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ABSTRACT

GINTHER, JEFFREY PAUL The Reconversion of Ethylene
Thioketals to Ketones., Department of Chemistry
March, 1974.

Many aldehydes, ketones and other carbonyl-containing
compounds react with 1,2-ethanedithiol to give the highly
stable cyclic thioacetals or thioketals. The problem lieg
in reconverting the substituted 1,3-dithiolanes to the
e¢arbonyl compound without zltering the other substituents
of the molecule, We propose a new, direet method of
exchange with formaldehyde to reconvert the 1,3-dithiolane
to the carbonyl compound. This was acecomplished with
2y2-diethyl-1l,3-dithiolane, Also, a mechanism is proposed,
involving the formation of a sulfonium ion intermediate.

In preparatiom for the exchange study seven 1,3-dithiolanes

were synthesized.
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INTRODUCTION AND HISTORICAL BACKGROUND

Often one desires to earry out a reaction on a mole-
cule containing both a earbonyl group and some ether
funetional group in which case it may be necessary to pro-
teet the earbonyl group. One simple method is te treat
the carbonyl compound with ethylene glycol tosgenerate an
ethylene ketal., These are stable derivatives which ean be
converted back to the original carbonyl compound under
acidie eonditions. It is known that ethylene thioketals
are much more stable to acid than ethylene ketals due teo

the weak electron releasing nature of sulfur.

enzs\c/a N j:cnz?\\/ﬁ B0, R\
CHps”

b s Lﬂg CE2S “R! i
*
(1) HSCH, CH,SH

The intermediate (I) has a very small probability of
forming since there is very poor overlap between the 3p
orbitals of sulfur and the empty 2p orbital of ecarbon,
This tendency ef sulfur not to form carbon-sulfur double
bonds also is observed in the difficulties in preparing
thioketone monomers,l

Preparation of cyclic thioketais was first studied by
F.‘a.sbendemz’3 in 1887. The parent compound, the thioacetal
of formaldehyde, was first isolated by Gibson? in 1930 by
reacting 1,2-ethanedithiol with formalin with hydrochloric
acid as the catalyst. This method, however, gives only a

30 percent yield, according to Challengers, accompanied by



a large amount of polymer. The Bunte salt (1) can be
reacted with formalin and hydrochloric acid to give a 50

to 60 percent yield of the 1,3-dithiolane.®

BrCHy CHpBr NagS20x, mao3sd§3352o3Na (1) ~9§§i>[:l;:]

Methylene chloride and 1,2-ethanedithiol in the
presence of base gave a 26 percent yield of 1;3—dithiolene
with a ten-membered ring and polymer., This polymer later
gave a 30 percent yield of 1,3-dithiolane upon heating,
according to Tucker and Reid. 7

HE -CHoOHp-SE ~EE0ES, B30H, [:__ CHQ-S-CHQ-S-?HQ

8HoC1p
30 s Teflux H2-S-CH2—S~CH9

ALHCL (ol p-5-CHY CHo~S}x

Meadow and Reid found that the polymer would not break
down without the presence of a halide.8

Dithiolanes substituted on the 2- position were first
studied by Pasbender>*4 when he treated an aldehyde or a
ketone with 1,2-dimercaptans in hydrogen chloride gas.
This is still the accepted procedure with a few minor
modifications, such as using p-toluene sulfonic acid and
azeotroping off the water with benzeneg, or using boron
trifluoride etheratel® Hauptmannll has used zinc chloride,
another Lewis acid.

The masking has been applied to sugars, first by
Lewrencel? in 1896, using 1,2-ethanedithiol with aqueous
hydrochloric acid as the catalyst. Zinnerl3 proposed in

1953 to use ion-exchange resins to remove the catalyst in

the sugar reactions. Fieser used this masking of carbonyls



on some of the steroid series using boron trifluoride
etherate as a catalyst.lo

Israel Shahak and Ernst Emrgmann14 were prompted to
lcok for a method less irritating to the nose and neater to
work with, so instead of using 1,2-ethanedithiol, 1,2-di-
methyl-4,5-bis(mercaptomethyl)benzene (1), was employed to

(1) CHz# ~CHZJ5H
CHz= ~-CHpSH

give crystalline, odorless thioketals which are stable to
acids and bases as well as to organo-magnesium, organo-
lithium compounds, and to borohydride.

T™he conversion back to the carbonyl compound, as noted
above, is the most troublesome problem. There are a number
of method§ available for this, the earliest being the use
of mercury aalts.15’16517’17a Seebachl? envisions the

mechanism as the mercury acting as a lLewis acid:

Ch IR X

1, HgCl
-HgCl R
e g e ;%»JH _g® SHeC1
‘ﬁé&i'* ) * R’ ———— +2 ‘HC3
e S-HgCl .. SHgC1

Some found the acetate salts of mercury to be betterl6

and Fischer17a was able to use silver nitrate ih the same

manner., Various agents were used to remove the acid,

26, calcium carbonate, and

including cadmium carbonate
mercury (II) oxide,1® Other electrophilic resgents have

proven very successful, for example, the use of methyl



fluorosulfonate,la
\ ¢ GHB
N Op), + 2 FS0sC el ()
. N o + 2 PSOs
W e 2in IS /C\$}?n 3
CH
o, ,
Ne=0
RX

and triethyloxonium tetrafluoroboratelg.

<}<J Bt ‘BM b ><C] 3% _CuS0, . <:>=
1 mole

Et BF4
Et
S ®s
‘ % Ee
5 2 moles
) & '
Et 2BF4 #
[jS-Et
S-Et
20

Thallium (III) trifluoroacetate“” may act as do the
mercury salts., It is known that thallium (III) trifluoro-
acetate attacks methyl benzoate by complexing with the

oxygen before attacking the ring.20a

CHz 0 CH; O CH; O 0
30 i ‘Tl(ooccr3 )3 TN T1(00CCF; ),

-

Perhaps the following happens then:

/R f ]

P S -t 1 3
3{5‘-@1( 00CCPF% )3 i >€s i
"l F R




0
i Il
T1( OOCCF S S + R-C-R
HoO : { |
2(FBCCO®)T1 Tl(OOCCF3)2
Oxidation of the sulfur to the monosulfoxide, the
disulfoxide or the sulfone has proven useful under certain

cireumstances. The disulfoxide is formed from l-chloro-

benzotriazole (1)3;

?I
NE %
b,

the former is then decomposed to the earbonyl with sodium
hydroxide.21 Daum and Clarke tried a rather harsh oxidatiom
on a steroid derivative.22 A tetrahydrofuran solution of
the thioketal with excess monoperphthalic scid in ether
produced the sulfone, which was then refluxed with sodium
ethoxide in a nitrogen atmosphere. Oxygen was then bubbled

through the solution to produce the ketone.

