristics of the



new sulfides prepared.
The generxal method of synthesils for these sulfides,

”
adap}ﬁi/f;nm the procedure of de la Mere. and Vernons*. was

=
as follows (Figure 23):

+

NaOEt )
R-SE -——-—).RsaNae + EtOH

rsOxa® 4 R'-X —3 R-S-R' + NaX

X = halide

Figure 23 ~ General Method of Preparation of Sulfides

In the case of entries 7 and 8, the mechanism of the reaction

33
may be SNZ' ia nature” .

The mechanism of the desulfurization of sulfides is

basically similar to the mechanism proposed for the desul-
furization of dihydrothiophenes and dihydrothiopyrans. Out-
lining this mechanism for sulfides, will facilitate an ex-

planation of the various yields obtained (Figure 24).

nr
R-S-R' + BujzSa. =3 R-?-R‘
SnBué

: Bu3SnH
= R-S5-SnBuz + BR' .

BuiSn-$-SnBuy + R'-H —
' )
»
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R+ + (BuySm),s —2u3588 gy

Figure 24 - Proposed Mechanism of Desulfurization "of Sulfides

Table I reveals yields of desulfurized products which
corregpond to the stability of the intermediate organic
radicals. The factors affecting stabilicty here are struc-
ture (where the usually found radical sﬁability order i;
fd}lowed: tertiary > secondary > pfig;ry) and degree of
resonance stabilization (where the usually found order of
stasility i{s also followed: benzyl > allyl > alkyl). The
resonance stabilization of radicals is a more important
factor in determining the radidal stability than ig\:pg
structure of the radicalsak.

Bearing these facts ir mind,. the yield of toluene
from dibenzyl sulfide being the highest overall yield is
not unexpected. The benzyl radical is presumably the most
stable radical which can be forﬁed from any of the sulfides
listed. —As well, the reduction product toluene, is stable
to ;he reaction conditions.

In the desulfurization of benzyl 1—cycloh;xeny1 sulfide,
toluene is formed in higher yield than cyclohexene. This
is to be expectgd since benzyl radicals are more stable

than allylic radicals. Ia this particaular case, some of

the cyclohexene may be lost due to hydrdstannylation.
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Desulfurization of benzyl heptyl sulfide produces
ﬁoluene in a much higher yield than héptane.z The stability
of benzyi ¥s alkyl radicals is again demonstrated.

- In the case of l-cyclohexenyl heptyl sulfide, the yield
of qyclohexéne.realized is almost twice that of heptane.

The fact that alkyl radicals are less stable than allylic
radicals is illustrated. °

That n-octyl sufide provides the lowest yield of a
hydrocarbon of any of the sulfides listed, is not surprising.
Prima;y alkyl radicals are the least stable of any rad{cals
which could be formed from the sulfides used. The reduc-
tion of n-octyl sulfide was the only case in the sulfide
series in which a significant amount.of starting material
was Tecovered. Based on unreacted starting qacerial, the
yileld of octane from n-octyl sulfide £s 90%. The much
higher yield of heptane from benzyl heptyl sulfide, tﬁan
octane from n-octyl sulfide suggests that the tributyltin
radical (Bu3Sn-) cleaves the intermediate organotin sulfide
(R-S-SnBu3) faster than the starting sulfide {(R-S-R).

Dithioketals were the last class of compounds examined.

These thioketals were synthesized following the general

o .

procedure of Jone535 (Figure 25). Table I entries 10 and
“

0 ! ms

I HS SH \/

R-C-R' —————3 R-Cip' ~
PISOH
4

Figure 25 - Method of Synthesis of Thioketals
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11 1ist the thioketals used. The
yields cyclphexane.upon reduction
but no l-hexene could be isolated

thioketal of 5-hexene-2-one.

minal double bond of the startidg material is a possible

reason for no reduction products being isol}ted in the lat=-

ter case.
undergo noncatalysed addition

temperatures analogous to

posed mechanism for the desulfurization of

‘thioketal is shown in Figure 26.

