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TABLE I. RE ~ C T I O N  O F  2-hIETHYL-2-BL7TE?iE K I T H  S r L F C R  A T  
141.6" C. 

Orig. Sulfur Olefin Reaction hlixture 
Sulfur, Time, Reacted, Reacted, Liquid 

Run % Hr. %a % color Solid; 

l h  7 00 1 1 9 . 2  3 Pale yellow Sulfur needles 
2 7 . 2 0  2 46 .3  4 Light yellow Sulfur needles 
3 7 . 1 2  4 9 3 . 7  8 Light orange Yellow-green 

4 7 .59  8 100 11 Orange-red S t n e  
5 9 .26  24 100 20 Dark red O., C I H ~ S B ~ ,  d 
6 3 2 . 6  24 100 73 Black-red 1 47 CsH6SzC, yel- 

rhombic sillfur 

low-brown 

broan-hlark 
7 31 8 32 100 77 Black 3 . 2 2  CsH&', 

Percentage of total sulfur that  reacted 

Percentage of total sulfur-containing products. 
b Inadequate shaking; reaction rate is somewhat l o w  

d In  solution. 

REACTION OF 2-METHYL-2-BUTENE WITH SULFUR 

The reaction of 2-methyl-2-butene and sulfur \viis carried out 
in glass pressure flasks. After proper time a t  loiv temperatures 
t o  encourage crystallization of sulfur and solid proddcts, the 
bomb was opened, the unreacted olefin was stripped off under 
vacuum, and the sulfur products vere  put  through a molecular 
still. As much product, was removed as !vas possible a t  room 
temperature. 

I n  order to ensure that  very little of tlie sulfur itself n-ould re- 
main dissolved in the reaction mixture, tlie solubility of sulfur in 
2-methyl-2-butene \\-as investigated. It is 0.73 and O.lSyo a t  
30" and 4 '  C., respectively. I n  allyl disulfide tlie solubilitywni 
2.50 and 1.37% a t  26" and 4' C., respectively. Thus ioine sulfur 
would be left in the reaction mixture even if it Ftood at  0" C. for 
some time. For this reason it is preferable to  hold the reaction 
bulb a t  -78" C. for some days after the reaction before opening, 
to crystallize a11 the solid products, The reactant,?, conditions, 
and pertinent data  for the seven runs made with 2-methyl-2- 
butene are given in Table I. Table I1 gives the detailed anxly'is 
of the products of each run. 

Reaction times of over 4 hours do not give any solid residue of 
unreacted sulfur in the bomb. Run 4, for instance, has no solid 
in the cooled reaction vese l .  In runs 2 and 3, where unrescted 
sulfur remained, the smnll amount of disolved sulfur in the 
stripped reaction products came over in the molecular distillation. 
The crystals indicated in run 2, fractions 3 and 4, and in run 3, 
fractions 4 and 5 (Table 11) are sulfur. They were isolated and 
identified by analysis. 

However, in runs 6 and 7 a solid is again present in the rooled 
reaction bomb. This solid was yellow-broxn in run 6 and brov,-n- 
black in run 7. Examined under the microscope, the crystals of 
run 6 lvere yellow thick columns. The run 7 solids product was 
composed of two types of material, yelloiv needles and black 
spherulites. These materials are the hydrogen-poor pruducts 
discussed below. 

In runs 5 and 6 no attempt was made to  crystallize these solid 
products in the unopened bond. Consequently the hydrogen- 
poor solid products of these runs were recovered as solids plus 
some liquid, on tlie condenser of the molecular still Tvith the pot 
at room temperature (Table 11, run 5, fraction C, and run 6, 
fraction 2s). This was possible only because the condenser 
temperature was -78" C. If t a p  water had been used instead, 
the solubility of the yolid products in the liquid products was high 
enough so tha t  no solid would have been detected in the conden- 
sate a t  all. In run 7 an  effort was made t u  freeze out all the  solid 
product by leaving the unopened bomb a t  -78" C. for 7 days. 
This was successful, and very little additional solid was obtained 
by molecular distillation of the reaction mixture. These solids 
are fairly insoluble in pet,roleum ether a t  -78" C., so tha t  they 
could be detected in the liquid hydrogen-rich products by diluting 

theie fractions with 3 volume3 of cold petroleum ether. cooling to  
-78' C.. and filtering off the precipitated solid.<. 