SQ, ~CH, Q,-CH,CH,OR'' R SO,CH
R)c( ol ke R}cis" A b e
RY S0, -CH, Rt S0°Wa® R ?H:.
OR'"
R\, 450,CH,CH, 0R" ! R e
0' C ) e
> g e > 00 + S0, uE, 08

Nieuwenhuyse and Louw oxidize the thioketal either with
hydrogen peroxide im acetone and water, or by sodium periodate
and water.23 They picture the following as taking place:

\c(S 3 2 7 e ~CH=SOH) \‘c’
0

R, ‘SOCHs > K, “SOGHs ~ R; |
H



Gauthier and Vaniscotte oxidize with bromine’4, or chlorine,

postulating one of the following mechanisms:

8. B i S = m a-‘s=o
R-8~ B s Rag “F %> p e
») R-S 0
R—S>CH—R. e R—g

" R-—T—'—‘O :
CH-R' _C1 + R'CHO
R—ﬁ/ g
0

When bromine wags used;

?HQ_S/\CH-R Br,  RCHO + el jor2 0y

CH, 45 “E;fr‘ CHy-S  SCH,CH,S

(1) (2)

both (1) and (2) were obtained, so mechanism a) may be the
correct one.

Both Seebach?? and Corey and 0rouse26 have found N-
bromosuccinimide-and N-chlorosuccinimide successful.
Huurdman and Wynberg recently found that "Chloramine~T"

(sodium-N-chloro-p-toluene sulfonamide) (3) works well in

Cl
(3) CHs @S%Né
Na

agueous methanol-ethanol solution.”? Emerson snd Wynberg” 2

worked with both dithiolanes and oxathiolanes (4).

(4) X?:]——é }0 X2 0,8

They tentatively believe that the sulfur acts as a nucleo- .

phile towards the nitrogen and the following takes place:



* ok Rk R.®.X
\/ > Z

_IsNCINay g L ] ]
B s] TS s; == 15 ‘"’R*’ s

A NTeg *  ONTs eNTs
unstable zwitterion
sulfilimine
H,0 B
R'

This mechanism is supported by the formation and isolation

of the following:

SQ»NH Sﬁms
CH oNHy HO-CH, CH
3 g Fo Gy “NHTs

(Ts=p~CHz~CgH,505<)
A second mechanism may be suggested considering that the
halogen (chlorine), as thé eation, may attack the sulfur,
forming a sulfonium ion, This second mechsnism mey explein

the action of N-chloro- and N-bromosuccinimide.(1),

(1) N—X ? X BI‘, Cl’

on the dithiolanes. It is known that NBS reacts with
hydrogen bromide to form bromine and succinimide, prob-
ably generating the positive halogen ion in the procees.
The first mechanism may be only a minor pathway, but then,
thevactioﬁ of benzotriazole on 1l,3-dithiolanes might be
explained with it.

Finally, to complete this 2ist of potpourri, Ho, Ho,
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and Wong28 used ceric ammonium nitrate with greast success,

With all this recent study; it is a wonder that no one
has thought of the simple exchange proposed in this paper,
that is, an exchange of one“@arbonyl tied up as its 1,3-di~-
thiolame for another more reactive carbonyl.

We first prepargd a ﬁeries‘of seven 1,3-dithiolanes,
including 133-dithiclene itself. The latter wes prepared
80 as to be able to identify it as a byproduct in the

exchange 3

s‘\[*}; e s(?s v R-(T-R
e 7\
H H



THEORY

The method of formation of thioketals is assumed %o

be the following:
R’ R
0=0 + HS-CHp-CHp-SH —=> R-C-0H -H» R-C-0H,

i:U | }\_\é
S-CHoCHpSH  S-CHpCHoSH
RY R"
| S-CHp | S~CHo-
(SH2-1like).. R-C(S —— n-c:s L 5®
Tl g e S~CHo
&
+
H,0

This is similar to, but not identic=2l to, the mechsniem
thought to ecccur for the preparation of ketajs, putl fhe
strong nucleophilie character of sulfur brings about an
easy displacement of water. The mechanism for ethylene
ketal formation would differ in that the step labelled "SN2-

like" would be SN1, involwving the oxyearbonium ion:

R'E R' He
| le | @ Vo _b6-CHy
R-C-0H y B-C=0-CH,CH,0H __, R-ﬁ}\o.clms,
0~CHy CH, OH L

Here one sees a pi bomd between the e¢arbon and oxygen
which is less likely with sulfur., By the same reasoning the
reverse reaction with thioketals is very slow.unless a=n
electrophile becomes attached to the sulfur to make it a
good leaving group.

The following exchange mechanisms are therefore

suggested,



E 5

R R
(I) CHp~S. ,R E CHo-S._ R CHoS\Y,
& e=0 el o Q S0%m
CHp+8” 'R' H ; e cH@»§®7 ' = CHpS
H-C~OH
B

N

¢ us0e W
CEy-8” S " re

This is an SN1 intramolecular attack by R-OH,

(II) CHp-S ® CH,-S_ R o -gso R |
\ 2 \C<R 5 =0 H | p=S C B0y g Q(
- CHpss” R' B TN T CHp-S R!
&
HC~OH . JOH
H
H‘pH
CHp =3 N CHySH CHp-SH CHp-8,
""CHQ—? \R' T CHpSCH,0H ~— CHp-SCH O, tHp-s”
+
CH,,OH: ®0H 0 0
. I I | +HE
IQ IC\ C
K R R R vl

Thig is an SN2 attack by water with sulfur as a leaving
group, followed by a proton exchange to the sulfur with the

hemithioketal bresking down to the carbonyl compound.

(III)
+ CH-DH S CHBOH —> § |
s\c/ Hy0H —> s\cgs-CHb H : S-CHpOH
R’ “R' R7A R R-?—R'
i DOH
S_ ,S~CHoOH |
i CHo
]
R b
S R
c
s/ \R'
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& ke 1 | iy 8 )
H S  SCHp0H HS 8§ N B
£ | NZ
| h
= b W
CHp R'-C-R R'C-R
i | I
5. R 0 0
i CHp CHp
o] R l @‘
8 R 5
[ € f
s” “R! s” “me
®
w0
: g Vo I,
. S\,c( . T = =& CDR T ﬁ R
H H | 0 0
0
I 9 CHg H-0-H
CHp ste
% o *—r_——g
W {j @ ”
[b/C\R' s \R' | f—s: <R
H20 .9 Rt

This is an SN2 intermolecular attack by R-OH.