o

o »S=SnBusg

] L .
Bu3Sn-

—>

l

Bugsn-éfSnBus

Hydrostannylation of

As was previcusly stated

those used herelg.

thioketal of cyclohexanone
with tributyltin hydride
from the reaction of the

the. ter-

-

tributyltin -hydride will

to‘terminal double bonds at

The pro-

¢yclohexanone

-SnBug

BuaSnE;

Bu3zSaH
+(BuzSn) 2§ ———m—>
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S- SnBu3
Bu3Sn— H

Bu3zSnE

. B B
Bu3zSn-5-S@Bujg .

t ) * B

£ H B .

' BuzSaE
+ > —_
Figure 26 - Procosed Hechanism of Desulfurization of Thio-
ketals 2

Support for chis mechanism is given by the fact that
cyclohexyl ethyl sulfide was isolated from ome reaction mix-
:ure.ih which starting materiél had not totally reacted.
‘The conversion of thioketals to the corresponding alkanes
represents a method of transforming a ketonme function to a
methylene group, and is thus analogous to the Wolf-Kishner
. and Clemmensen redué:ionsas. The trénsformation of dithio-
\\_Kstals to methylene gr;ups has élso been accomplished with
N . 3T 38
triethyl phosphirte with sodium in liquid ammonia and
with Raney.nickel59
In general, 1t appears thaf with the exception of di~
hydrothiopyrans, tributyltin hydride will act as a desul-
furization agent. Dihydrothiopheneé do not yield olefins,
but rather 1,3 dienes. This':eﬁresents a meﬁhod for the

conversion of dihydrothiophenes toc dienes in.a one step
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process. Varioua‘:ypes of sulfides yield the expected
alkenes and alkanes.

One fa;tor whiéh makes tributyltin h ridelaﬁpear'
attractive as a desulfurization agenty is that it 13 pos-—.
sible to regemerate it. Damle and Considinéﬂo have shown
that bis(tri-n-butyltin) sulfide can be transformed into
'tri—n-butyltin hydride, in 72% yield, by ‘the action of
lithium aluminum.hydride. Thus 1f desulfurization reactions
are to be carried out onm a large scale, oT repeatedly,'t@e
hydé;de could easily be recycled.

From the results obtained in this preoject, it appears

that tributyltin hydride has definite potential as a de-

sulfurization agent.



CHAPTER I1II

EXPERIMENTAL

General'bomments

| Reagent grade chemicals were used without purification
unless otherwise speqified. Iafrared (ir) spectra were Te-
.cord;d on a Beckman IR-12 instrument in 10X chloroform so-
lution. Nuclear magnetic resonaﬂce (nmr) spectra were Ob-
tained on a JEOLCO C-60HL or Varian Eﬁ 360 spectrometer

and are reported ina parts pe% million té) downfield from
tétraﬁethylsilane as dnternal standard. The splitting patff
tern of each regonance is codified as follows: s = singleé\\\
d = déublet, t = triplet, m = multiplet. Electron impact '
mass Spectra ;ere recorded at 70eV on aiVarian MAT CH5 - DF
spectrometer. GLC analyses were performed ocn a Hewlett-
Packard 720 instrument with peak areas deterained Sy disc
integration. A Fisher—Johns‘melting’point apparatusruas
employed to determine ﬁelting points. Indices of refraction
were measured using a Carl-ieiss refractometer. Cpmbustion
analyses were perfofmed'by A. B. Gzél;,Hicroanalysi;

Laboratory, Toronto, Ontario.