In several runs the recovered unreacted olefin was carefully 
frartionated. Only traces of lover boiling hydrocarbons were 
found. Therefore no appreciable isomerization of the olefin takes 
place in the.e reactions. 

Thc products of the reaction are liquids of polysulfide type 
It-SL-R, Tvhere x varies from 2 t o  6 and R ip an alkyl or alkenyl 
group and solid?, two of n-hich, C,H& and CI,,HloSa, have been 
iholated. The former group is referred to as the hydrogen-rich 
product and the latter, the hydrogen-poor. 

HYDROGEN-RICH PRODUCTS 

The c w h i  and hydrogen analy-es in Table I1 show that ,  in 
general, the hydrogen content of the liquid$ of type formula 
R-P,-R' is somewhat higher than could be expected by reartion of 
tn-o CjH,, molecules. Whether thip hydrogen excess is real only 
further careful x o r k  will decide. If it is real, hydrogen transfer 
is indicated; thii: theory i i  supported by the presence of the t x o  
hydrogen-poor solid compounds, CjHSS3 and CI,,,H1,%. Al-o 
notexvorthy is the fact that  the highest polysulfides tend to l i r iv~~ 
hydrogen content? H,,, n-hereas the Ioiver cines tend to 
H,?,;. Hy? would rewlt fmm tn-o saturated re\idues, v,-here:ib HT 
results from one .cnturatetl and one unsaturated group. 

The empiric'nl formulas of the type CloHyo.& and CIUHIIS, 
given in Tnble I1 suggest that  these fractions could he mixture- 
of the compounds C1,H1,S,, ClnHioS,, and CloH2,S,. The higher, 
initially formed polyculfideq appear to have more saturated 
residues than do the lon-er polysulfides, The shorter. the time of 
reaction, the higher the polysulfide formed. This is shown by 
ronqideration of Tahle I1 v.-here, for the 2-hour reaction, S170 of 
the product is higher than -&-, for tlie 4-hour run 50% i i  

-, and for the 8-hour run no higher product than 
-i: L - . e  IS i>olnted. 

Fraction. 1, 2, 3, )and 6 of run 3 were reacted ~ i t h  methyl 
iodide according to  the standard procedure (20) .  The rerultp are  
fhoX1-n in Talile 111. The methyl iodide reaction s h o w  that the 
amount oi dinlkenyl po lydf ide  is greatert in the volatile fraction 
1 with some in 2 but none in fractions 3 and 4. More iodine 
should be liberated, but it is probably taken up by tlie sulfur 
linkage:; and the carbon-cartion double bonds. Fraction.; 3 and 
6, therefore, may contain alkyl alkenyl polysulfides andjor 
dialkyl polysulfides. The mercuric iodide-catalyzed reaction 
with methyl iodide confirms this by shoning but  few crystals of 
(CHJ, SI.HgIi, which re.;ults from dialkenyl sulfides, but much 
iodine and an oily layer; the latter probably contains products of 
the tylie dimethyl alkyl iulfonium iodide.HgI?, v-here the 
alkyl ic an amyl group of some type. The  ternis alkenyl sulfide, 
etc., include only those unsaturated residues in which the sulfur 
linkage is alpha to the double bond. 

HYDROGEN-POOR PRODLCTS 

The hydrogen-poor products are found only in small quantities 
in the reaction mixture on long heating. TKO compounds have 
been isolated: C,H,S,, yellow needles, analysis given in Table 
11, run 6, fraction 2s; CIOH1$:, (?), brick-red needles, melting 
point 197" C., analysi? 51.9% C, 4.69% H. Since only about 8 
mg. of the higher melting compound xere  isolated, no extensive 
purification was possible, and the empirical formula given i8 
tentative. Enough of the lower melting compound, CSHGS~, was 
purified and available for carrying out various reactions. 

A search of literature revealed one compound of the formula 
CjH&. Barbaglia ( 5 )  in 1884 had prepared it from isovaler- 
aldehyde. 