The first mechanism involves no water, but does involve
a sulfo-carbonium ion which is not too stable, The second
mechanism sounds reasonable if there is indeed water present,
but the backbone of the mechanism is centered on the water,
and if that is absent, the reaction would not take place,
The last mechanism is perhaps the best of the three mechesnisms
suggested because all the water necessary is genersted from
the reaction and the reaction products are in themselves
reaction ihitiators., All make use of the ability of sulfur

to form an intermediate sulfonium ion with strong electro-



1?2
philic character, It is possible that all three processes

take place in the reaetion mixture.
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EXPERIMENTAL

I. Preparation of 1,4-Dithiaspiro(4,5)decane (1):

X

To 49.1 g (0.5 mole) of cyclohexanone were added 47.1 g

(0.5 mole) of 1l,2-ethanedithiol, one g of p-toluenesulfonic
acid and eleven ml of benzene, Heating for about 30 minutes
gave 7,9 ml of water collected in a Deén-stark trap. After
evaporation of the benzene, 74,1 g (85%) of 1,4-dithia-
spiro(4,5)decane were collected at 132°/24 mm , (1it., 107°%/

5 mm°%), (sample 5-1)3 ir S-CH,, 2675 em™1, S-CH,, 1450 em~l;
©-S, 680 em™1 (Fig. 1); mmr, ppm 3.06 (4,s), 1.82 (4,m),

1.41 (6,m) (Fig. 2).

11, Preparation of 2,2-Diethyl -llg-dlthiolane. It2):
CH3-8H2
ik
S

CHB-CH2
This was prepared by a similar procedure in 65 percent

yield, bp 102°/18 mm (sample 101-18-1): i nmr, ppm 3.6 (4,s),
2.18 (4,q), 1.16 (6,t),(Fig. 3).

I1I, Preparation of 2,2=-Diethyl-1,3-dithiolane, B:

To 23,6 g (0.25 mole) of 1,2-ethanedithiol were added
21.5 g (0.25 mole) of 3=-pentanone, the mixture was shaken
well and added slowly to five ml of ice=-coocled boron- tri-
fluoride etherate, After stirring and then storing over-
night at Oo, the product was then dissolved in ether and

washed with one M godium hydroxide solution and then with



4

water, After evaporation of the ether, 2,2-diethyl-1,3-
dithiolane was collected at 105°/22 mm in a 76 percent

yield, (sample 29-2): ir S-CHp, 1425 cm'l; c-8, 690 cm
(Fig., 4); nmr, ppm 3.6 (4,s), 2.18 (4,q), 1.16 (6,t) (Fig.3).

1

1V, Preparation of 2,2-Dimethyl-1,3-dithiolane (3):

o X

CH3
A gsimilar procedure as in III1. was used to obtsin the

2,2-dimethyl-1,3~-dithiolane, boiléng at 66-70°/18 mm, (1it.

89°/14 mm>0) in a 66 percent yield (sample 39-1): ir S-CH,
2700 em~1; S-CH , 1420 em~1; C-S, 680 em~1(Pig. 5); nmr,

ppm 3.2Y (4,8), 1.7 (6,8), (Fig. 6).

V., PFirst Attempt at Preparation of 2,2-Diphenyl-1,3-

dithiolane (4):

ANV BN

To a solutioh of benzo_phenone (0,25 mole) in 100 ml of
benzene were added 1,2-ethanedithiol (0.25 mole) and then
three ml of boron trifluoride etherate dropwise, After 2ll
the catalyst was added, the mixture was stirred well and
stored overnight at 0°, The product was then washed with
one M sodium hydroxide and water, then distilled at 172-177°%/
15 mm in a 24 percent yield, This product was deep blue in
coler and solidified; it was recrystallized twice from 95
percent undenatured ethanol, Initially a melting point of
30=-32° was recorded (semple 47-2), but an nmr scen showed
excess ethanol. The sample was dried over a Buechner funnelj;

the mp was then 40-41°, An ir spectrum showed practically



1%

an identical benzophenone spectrum.(Figs. 7,8). It has
been noted that impure benzophenone may have a bluish tinge
and that it melts at 49°,51

When sample 47-2 was recrystallized in the ethanol a
white floc did not dissolve., The floc was dried and melts
at 146-148° (sample 47-1), Note that 2,2-diphenyl-l,3-
dithiolane melts at 106°2; ir 0=0, 1660 cm™ 3 S~CH ,
1420 em™'; C-S, 695 em”'(Fig. 9)s No solvent could be
found, including benzene, IMSO, dioxane, carbon tetrschloride,
ethanol, water, and chloroform, so that an nmr spectrum

could not be taken., A carbon-hydrogen analysis showed:

41,7% C, 4.4% H,

VI, Preparation of 2,2-Diphenyl-l,3-dithiolane:

To 22,8 g (0.125 mole) of benzophenone were added 11.8 g
(0,125 mole) of 1,2-ethanedithiol, one g of p-toluene sulfonic
acid and ten ml of benzehe for use in azeotroping off the -
water into a Dean-Stark trap., Heating for about 30 minutes
gave 2,2 ml of water collected in the trap. Upon cooling,
the solution turned brownish and appeared to solidify in
part. After this was cooled to room temperature ten ml of
one M sodium hydroxide were added, whereupon a violent
reaction took place, Much of the volume appeared to solidi-
fy into a yellowish substance, with some clear lioquid -
remaining. Ten ml of benzene were added and the mixture
shaken, The clear liguid turned greenish st this point.