Known Compounds

The following compounds were prepared by literature
procedures (boiling points/meltingppoints and experimeﬂtél
yields are listed): “tributyltin hydridez“2 (60°C @ 0.05 mm,

732), dibenzyl sulfide? mp 42 C'®, 62%), l-cyclohexenyl

_— - 30



31

benzyl sulfide™* (92°- 100°c €@ 15 mm, 432), 3-brgmocyclo-

[ §
hexene*> (68° - 72°C @ 22 um, 502), 2-methyl-3,6-dihydro-

-

(2H) thiopyran (352)'1, 2,6-dimethyl-3,6-dihydro-(2H) thio-

pyran11 402y, l,4-dithiaspiro KTE decane?” (80%), B-mer-

captobutyraldehyde™® (71°¢C @ 17, 53%). Samples of 2-methyl-
2,4,5,6,7,7a-hexahydrobeﬁzo[i]:hiophene and 2,5-&1me:hy1-
2,&,5,6,7,3a-hexahydrobenzo[£]thiophene had been previously
prepared, |

Preparation of Benzyl Heptvl Sulfide and Cyclohexenv] Heptyl
Sulfide

This procedure was adapted from the general procedure
of de la Mere apd Vernon32. n-Heptyl mercaptan (0.05 moles)
was titrated to the'phenolphthalein endpoint with a solution\‘
of 1.0 N NaCEt. The appropriate chloride (0.05 moles) was
then added dropwise. 4 white precipitate began to form
almost.immediatélx, The mixture was stirred overnight at -
room temperature. The precipitate was filtered and the sol-
vent evaporated under reduced Pressure. The residual yellow
oil was taken up in methylene chloride and dried over sodium
sulfate. Evaporationof the solvent yielded a yellow oil,
which upon distillation resulted in a colourless liquid.

Yields and spectral data aTe reported in Table II.

Preparation of 5-Hexene-2—-one Thioketal

T

This.procedure wvas adapted from the general procedure

followed by Jones>$, Allyl acetone (10 g, 0.10 moles) was
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dissolved in 150 ml benzene. To this solution, ethanedithiol
(15 g, 0.15 moles) and p—toluenesplfonic acid (1 g) were
addéG. The mixture was refluxed in a 300 ml round bottom
flask equipped with a Dean-Stark trap and reflux condenser.
After refluxing for 8 hours, the mixture was cooled, washed
once with an equal volume of 1 N KbH, once with an equal
volume of water, then dried over sodium sulfate. The solvent
was evaporated under reduced pressure. Chromatogra;hy on

. basic aluminaz with pentane as the solvent yielded 13.5 g

(80%) of a clear liquid. Spectral data is listed in Table II.

General Desulfurization Procedure for Sulfides

These reactions were rYun on a lo.mM scale, using 10 oM
of the sulfur compound and 22 mM tributyltin hydride (equiva;
lent amou;t necessary for reduction plus ten percent excesss.
The sulfur compound and the tin hydride ;ere added to a 25 ml
round bottom flask equipped with a nitrogen inlet tube and
a reflux condenser. AIBN {1.50 mole percent, 20 mg) was
added at the start of the reactions. The flask was heated
to 80°¢C by an oil bath. Afte£ heating for eight hours at
80°C, the reaction mixtﬁre-was cooled and 15 ml diglyme was
added to aid in distillation of the hydrocarbon. Distilla-
tion of the mixture was undertaken, anad fra;tions were col-
lected until diglyme started to discil (head temperature
160 C). The distillate was washed twice with 10 ml por-

tions of water to remgve diglyme. The hydrocarbon, usual-

ly contaminated with & small amount (~5Z) of diglyme, was
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then isolated. The identicy of the sanmples was determined
by comparison of spectral data with that obtained from

authentic samples of the expected products.

General Desulfurizatign Procedure for Thioketals

The -desulfurization procedure followed was basically
the same as pre§iously described, with différences occur-
ring in the manner of_addition of initiator and reagents.
The reactions%were run on a 10 wM scale. Initially 10 mM
_of the hydride was added to 10 mM of the thioketal along
with 20 mg of AIBN. Equivalent additions of initiator and
- hydride were repeated at 2 hour iatervals up to 8 hours.
During this time the mixture was heated to 80° C using an®
oil bath preheated to that temperature. The work up pro-
cedure followed was identical to that previously described.
For S5~-hexene-2-one thioketal, when water was added to the
distilléte, only one layer was present. All attempts at

isclation ¢f a reduction product failed.
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