A yellow-orange crystalline com- 
pound (melting point, 95.0' C.) was isolated from the liquid r e  
action products. The C,H& from sulfur reaction x i t h  2- 
methyl-2-butene had a melting point of 95.2" C. The mixed 

This reaction was repeated. 
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Bath.  
T y w . ,  

C.  
40 

>40 

23 

29 

State  
= Liquid, (4: = Crystals) 

Pe r  
Cent 

42 .2  

57 8 

1 3  

1 6 . 5  

24.3 
0 . 7  
- 

Run Fraction 

1 (1 hr.) 1 

2 

2 (2 h r . )  1 

2 

Color 

. . .  . . . .  . . . . . . . .  5 0 . 9  230 Yellow 

Yellow-orange ( L  (viscous) 
{kalcd.  for C,,H& . . . .  . . .  50 .6  . . .  237 

. . . . . . . .  61 .6  . . .  430 1.6638 

Light yellow !L . . . . . . . .  51 .1  . . . .  1 5779 

Yellow / L  
;iCalcd f o r  C I G H ? ~  &.a 51 2 288 

,Calcd. for CmHm 69s.i 
5:80 6:4 3 6 ' 8  56 3 99 5 228 1 '6060 
5 .79  6 . 4  37 2 56 4 . . , 323 , . . , 

i h  
: C, sulfur . . , . , . , 58 4 , . , 248 1 6187 Yelldw 

Calcd. for  ClOH?Q.&.i . .  . . . . .  58.2  . . .  336 

3 30 

I L  

!GiG 5.68  6 . 1  3 4 . 6  59 1 99 8 305 1.6355 
1 Calcd for C I O H U S ~  L 5 . 6 7  6 . 1  3 4 . 4  59 6 . .  349 . . . .  

Red-orange 4 33-140 

Residue 
Trap  
On  condenser 
LOSS 

1 2  
2 . 3  
3 5  
3 . 9  

> 140 
. . . .  

3 (4 hr . )  1 

2 

3 

31 

31 

31 

14 3 

16 4 

13 6 

7-0 1 
0 38 

1 0* 
0 i 9  

23 1 

I-el low #' L 5 95 6 . 8 9  40 95 4 7 . 5  95 4 180 . 1  5670 

Yellow-gold 5 86 6 . 4 9  3 8 . 1  5 4 . 4  98 :9  236 1 '6061 

Yellow-gold , L 5 . 7 6  6 . 5 0  37 .45  55 4 9 9 . 4  225 1 6042 

~ C a l c d  for CIIHSOSI 5 96 7 . 4 4  4 4 . 6  4 7 . 5  269 

i i n l c d .  for C:oHzo 3 S s . g  5 87 6 . 6 6  3 9 . 1  54 2 307 

,Calcd. for CloHso.eSs.s 5 . 7 8  6 . 5 4  3 7 . 8 5  55 6 . . , 317 . , . .  
5 5 . 3  . . . . . . . .  K1 . . , 255 1 6160 L 

L 99.1 5 4 . 8  . . .  319 1 6127 

6 90 5 91 34 .95  58 7 9 9 . 6  307 1.6308 
5 . 9 0  6 00 35 .45  5 8 . 5  339 ,Calcd.  for CloHmo.2Sa.2 . . .  . . . .  

G z G  Gold 

Gold . . . . . . . .  C. sulfur 
Red i L  

4 31- 80 

5 

6 

90 

140 

Residue 
Trap  
Loss 

4 k 8 h r )  1 
2 

3 

4 

5 

>140 
. . . .  
. . . .  

0 .51  
6 . 2  
6 . 9  

Black L (viscous) . . . . .  
Light yellow L (light) . . . . .  
. . . . . . . .  . . . . . . .  . . . . .  

30 
30 

31 

35- 90 

90-140 

3 . 1  
32 4 

18 4 

702 

31 2 

Red L . . . . . . . . . . . . . .  1 .5595  

Orange L . . . . . . . .  5 1 . 1  . .  245 1:5860 

Yellow-gold >'L . . . . . . . .  44 .6  . . .  211 1 5649 

. .  5 0 . 5  . . .  270 1:5868 Orange :L 

Calcd. for  CIOH~ISI  6 . . . . . . . .  4 4 . 3  . . .  253 

ICnlcd. for C.oHr~Sa.s 5 0 . 5  285 

50 5 285 Calcd. for C L G H ~ I S I . ~  . . . . . . . .  . . .  
!Calcd: for ClnHtlSr., , . , , , , 51 6 . . , 292 . , . , 

. . . . . . .  . . .  

. . . . .  

326 1 5977 Red-Black L . .  . . 51 4 

Residue 
Trap  
Loss 

1 

2 

3 

4 

0 9  
5 . 2  
1 . 5  

. . . . . . . .  . .  