Upon heating this mixture two layers formed again, = dark

brown bottom layer and a cloudy, whitish upper lsyer, This
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mixture was then cooled to room tempersture,

The layers were then separated with a separstory funnel,
whereby it was noticed that there were two liquid layers
with some crystals not soluble in either. The crystals were
dried over a Hirsch funnel, These melted at 1047 Since
they were brownish it was thought that they might be impure,
They were boiled several times in acetone, which would
dissolve any dithiolane or ketone, and when no more of the
crystals dissolved, the remaining powder was dried over a
Hirsch fumnel, and washed with acetone several times. The
remaining powder was light brown in color; at 133° the
powder changes composition but still has not melted at 207°.
(sample 89-1): ir S-CHy, 1420 cm'l;C-S, 680 cmfl; aromstic,
T40 cm“l,(Fig. 10). An nmr spectrum could not be teken for
lack of a solvent, A carbon hydrogen snalysis showed the
following: 25.8% C, 4.5% H, With this informatien it might
be possible that sample 89-1 is an eight membered disulfide
ring (5) with 26,06% C,4,37% H, or some polymer of the same

«& ", ON
(S) $ 2 CHge
S-CH, CH,-S
The benzene layer, described above, was dried over

composition.::.

anhydrous calcium chloride and filtered. Several crystels
formed on the filter paper, melting at 103-105°, When the
dry benzene solution was being‘evaporated the solution
turned a green color, When the benzene was completely -
evaporated the remaining substance cooled to = light green
s0lid, melting at 102-103°, It was not soluble in cold
ethanol, but recrystallized white in hot ethsnol. The



&

white solid was dried over a Buechner funnel and melted at
103-104° (1it. 106°32), This was the 2,2-diphenyl-l,3-
dithiolane in 64,5 percent yield (semple 85-2): ir S-CH,,
1420 em~1l; C-S, 697 cm~l; aromatic, 3050 em=1, 1600 em-1,
1480 em~1, 740 em™l (Pig. 11); nmr, ppm 3.25 (4,8), 7.15
(10,m) (Pig. 12). ”

VII, Preparation of the Cyclic Thioketal of Benaoxlé

acetone (6): o g~i;
// \ 2~CHL:c-CH3 (Q

e

To 8.1 g (0.05 méle) of benzoylacetone were sdded 4.7
g (0.05 mole) of 1,2-ethanedithiol and 15 ml of benzene.
The mixture was shsken well and to it was added two ml of
boron trifluoride etherate, There was no immediate change,
but it slowly turned cloudy with a slight evolution of heat,
This was then stored at 0° for several days. A few crystals,
formed at the bottom of the flask, mélt at 155° (sample 63-1):
ir C-S, 680 em™'; S-CHy, 1440 cm™' ; =OH, 3450 cm™ ; aromatic,
2920 cm", 1600 em™ , 1550 em™, 1500 cm ~', 705 cm ' (Figs.
13, 13a); nmr, ppm 7,45(m), 3.29 (2,s), 2.31 (4,s), 1.89
(5,8) (Fig. 14). Note, the solvent used, DMSO-6d, seemed to
react with the compound, as the solution turned from clesar
to brownish upon standing. Cosequently the nmr spectrum

may not be accurate, A possibility for the gtructure of

$-CH,CH~ g

ample 63~ ight be:
sample 63-1 mig /,.\ \ :
cl-c\-\,k«(",— cy
—/ OH OH

but this is difficult to tell without an integrastion on the

nmr and a C-H analysis.
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Upon washing the rest of the solution with sodium
hydroxide and water, an orange color pervaded both aqueous
and benzene layers. Upon drying the benzene layer with
caleium chloride, most of the color disappeared. The
erystals dropped out of solution upon standing at 0°, They
were dried over a Buechner funnel and récrystallized with
ethanol. A ten percent yield of the dithiolane was collected,
melting at 70-71° (sample 63-2). No literature value was
available, but a similar compound, (7), is reported to melt
gl C-H anal. of 63-2

o .
<C::>>L-cﬁlic-ﬂ (7) fépad  cale,

C 62.2% 60,.5%
7.0% 5 .8%

somewhere in the area of 74.5-80°,33,34

ir e-s, 685 cm~l; S-CH , 1405 em™1; C 0, 1700 em~l; aromatic,
3000 cm”l; 1600 cm“l, 740 cm’l (Pig, 15); nmr, ppm 1,88 (3,8),
3,15 (,8), 3.61 (2,8), 7.42 (5,m) (Pig. 16). A comparison

to the. ir spectrum of benzoylacetone indicates a loss of

the carbonyl absorption at 1730 em™! (Pig. 15a).

VIII, PFirst Attempt to Prepare 2-Methyl-l,3-dithiolane:

To 47.1 g (0.5 mole) of 1,2-ethanedithiol were added
44,0 g (1.0 mole) of what was labelled acetaldehyde. It
was later found that the acetaldehyde had a boiling range of
71-175°, The reaction flask became slightly warm before
the catalyst was added, When one ml of boron trifluoride
etherate was added.the flask became hot and the mixture
gtarted to reflux. After thirty minutes had elapsed the
solution was washed with 0.1 M sodium hydroxide, and dried

over anhydrous calcium chloride, The product was then dis-
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tilled, whereby four main products were obtained., A yield
of 17 percent of the 2-methyl-l,3-dithiolane resulted, bp
68-80°/20 mm (1it. 77°/14 mm 3°) (sample 41-1): ir S-CH,,
2700 em'lg S=-CHy, 1430 cm'l; c-3, 680 cm‘l; significant
absorption at 1730 and 3460 em™L (Pig. 17); nmr, ppm 4.5
(1,q), 3.15 (4,8), 1.55 (3,d) (Fig. 18).

The other fractions are as follows:

Sample 41-3: bp 142-165°/15 mm
ir S-CHp, 2700 em™l; S-CH,, 1420 em™1; C-S, 680 em~l; signi-
ficant absorption at 1720 and 3400 cm~1 (Pig. 19).
nmr, ppm 4.58 (1,q), 3.67 (2,8), 3.16 (4,8), 2.8 (m), 1.72,
(m), 1.17 (4) (Fig. 20).

Sample 41-4: bp 148-174°/15 mm
ir S-CHp, 2700 em™; S-CHpy, 1430 cm—l; c-S, 680 cm™l; sig-
nificant absorption at 1730, 2550, and 3440 om™t (Pig. 21).
nmr, ppm 4462 (k@) 3.7 (2a), 3420 [(8,8), 2.79 (2.m),
1,82 (m)y 1.18 (3,4) (Bigs 22).