. .  , .  . .  b ' 9 5  . . .  
. . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  

i (yiscous)  
Black 
Colorless 

5 (24 h r . )  25 

2 5  

30 

30 

1 . 1  

2 3 . 4  

16 8 

5 2  

6 ,! 
0 7  

9 s  

2 0 . 0  

Tight yellow . . . . . . . .  30 5 . .  211 1.4966 

Yellow 5 ' i l  10 :2  5 9 . 0  30 3 99:4 201 1:5252 

Orange ]L/C . . . . .  3 9 . 9  206 1:5398 

Orange L 

{kalcd.  for CloHn.sSp ? l  3 205 

! h c .  for C!oHzo.ssz 5 81 1 0 . 1  5 8 . 6  31 .3  . . 205 

. . . . . . .  39 8 234 . . . .  ,Calcd. for ClaR?o.sS?.p . . , . , 44 0 , , 220 1.5598 

I Calcd. for CloHxa ;SJ 5 . . . . . . .  44 3 . . .  253 . . .  

. .  . . .  

~ 59 .1  
Orange L 
l -e l lon C . . . . . . . .  C 30 

3 G  82 

6 82-140 

Red 

Red-black 

Black 
Colorless 

Telloa-gold 

Gold-orange 

Orange 
mG 
Brou-n->-ellou- 
lied 

Red 

Dark red 

Black 

. . . . . . .  

Calc. for  CsH6Sa 

L, c 
I, (viscous) 
L 

,' 1, 
(Calrd.  for  CloH?a :Sa.a 

1,Calcd. for  Cla€Ina :SI s 

8 3  
8 3  

. . .  
4 7 . 5  
4 7 . 5  

59 2 
44 3 1 0 0 ' 0  2;k 1'6665 
44 3 . , 253 
4 6 . 2  344 1 5805 
46.4 . 263 . . . .  

Rewdue 
Trap  
Loss 

1 

7 

1 0  
11 9 
4 6  

1 ' 1 8  ' .  .1 Q943 
. .  . . . .  

29 9 . . 190 1 52.52 
30 1 2002 
34 9 09 9 207 l.'R242 
.34 8 . .  217 . . .  

59 .1  100 2 172 . . .  

59 2 . . , 162 
45 9 . . , 286 1 ii86 
4 5 . 6  260 

4 7 . 6  269 
47 .3  1 0 0 ' 0  311 1 5i9s 

3 7 . 1  . . 269 . . 

6 $ 2 4  h r )  25 

30 

3 . 3  

1" 5 

21 2 

9 8  
9 8  

3 8  

3 8  

55 ' 3  
55 4 

3 7 . 3  

37 1 

. .  
5 .67  
5 . 6 8  

30 2s 9.81 

9.88 

~ 

1 1  
0 :37 
4 . 4  

Reaction revdue 
3 69 

5 .68  
5 68 
5 i l  
5 68 
5 81 
5 . 8 2  

. . .  
7 9  
7 . 9  
7 4  
7 . 4  
z . 6  
, 7  

, . .  
4 4 . 6  
44.6 
42 3 
42 ,  2 
44 3 
44 7 

4 7 6 . 5  

5 122 

6 140 

1 5 . 7  

1 1 . 8  

6 . 2  

Benzene s o h .  residue >140 4 . 1  Blark ,'L (viscou=) 6 32 5 . 8  3 6 . 8  ,'35,2 7 8 . 0  470 
',Calcd f o r  Ci>Hla.s% ~ O J . :  6 34 5 9 37 2 34 t . .  3 2 3  . . .  

. . . .  . . . . .  51 3 . 416 1 6142 T r a p  3 . 4  Tel loa 1, iviscous) 
Sample cut ter  1 4  T e l l u w  L 46 1 1 5 i13  
Loss . .  15 0 . . . . . . . . .  . . . . . . . . . . .  

1 30 11 .7  Yellow L 
2 30- 34 2 1 . 0  Orange L 
3 34- 45 9 8 Orange-red L,'dissolved crystals C5H6Sz 
4 50- 90 15 5 Red L:dissolved crystals CsHeQ3 
5 9G140  2 1 . 1  Dark red L 'dissolved crystals ClaHlisa 

Residue > 140 9 8 Black . . . . . . .  . . . .  
Trap  8 2 Light yellow . . . . . . . . .  
Loss 2 . 9  . . . . . . .  . .  
Reaction residue 3 . 2 2  l-ellow &'black C ;  .inostly CsHkz . . . .  
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u;u:illy a t t a c h  C=S group-, is also not accounted for by either 
-tructure E or F .  The structures B or D lvould hatisfy t h e e  re- 
quirements. 

The  authori  feel tha t  the thione-thiol tautomerism dipplayed 
Iiy ronipound; C and D accounts for moat of the  reaction; oh- 
.rrved. This 3tructure IT usgested for the  colored compound 
2,0-ditliioketo-3,~-dimeth~-l-l-tliio-~-pyra1io11e b>- Schonberg and 
:I.kcr [ 18).  However, reaction of this compound i v i t h  methyl 
iixlide npp;i~~entl>- tlcir> not follow the same coui'-e a; doe- C-,H,S,. 

100 

90 
Y : ao a 70 
3 60 

2 5 0  

0 40 

5 30 " 
5 20 

I O  

00 I 2  3 4 5 d , 9  
R E A C T I O N  TIME IN H O J R S  

Figure 1 .  Effect of Time on Sulfur Reacted 
Reaction of 2-rneth?;l-2-butene with 7 .  $7~ sulfur at 

141' c. 

tmctu1.e:: C '  aiitl D a le  felt t<J reprerent CjI16S.I k - t  foi, t l lp  
ming ndditionnl reasons: The  metlf\-l iodide reaction Aon-. 

]il'e,.ence of a single sulfide sulfur not alpha to a double bond. 
This favors structures U ,  C, or D .  The meth>-l iodide-mercuric 
iodide reaction 41o\vs the ah?ence of disulfide or polysulfide sul- 
fur. This again favors R, c', or D. Oxidation rvith chlorine 
removed all the  sulfur. Thi? xvould favor structures B ,  C ,  or D. 
Grote's reagent give. a poritive test for mercaptan group. This 
lvould favor structures C and D over structure B, since the forma- 
tion of a thiol structui,e from B leads to a sulfur h n d  on a carhon 
alpha to  a double bond. 

DATA SU.\IhIARY 

From the  data  given the  follov-ing can he set forth concerning 
the reaction of 2-nieth~-l-2-bute11e Jvitli sulfur at 141.6 C.: 

, The color changes with reaction time, yelloiv to  orange to  red 
to black, parallel those of rubber-sulfur stocks. 

Sulfur combination r;ite is directly proportionnl to reactioii 
time as in rubber-sulfur vulcanization (Figure 1). 

The  nbzolute reaction rate  of 2-methyl-2-butene n-ith sulfur ir 
twice that  of pale crepe rubber v i t h  sulfur. 

Olefin combination rate is nearly proportional to  time until the  
sulfur is completely combined, whereupon a further ilon- reaction 
takes place (Figure 2).  

Starting with equal mole quantities of olefin a i d  sulfur there 
is considerable unreacted olefin in the system ivhen looc; of the 
sulfur has reacted. 

Hydrogen traiiefer takes place resulting in what appear to be 
hydrogen-rich liquid products and small quantities of solid hy- 
drogen-poor products. 

The apparently hydrogen-rich compoundi.: are polysulfides 
R-&-R', where x varies from 2 to  6 and either R or R '  or both 
may be alkyl or alkenyl. 

The  hydrogen-poor compounds are solids, two of which, 
CjH& and CioH,oSa('?), have been isolated. -1 cyclic acid anhy- 

ten1 with thione-thiol tautomerism has been 
proposed for the  structure of C5H6Sa-that is, 2,5-dithione-3 
metliyltetrnhydrotliiophene. 

Increased reaction time loivers the average yalue of x in the 
polysrilfide products R-Sz-R'. 

The  higher the value of s in the  polysulfide formula R-S,-R', 
the more hydrogen nbove the level 11," is present. 

R E.ACTION 3i ECH .i Y 1 Shl 

The niechanirni of the initial a t tack of sulfur in tlic fomi & 1111 

the olefin i.: still unknoxn. In any ca?e, the pi'oducts ivliicli (':in 
he isolated from the short-term reaction are poly-ulfidw, \v11(,! C> 

the  re-idues are satur2ted, unsrturated, or iniitul,es, l iut  I I ( ~ :  t '  

the  1arge.t fraction is pro1):~l)ly alkyl-dkenyl. 
The  hydrogen-poor compounds can re>ult froni the initi:il :it- 

tack of sulfur on the olefin or from tlegrzit1ut;on reactions (il' tile 
polysulfides on  long-time heating. 