Sample 41-5: bp 174-177°/15 mm
ir S-CHp, 2700 cm™; S-CHp, 1440 cm™; -5, 680 cm™l; sig-
nificant absorbance at 1720, 2550, =nd 3420 cm™1 (Fig. 23).
nmr, ppm 4.58 (1,q), 3.80 (1,m), 3.40 (1,s), 3.14 (4,s),
2.78 {6.m), 1.72 (0),: 2.38 (3,8) (Pige 24),

There is also the possibility in 211 these compounds of

¢-0 absorption at 1150 em™1,

IX., Second Attempt to Prepare 2-Methyl-l,3-~dithiols=ne:

A sample of paraldehyde (70 g) was converted to acet-

aldehyde (bp 33°) using 3.5 ml of concentrated sulfuric acid
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and 3.3 ml of water, The pure acetaldehyde (31 g, 0.755
mole) was reacted with 47.1 g (0.50 mole) of 1,2-ethanedi~
thiol and no catalyst was needed for initiation of the
reaetion. Three main products were obtained from the pure
acetaldehyde; the products were dried over cslcium chloride
and distilleds

- Sample 59-1: bp 63-73°/15mm (1it. 77°/14 mm By,
probably impure 2-methy1§1,3-dithiolane.
ir S-CHy, 2720 em™l; S-CHp, 1430 cm™l; C-§, 683 cm~!l; signi-
ficant absorption at 1690 and 2550 cm~l.(Fig 25).
nmr, ppm 4.7 (1,q), 3.38 (4,8), 2.87 (7,m), 2.11 (5,m),
1.72 (3,d) (Fig. 26)

Sample 59-2: bp 155%2/15 mm
ir S-CH,, 2720 em~l; S-CHp, 1420 cm-l; C-5, 683 cm-1l; sig-
nificant absorption at 1690, 2550 and 1150 em-1 (Fig. 27).
nmr , ppm 4.68 (1,q), 3.33 (4,s), 2.92 (3,m), 1.72 (3,4d)
(Fig. 28). |
Sample 59-3: bp 162-170°/15mm

ir S-CH,, 2710 cm=1; S-CH,, 1420 em-13 C-§, 690 em-1;
significant absorption at 1690 and 2550 em~1 (Fig. 29),

An nmr spectrum was not available due to a break down of tue

ingtrument.

X, Final Attempt to Prepare 2-Methyl-l,3~dithiolane:

A  pure sample of paraldehyde was used in this attempt.
To 94 g (Onevmole) of 1,2-ethanedithiol were added 44 g
(0.3% mole) of paraldehyde and one ml of boron trifluoride

etherate, producing an exothermic reaction. The product was
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cooled, washed with water, dried over calecium chloride =nd
distilled. PFrom this six products were separated, aslbeit -
not completely.

Sample 61-l: bp 77-92°/30 mm (1it. 77@/14mm‘35), most
likely 2-methyl-l,3-dithiolane,
ir 3-CE,, 2730 em~l; $~CHp, 1420 em™l; C-S, 680 em ; signi-
ficant sbsorption at 1690 and 2550 em-1 (Fig, 31),
mmr, ppm 4,48 (1,q), 3.15 (,s8), 1.52 (3,d) (Fig., 32).

Sample 61-2: bp 92-101°/30 mm

Sample 61-3: bp 106-112°/30 mm

Sample 61-4: bp 123-168°/30 mnm

Sample 61-5 bp 206-216°/30 mm

Sample 61-6 bp 218-2230/30 mm
ir S-CHp, 2730 cm™l; S-CHp,1420 em~1l; ¢-§ 700 em~1; signi-

ficant absorption at 3510, 2550, 1710 en' (Fig. 33).
nmr, ppm 4.21 (2,q), 3.00(16,8),72:18 (4,m), 1.80 (6,d),

1.41 (1,d) (Fig. 34).
There is also a possibility of C=0 absorption at 1150

cm

XI, A,. Pirst Attempt to Prepare 1,3-dithiolsne:

When 1,2-ethanedithiol (47.1g, 0.5 mole) was herted in
ten ml of benzenq@ith 15 g (0.5 mole) of paraformaldehyde,
a white solid was the major product, with or without the
use of p-toluene sulfonic acid as the catalyst. 4 yield,
after much drying in a vacuum oven, which probably accounts
for any desired product and unreacted dithiol, of 23,2

percent was obtained of this white solid. A carbon-hydrogen~
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analysis showed 33.7% C, 6.3% H; if the rest is assumed
to be sulfur, the empirical formula would be C3zHgSo,
This corresponds to the formula of a linear polymer,
(CHy-S-CHyCHp-S}y. The sample melts at 118-119° (1it. 105-
110° 38); ir 5-CHy, 2720 om™l; §-CH,, 1430 cm™l; C-S,,"
670 cm~1 (Fig. 35). The nmr has not been taken for lsck of
a solvent, the search for which included toluene, methsnol,
ethyl acetate, water, carbon tetrachloride, amyl acetate,
acetic acid, chloroform, cyclohexanone and dimethyl form-
amide, This compares with Gibson's description of the poly-
mer he obtained.36(8ample 13-0)

B,. .Second Attempt to Prepare 1,3-Dithiclsne:

Gaseous formaldehyde was bubbled through a benzene
(100: m1) solution of 1,2-ethanedithiol (0.084 mole) and
one g of p-toluene sulfonic acid. The product was then
washed., A product was obtained, boiling at 67°/17 mm (1it,
65°/14mm 37) in a 22.4 percent yield, (ssmple 29-1),

The nmr spectrum shows an abundance of pesks, too
complicated to make any sense of; there are two pesks that
may indicate the presence of the desired product:
nmr, ppm 3.05 (s), 4,55 (s) (Pigure 36).

The method of preparation followed here was suggested
by Fuhrer and Gunthard, who claim 2 90 percent yield.38

C., Third Attempt to Prepare 1,3-Dithiolane:

Gaseous formaldehyde generated from paraformaldehyde
was bubbled through a benzene (200 ml) solution of 1,2-ethane- .
dithiol (0.2 moles) with 2.5 g p-toluene sulfonic acid as
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catalyst. The product was washed with one M sodium hydroxide
and water, then dried over calcium chloride, The solution
was then distilled, and a 9.4 percent yield was obtained at
90°/30 mm (1it. 65°/ 14 mm 37), (sample 33-1),
ir S-CHp, 2680 cm~l; S-CH,, 1420 em~l; C-8, 680 cm~l (Fig. 37)
nor, ppm 4.13 (2,8)5 3,41 (4,8), (Pig. 38).

D, Fourth Attempt to Prepare 1,3-Dithiolane:

Gaseous formaldehyde generated from paraformaldehyde
was bubbled through an scetie acid (100 ml) solution of
0,168 mole of 1,2-ethanedithiol., The product was washed
with one M sodium hydroxide, water, snd then distilled. The
product was collected at 71-39/22 mm in a 5.6 percent yield
(0.97 g) (sample 65-1).
ir S-CHy, 2830 cm'lg S-CHp, 1420 cm"l; c-5, 680 cm'lg signi-
ficant absorption at 1685 em ™t (Pig. 39).
nmr, ppm 4.10 (2,8), 3.40 (4,s) (Fig. 40).