There i. another type of hydrogen-poor c o m p u ~ ~ d  in thr. i w i .  

due from molecular di,stillntion. Thi- i. indicated liy the Iiiel!ci, 
carhon-h>-drogen ratio of the re-iclue in run G (Tahle  11). 1.11- 

'fqrtunately the residues of other runs ivere not analyzed l>ec.:lu>e 
of the  small quantities involved and the difficulty of winovi i i~  
them from the nioleculnr still. The removal involves the U ~ C '  i f f  

-olvents and evaporation, v-hich, as sho\r-n in  the a11nly3i-, I 1'- 

sulted in oxidation. 
The  ~ i e ~ v p o i n t  tha t  studying model sy-tern 2-methyl-2- 

butene-,~ulfur will give results v-liich can be applied to  the r u l ) t ) ( ~ l ~ -  
ten1 is itreiigtliened by the linear natui'e of the reacticiii- 

time curve 1 Figure 1). In  both ( w e >  the  ccinitiination of .dftir 
varies directly It-itK tinle. This rimilarity in kinetic1 certaiiily 
indipate3 tha t  the mechani.ms operating in tile two cn-ei arc 
cloqely i,elated. 

The  over-all reaction of methyl iodide on run 3 polysulfitler 
j Tahle 111) clo-ely reemhles  that  on the 100-rul)her-8-hulf~ii, 
stock S B l d  described in a previous papel' I 201. .it 24' C. 1 d f  
of the comliined sulfur of thi? vulcanizate \vah rcmoved. .itiout 
the .same per cent of the total sulfur-olefiii reac,ticin product g n \ . ~  
large quantities of trimethylsulfoniunl iodide. The  lienvier 
pol>-mlfidei did not split out the latter compound, hecause :if 
least one sulfur link n-a< on a saturnt,ed hydrocarhn  group. T11r 
sulfur tha t  cannot he removed with methyl iodide at  room trill- 
pernture may he of two types: Either the  sulfur is attac,lic~i tir 
.saturated groups or it is i n  heterocyclic thiophenelike rings. TI:P 
former will react when the temperature i? r a i d ,  \vliei.e:i- t t i c ,  

latter is stable t o  meth?-l iodide even a t  elevated temperatwe.  
On overcure the  pol.x-sulfide sulfur react. further hoth n.ith t l o u l i l ( ~  
boncli :ind alpha carbon atoms. Thi.5 is ,slio\vn liy the  f i i ~ ~ t l ~ r ~ i ~  
-1on- reaction of tt,e nlefin after :,11 t!le' sulfur is i v i n i l ) i ! i w l  

I F i x w  2 

REACTION T blr I N  P 3 U Q 5  

Figure 2. Effect of Time on Olefin Reacted 
Reaction of 2-methyl-2-butene with 7 . 4 7 ~  sulfur at 

141' C. 

There remains the  reconciliation of the polysulfide forni;Ltion 
obxr \ -ed  in  the 2-methyl-2-butene sulfur reactions lvitli the  
generally accepted 32Y0 combined sulfur limit in  hard rul~lwr.  

EXPERIII ENTA L DETAILS 

. Cramer ( 6 )  dii.rlosed a simplified ivny 0 1  
preparing subitantially pure olefin. He  claims tha t  by use of 
4870 sulfuric acid, tert-amyl alcohol can be selectively dehydrated 
in a mixture of other amyl alcohols t o  give a mixture of pure 2- 
methyl-1-butene and 2-methyl-2-butene. To  check this, dehy- 
thation of practical tert-amyl alcohol was cauied out using e y a 1  
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volumes of prscti- 
ral tert-amyl alco- 
hol and 48% acid 
a t  80 C.  The  ole- 
fins up  t o  40" C. 
were di5tilled off 
and fractionated in 
an  eighty-plate  
column. Satisfar- 
tory 2-methyl-2- 
butene was pro- 
duced in this ~vaj- ,  
although les.: 2-' 
methyl-l-hutenerd- 
sults than from uFe 
of pure trrf-?my1 
a l c o h o l .  T h i s  
method is much to 
he preferred, as it 
eliminate- the tedi- 
ous purification of 
krt-amyl alcohol. 
The 2-methy1-2- 
butene had a boil- 
ing point a t  760 
mm. of 38.5' C. ;  
nz: 1.3843; freezing 
point, -133.6" C. 
These properties 
check those in the 
literature ( I ) .  