E, Fifth Attempt to Prepare 1,3-Dithiolane:

To one half mole (37.5 g) of aqueous formsldehyde (40%)
were added 47.1 g (0.5 mole) of 1,2-ethanedithiol. The
reaction took place without the use of a catalyst; it was
afterwards heated for several hours to insure completion of
the reaction, azeotroping off the water in the process. The
solution was distilled and four products were actually
obtained, the first being the impure 1,3-dithiolane,

(sample 71-2), bp 78-90°/26mm (1it 65°/14 mm 37), in a 21.2
percent yield. three other products remain in guestion,

ir (71-2) S-CHp, 2850 em™l; S-CH,, 1425,cm™1; C-S, 680 cm~}
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significant a2bsorption at 2550 and 3350 em™1 (Rig. %L).
nmr, ppm 4.05 (2,8), 3.34 (4,8), other pesks indicate impuri-
ties, and these two indicate very strongly that the desired
product is present, (Fig. 42).

XII, An Attempt at an Exchange with 2,2-Dimethyl-l,3-

dithiolane and 3-Pentanone: To 13.4 g (0.1 mole) of 2,2-

dimethyl-l,3-dithiolane were added 8.6 g (0.1 mole) of
3-pentanone and 0.2 ml of boron trifluoride etherate.

These were heated "and a fractionating column was to be
employed. After; ani hourvefrrefluxing, no acetone had distilled
over,

XIII._ An Exchange with 2,2-Diethyl-l,3-dithiolane and
Formaldehyde, A, PFirst Attempt: To (0.125 mole) 20,20 g of

2,2-diethyl-1,3-dithiolane were added (0,125 mole) 3.75 g
of paraformaldehyde and 30 ml of benzene with 0,3 g of p-
toluene sulfonic acid as catalyst.

The mixture was shaken and refluxed for one s2nd one half
hours., The solution steadily turned yellowish, then brownigh,
The product was distilled on'this attempt, under vscuum,
immediately losing some of the desired ketone. The solution
definitely smelled of 3-pentsnone, but difficulties demanded
redistillation. The product came over at atmospheric pres-
sure at about 90—100o (there were difficulties in excessive
bumping) and a 38 percent recovery of 3-pentanone was obtained
(sample 95-2), '
ir C 0, 1680-1740 cm' (PFig. 43); a compérison of this spec-
trum with' that of pure 3-pentanone (Fig. 44), shows almost
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complete identity.

nmr, ppm 0.58 (6,t), 1.91 (4,0); there ere a number of smaller
peaks which might be attributed to starting materisls,.

(Pig. 45).

The residue could not be distilled any further due to
some apparent continuing reaction, noted through the deep-
ening of the brownish color of the solution, and due to the
excessive bumping.

B. Second Attempt: The same procedure wass followed as

in the above exchange attempt except that (0.375 mole) 60.60
g of the 2,2-diethyl-l,3-dithiclane was used, as well as three
times the péraformaldehyde uged in the first sattempt. The
solution was filtered before distillation, and the vacuum

was not applied until after the ketone was drawn off, The
ketone came off cloudy and low in tempersture, so redistill-
ation with a fractionating column was in order., DBengene

came off at 80,5-82° gnd the impure ketone csme off at 9l-
106°, The yield was extremely small, a~matter of = few

drops. A rough ir scan showed a large amount of ketone in

the benzene fraction,

G, Third Attempt: This time the benzene was sacrificed

as a solvent. To (0.125 mole) 20.20 g of 2,2-diethyl-1,3-
dithiolane wes added an excess’ (about 0.3 mole) of paraform-
aldehyde and 0.3 g of p-toluene sulfonic aecid. The mixture
was refluxed for sbout three hours; the solution wss still
yellowish, however. The mixture was then distilled and at

83° the first product came off yellowish, about 8.7 g, which
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would be an 80.5 percent recovery if it were 211 ketone,

However, redistillation produced about a 40 percent recovery,

still impure, boiling at 95-100° (sample 107-1).

ir C=0, 1680-1720 cm™1l; S-CH,, 1420 cm™1(Fig. 46);

nar, ppm 0.54 (t), 0.59 (t), 1.91 (aq), 2.25 (q) (Figure 47).
The residue, however, was cooled and then distilled

under reduced pressure, and 6.5 g of 1,3-dithiolane collected

(sample 107-2), a 50 percent recovery, at 67°/15 mm.

ir S<CHp, 2840 cm~l; S-CE,, 1420 cm~1; C€-S, 680 em~1; C=0,

1700 em~! (Fig. 48). The carbonyl absorption is probably

due to residue remaining in the condenser,

nmr, ppw 3.92 (2,8), 3.29 (4,s) (Fig. 49). Comparisons to

previous dats show this to probaﬁly be 1,3-dithiolane.

X1V, Attempt to Exchange 2,2-Diphenyl-l,3-dithiolane
and Formaldehyde: The same procédure as above was used; no

solvent was employed, an excess of paraformaldehyde was used.
However, in trying to recover the ketone, Girard's T reas-

gent, (1), was employed, but it was later found that this
0

(35 -t [(CH3)3NPCH2dirNHéJ
reacts only very slowly with benzopheﬁone39, and so no ketone
wasg recovered., The plan was to treat the product mixture
with Girard's T reagent, which combines with ketones to
form water-soluble compounds. This salt was then to be - .

extracted with water and the ketone recovered by hydrolysis

with hydrochloric acid.

Note: IR spectra were made on a Perkin=Elmer 727 infra-
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red spectometer, and MMR spectra were taken on a Varian

Associates A-60 NMR spectrometer,

A comparison of typical ir bands in the 1,3-dithiolanes
is made in Table 1, Appendix B, the ir spectra in Appendix
A. A comparison of NMR gpectra of the 1,3-dithiolsnes is
made in Table 2, Appendix D, the nmr spectrs in Appendix C.
Table 3, Appendix E, is a table of the dithiolanes and their

physical propertiies,
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DISCUSSION

Several interesting things have come out of the exchange.
There is a definite indicatiom that the diethyl ketone is
regenerated when the 2,2-diethyl-l,3-dithi®lane is reacted
with paraformaldehyde, and that 1,3-dithiolane is formed.
The nmr spectra of the regenerated ketone produced some
interesting questions (Pig. 45,47):

(1) the methyl peaks and the methylene peaks are very
far upfield for such a close proximity to a carbonyl group;
(methyl obs. 0.58 ppm, accepted 1l-l.1 ppm; methylene obs.
1.91 ppm, accepted 2,35-2,4 ppm)%o This might be due to a
malfunction in the instrument.‘ The TMS peak for these
samples was also not observed. A reference diethyl ketone
nmr spectrum could not be made because of a failure in the
instrument. The ir spectrum seems to identify the product
as diethyl ketone, however (Fig; 43,48),

(2) There seems to be a second set of methyl-methylene
peaks at 0,55 ppm, 2,25 ppm respectively on Fig. 47, ssmple
107-1, the ketone fraction of the second exchange attempt,
One can find essentially the same thing, only much wesker,
in the nmr spectrum of the ketdéne fraction of the first
exchange attempt at 0,61 ppm and 2.21 ppm respectively., If
these are methyl and methylene peaks, they might originate
from one of two things: .