$ JOINT The purified ole- 
fin was collected 
during fractiona- 

-7b'C. tion a t  -70" and 
stored a t  0"  C.  in 

0 10 20 30 40 10 Pyrex bottles for 2 
kk$?kk \reeks in the dark. 

Then it was re- 
Rlolecular Still bottled in 500-cc. 

Pyrex ampoules, 
n-hich vere  frozen 

in liquid nitrogen, evacuated, and sealed. The  glass-sealed 
evacuated ampoules of olefin were kept a t  room temperature in the 
dark until used. This  storage period in some cases was 18 months. 

This material, purified by the method of Bacon and 
Fanelli (3), m-as kindly supplied by Rocco Fanelli of The  Texaq 
Gulf Sulfur Company. The  sulfur was powdered and stored in a 
desiccator over barium oxide. 

MOLECULAR STILL. A small molecular still was constructed 
according to  a deyign given by Riegel, Beisn-anger, and Lanzl 
(17 ) .  This still was unqatisfactory for collecting small fractions. 

The still of Hickman and Sanford (11) \vas modified so tha t  
fractions of a few drops could be collected and the  heating bath 
precisely controlled. The  final design shown in Figure 3 n-as 
quite satisfactory. The capacity is 40 cc. 

PROCEDGRE. The  glass reaction bulb \vas dried by evacuation 
for 1 hour and then filled with a weighed amount of sulfur and 
the contents of one 125-cc. ampoule of olefin added. The  flask 
was then sealed off as described for pressure bulbs in the preceding 
article (E) ; this ensured removal of oxygen. The  olefin weight 
was obtained by weighing the sealed bulb and sealed-off t ip  to  
0.01 gram. 

;ifter n-eighing, the bulb was fastened in a special holder and 
placed in the  heavy wire-mesh can. The  can with the sealed 
bulb was placed in t,he shaker and immersed in the hot oil bath.  
The  shaking rate  was 4 cycles per second. A Micromax recor$er- 
controller gave continuous temperature readings t o  *0.2 C. 
The  reaction time vias taken from the  moment of immersion tp  
tha t  of removal from the  bath in analogy to rubber molding 
practice. 

If 
Figure 3. Improved Simple 

SULFL-R. 

lion-ed to cool to room temperature; it  W A Y  tlien 
ri,rerntor a t  0 "  C. for 48 hours. The  bulb was 

then cooled to  -78" C. for a t  least 1 day  before it was opened a t  
room temperature. The liquid product was decanted into a 
iyeighed, pear-shaped distilling flask. The  solid in the bomb was 
washed quickly with petroleum ether a t  -20" C. and weighed. 
The  petroleum ether wash was evaporated and the residue weighed 
and discarded if it  ivas sulfur. 

The  liquid product was immediately stripped of its unreacted 
olefin by fractional distillation a t  a nitrogen pressure of 215 mm. 
of mercury; a t  this pressure 2-methyl-2-butene boils a t  8"  C. 
with a pot temperature of only 22" C. Any at tempt  to distill 
off the olefin a t  atmospheric pressure seriously changes the sulfur 
reaction products which turn black. The  stripped sulfur-olefin 
liquid products were stored a t  0"  C. under nitrogen until they 
vxre molecularly distilled. 

The  molecular distillation was carried out  a t  as low a tempera- 
ture  as possible and a t  as high a vacuum as the mercury diffusion 
pump produced. Here also any overheating resulted in change 
of the product color and character. The  condenser was kept a t  

Fractions were taken on the 
of all thP material n-hich came over a t  a given temperature 

iiig a t  25" C. and slowly rising to  140" C. with pauses a t  30", 
40", 60", 9OT, and 1.10" C. The  products \rere weighed and kept 
a t  0'  C. under nitrogen. I n  certain experiments solids were ob- 
tained on the condenser during the distillation. I n  this case the 
still was dismantled t o  remove the solid, 
tillation resumed. The still was always 
ture  before opening to air. \Then the solid reaction residue n.as 
not sulfur, it  \vas sublimed in the molecular still. In  this case the  
product was a solid adhering to  the condenser. 

Cryoscopic molecular weights were obtained using benzene. 
l le l t ing points are the corrected values. 

REFRACTIVE IKDEX. The refractive index of the liquid prod- 
ucts was determined in a Pulfrich refractometer. The  index of 
the liquid polysulfides changed very rapidly on exposure to  air, a 
change of 0.003 in 2 hours was common. 

C. with dry ice and acetone. 
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