(a) 2,2-diethyl-1,3-dithiolane has methyl absorption -
at 1,16 ppm and methylene at 2.18 ppm. There is a small

triplet at 0.91 ppm. That might account for this compound
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in Pig. 45, sample 95-2, the ketone frqction from the first
exchange attempt,

(v) The other possibility is tentatively the thioketone
(A) or its trimer (B):

CB3CH .o (a) CH;CH@\C/CHQCH3 |
CiisCHY ?/ \? (B)
i ;?-cﬂg CHz
BoC S ?H?
H3é CHs

Mayer, Morgenstern, and Fabian41 have found that thicketone
monomers, as well as trimers, can be formed from ketones in
acid medium, as well ag from ketals. However, gem-dithiols
are the preferred product over the thioketones for cyclie
ketones and the trimers are preferred for low molecular
weight alkyl ketones. The boiling point of the diethyl
ketone is given as 55-65°/57mm, the refractive index as
1.4776. The refractive index of diethyl ketone, taken in
this laboratory, is 1.393%4, that of the ketone fraction of
the first exchange attempt, sample 95-2, is 1.4268, and that
of the ketone fraction of the second exchange attempt is

1.458.,

There is evidence in the ir of 95-2 (Fig.43) of C-S

stretch at 680 em~1 and perhaps C=S absorption at 1040 cm'l.

The nmr- methylene absorption would occur at 1.6 ppm and
methyl, although no reference could be found for a methyl
group of this environment, would probably lie around 0,8-1.0

ppm; these figures are of little use since the instrument
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seemed to be malfunctioning., The ketcone fractions of the
exchanges seemed to smell of sulfur and the second exchange
fraction was colored, as are the reported thioketones,

Other impurities are found in the nmr spectra of the
ketone exchange products; in 95-2 and 107-1 absorption at
3,32 indicates 1,3 dithiolane, Three peaks in’both mixtures
were not identified; 2.67, 1.58, and 1,32 ppm; this could
be because of the shift caused by the malfunction.

Impurities can be seen in the 1,3-dithiolane fraction
of the exchange (Fig. 49, sample 107-2), such as 1.16 and
1.78 ppm, perhaps an indication of 2,2-diethyl-l,3-dithiol=ne
or diethyl ketone, the latter suggested by the carbonyl
absorption in the ir (FPig. 48).

The brown color of the solution of the exchange reaction
remsins in doubt, It does appear that the smount of brown
colored éubstance increasses as the ketone is withdrawn, from
the solution, but this may be pure coinecidence with time.

Purification of the ketone is a very important step.
Only when the product can be purified will the true worth,
in percent recovery, be realized. Several things may be
tried. Different solvents may be tried, so long as they are
as neutral as benzene, Perhaps the difficulties lie in the
particular boiling point of diethyl ketone, 102°, benzene,
80°, and water 1009, Perhaps 2,2-dimethyl-l,3-dithiolane
should be tried next, taking care not tc lose the product
by evaporation. Better fractionating columns could be used.

Matters might also be facilitated by neutralizing the solution
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before distillation, as acid initiates the formation of the
thioketones and the trimers, or perhaps the deep brown color;
perhaps these are one and the same,

As per solid ketones, benzophenone was an unlucky
choice, The exchange should be tried on the benzoylacetone
thioketal, using Girard's T reagent. It was nsted by
Fieser39 that Girard's T reagent reacted only very slowly
with benzophenone. Another way to separate a solid ketone
from the solution should be searched out, in the case of

non-gsteroid carbonyl compounds,

The byproducts of the beniophenone reaction are interes-
ting to speculate on., The insoluble floc (sample 47-1) formed
in the first attempted preparation of the 2,2-diphenyl-1,3-
dithiolane is still in question, It seems to have sulfur in
it from the ir spectrum (p. 15), but there is also evidence
of « earbonyl, If an nmr could be taken, more could be said
about the compound, but it is a solid, and no solvent could
be found for it. One could almost make a case for some
type of oxide of sulfur, as the S=0 ébsorption is in the 1070~
1030 cm'1 range, and there is some small absorption noted
in the spectrum of 47-1 (Fig., 9), but S50 absorption is nor-
mally strong, and it isn't here,

The brown powder (sample 89-1) formed when the dithiolsne
was made is of interest as well. An eight membered ring wsas
suggested earlier, as was a polymer of similar composition
(p.16). Sheffer has suggested the following: it is known
that there is a transition of benzophenone to the triplet
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state in the presence of light. It is possible y then for

the following to happen:

HS -CH,CHy ~SH + O-“( N zoiry SCH20H2S
O

This would account for the insolubility and for the C-H

.SCHpCHoS & ,  SCHpCHoS Iy

analysis,

The byproduct of the reaction of benzoylacetone with
1,2-ethanedithiol, sample 63-1, was interesting in that it
seemed to react with DMSO upon standing, forming, in a matter
of days, a bright, red-brown solution. It was this complica-
tion, plus the fact that IMSO was the only solvent found
for 63-1, that makes the nmr spectrum questionable, It
was suggested by Sheffer that the following structure

could be assigned to it on the basis of a rough integration

of the nmr peaks: JCHQCHQ (2)

<‘>-C-CI'L2-C-CH
s (1) )

It is assumed in the explanatlon of the integration (p,17)
that the methyl group hydrogen have perhaps the same absorp-
tion as the methylene (1) group hydrogen. There is a
possibility for this as seen by the ir O-H absorption, weak
as it is, at 3450 em~! (p, 17). A better picture can be
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gained through a C-H analysis.

The products of the preparations of 2-methyl-l,3-
dithiolane are extremely interesting, as the ir and nmr spectra
are very similar., The ir spectra show absorptions about 1690,
2550, some at 1150, and some at 3420-3500 cm”l. The absorp-
tion for S-H stretch occurs at 2600-2500 cm“l,,czo absorp-

1 yith dimer-

iged aliphatic acids absorbing between 1665-and 1720 cm”l;

tion occurs anywhere between 1540 and 1870 em™

C-0 absorption can be from 1000 to 1300em™t , with :

ethers sbserbing frem 1150 te 1185 en *

, and tertiary alcohols
absorbing from 1120 to 1200 em™ ., The absofption at 3420-
3500 em-l is probably acidic or alcoholic -OH.40
Acetaldehyde emsily condenses withitself to produce an
aldol, This process can continue for long chain lengths.
Acetaldehyde also forms a cyclic compound, paraldehyde. The
condensation products can dehydrﬁteg to give unsaturated
compounds, With all these possibilities it is reasonable to
have such a gamut of compounds., Notes the the ir absorption
for C=C is at 1670-1640 cm™t,
It is feasable, because of the high reactivity of acet-
aldehyde and of 1,2-ethanedithiol that compounds such as
the following rings could also be synthesized:
o Paqe
2 5 & B
| [ | {
CH3—?H€ ?H—OH3 CH;-?H ?H—CH3
8 4 2. B

. ! o5
CHp-CHp CHp~CHy
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CONCLUS IONS

The final idea here is that the exchange does indeed
work, the mechanism of_which is still questionable, Further
experimentation should be done with the exchange to try
for optimum conditions, and to try to isolate the possible
thioketone c¢r its trimer. Changing solvents is one course
of action, Using gaseous formaldehyde directly, trioxane,
or perhaps methylal (methylal was reacted with 1,3-pro-
pane dithiol to give 1,3—dithiane)42 is another,

The futhre of the exchange may lie in steroid chemistry.
According to Daubent? and his coworkers, a similar exbhange
involving dioxalanes is very useful in preparatory work of
steroids, where the steroid dioxalane was prepared using
an exchange with a simple dialkyl 1,3-dioxalane. The same
thing might be tried with the dithiolanes,

If the exchange does work in this fashion, then it
might be tried on something that Fieser** found difficulties

withs

The dithiolane was prepared with ethanedithiol. The
exchange, hopefully, would only react at the carbonyl site

or perhaps at the carbonyl in the acetate, which could be

reversed,
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Appendix B

Interpretation of IR spectra:

65

Fig., Page Sample . Compound Type of Abs. _
Abs. Bandcn
1 13 5-1 S c-H st 2675
S-CH, sec 1450
c-8 8§t 680
S__.
4 14 29-2 yeug M S-CHp se 1425
o C=S st 690
CE.CE// \s—J
b
5 W 394 CHz 8 C-H st 2700
N S-CH2 se¢ 1420
/G\ C-S st 680
CHz” 8
1 17 el S-CHp sc 1420
-8 gt 697
Aromatic 3050
= 1600
1480
q\s 740
5N
15 18 63~2 C=0 st 1700
¢-8 st 685
s S-CHy se¢ 1405
<:::>»ﬁ LW Aromatic %000
~CHy=C=C 740
e 1600
17 A% 40 CHz c-H st 2700
\C/S S-CHy sc 1430
/% c-S st 680
S
25 20 59-1 CH C-H st 2720
3\.’8 S-CH, sc 1430
/Q\ C-3 8t 683
E S
35 22 13-0 C-H st 2720
£5-CHyCHyS=CHy}y 2675
§-CH, sc 1430
C-S st 670



Appendix B (cont.)

Fig. Page Sample

Compound

Type of
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Abs,

Abs. Bandem~1
P ") S C-H st 2680
5 C-S st 680
5
23  65-1 —_— ¢-H st 2830
. cﬁé/s S-CH, sc 1420
C-S st 680
\3_4
43 24 95=2 CH=CH. C=0 st 1680~
3 ?;c:o 1740
CH:3CH2
£ 8 T s C-H st 2850
cﬁé’ S-CH, sc 1425
% Cc-S st 680
9
6 26 10744 CH<CH =0 st 1680~
A E i;c=0 1720
CH3CH5
48 96 W78 //s C-H st 2840
CH S-CH, sc 14 20
2 68 % 680
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Appendix D:

Interpretation of NMR spectra:

89

Fig. Page Sample Compound Pesk Type
of H
$ LN R Hy-CH, $-CH, (a)
/C \/3 3,06 5
CH\2 As 1.82 b
(c) CH,~CH; S-CHp 1.41 c
(e) (1b)
3 13 101- CH3—GH /‘3-0H2 (a)
18- 3.6 a
1 (=) é\l 2.12 b
el c
CH4-CH, S~CH, :
(b)
6 14 39=-1 CH -CH
3\ /ﬁ . j P 5 ] a
/\ (a) 5t b
5-CHy
12 17 85-2 »
/'S-GH2 S 25 a,
7.15 Aromatic
ks
16 18 63-2 _
CH’Q"?HZ(b) 1.&138 e
218
ﬁ \ /s 2.61 c
€22§-C-CH§-C—CH3 (a) 7.42 Aromatic
(e
18 19 41-1 (o)
¥ c
> (a) 1.55 b
(e) \S Hp
32 21 61-1 (b) CHy S-GH .15 a
4,48 c
/ (a) 1.52 b
(e) H \S-CH2



Appendix D (cont.)

90

Fig., Page Sample Compound Pesak Tgpg
o)
36 22 29-1 o =CH 3.08 a
¥ 4.55 b
(b) HoC (a)
\S~CH2
38 23 33=1 S=~CHp 3.41 a
4,13 b
(b) ch\ (a)
S-CH,
40 23 65-1 S -CHop 3,40 a
‘ / 4,10 o
(v) H,C (a)
\
-CH,
42 24 171-2 S~-CHp 354 a
# 4.05 b
(b) HoC (a)
Lo
S~CHo
49 26 107-2 -CHo 3.29 a
3.92 b
(b) HyC (a)
S-CHo
45 25 95-2 CH=z=CH. 0.58 a
3 2 (E) 1491 b
(2) f‘o
CHz-CHp
47 26 107-1 CHz ~CHo( D) 0.54 a
: & 2\ 1491 b
(a) c=0
/

CH3-CHp



Appendix E: Physical Properties of 1,3-Dithiolanes:

9%k

Compound _ mp bp Yield%
obs 1lit obs 1it
©<s] 1%32/24mm 107/5mm . 85
S
CH3CH2\ /s] 105/22mm 76
CH=CH
¢, 2
CH - 66-70/ 89/14mm 66
?;n/s 18mm
CH, \s——
& — 68~80/ 77/i4mm & 4
H3>C/S 20mm
\
S_._.
S 67/17mm  65/14mm 22.4
HZC\
S
&,
] 104
ad
Pev
I
@-C—CHZ}C—CH3 70 10
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