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R eprin ted  from  the Jo u rn a l of the  Chem ical Society, 1945.

66. The Behaviour of Keten towards Olefins and Olefinic Peroxides,
By Ralph F. Naylor.

K eten  will n o t re ac t ad d itiv e ly  w ith  uncon jugated  olefins such  as l-m ethy lrydohexene , dihydrom yrcene, 
a n d  rubber. Z inc chloride o r su lphuric  acid p rom otes reaction  of k e ten  w ith  acetone (carried over from  th e  
k e ten  generator), w ith  th e  fo rm ation  of a  com pound C jH ijO j, p ro b ab ly  /3-propeny! ace toaceta te . K eten  
ace ty la tes  olefinic hydroperox ides, b u t  th e  re su lta n t perace ta tes  a re  v e ry  unstab le .

Several g ro u p s  o f w o rk e rs  h a v e  sh o w n  t h a t  d ip h e n y lk e te n  w ill a d d  to  b o th  c o n ju g a te d  a n d  u n c o n ju g a te d  
o lefins, in c lu d in g  c>»c/opentadiene, cyc/ohexene, c>/c/ohexadiene, 2  : 3 -d im e th y lb u ta d ie n e  a n d  A“’'-p e n ta d ie n e , 
w i th  fo rm a t io n  o f c y c io b u tan o n e  d e r iv a tiv e s . T h e  o n ly  re c o rd e d  w o rk , h o w e v e r, o n  t h e  a d d it io n  o f k e te n  to  
o lefin s  is  t h a t  o f  B ro o k s  a n d  W ilb e r t  ( / .  Awer. Chem. Soc., 1941, 63, 870), w h o  sh o w ed  t h a t  i t  r e a c ts  u n d e r  
p re s su re  a t  100° w i th  a n  e q u im o le c u la r  q u a n t i t y  o f  c ^ c /o p e n ta d ien e  to  g iv e  t h e  bicyclo[0 : 2 : 3 ]h e p te n o n e . 
A n  a t t e m p t  h a s  n o w  b e e n  m a d e  to  a d d  k e te n  to  re p re s e n ta t iv e  m o n o -o le fin s  a n d  u n c o n ju g a te d  d i-  a n d  
p o ly -o le fin s , in  th e  e x a m p le s  o f  l-m e th y lc> 'c /o h ex en e, d ih y d ro m y rc e n e  a n d  ru b b e r ,  a t  t e m p e ra tu re s  ra n g in g  
f ro m  2 0 ° t o  1 2 0 °, e i th e r  u n d e r  p re ssu re  w ith  th e  o lefins a lo n e , o r  w i th  so lu tio n s  o f  th e  o lefin s in  su i ta b le  
so lv e n ts  (ch lo ro fo rm , to lu e n e , a n d  e th e r) .  U n d e r  th e s e  c o n d itio n s , n o  a c t io n  o c c u rre d  e x c e p t  th e  fo rm a tio n  
o f d i k e t e n ; w h en , h o w e v er, su lp h u r ic  a c id  o r, b e t t e r ,  z in c  c h lo r id e  w a s  a d d e d  a s  a  c a ta ly s t ,  a  sm a ll  q u a n t i ty  
o f  a  h ig h -b o ilin g  l iq u id  w a s  fo rm ed , e v en  w h e n  th e  o lefin  w a s  o m it te d  fro m  th e  re a c tio n  m ix tu re .  T h is  
l iq u id  w a s  a  compound C^HjoOg, d e r iv e d  a p p a r e n t ly  b y  re a c t io n  o f k e te n  w i th  sm a ll  q u a n t i t ie s  o f  a c e to n e  
w h ic h  h a d  b e en  c a r r ie d  o v e r  f ro m  th e  k e te n  g e n e ra to r . K e te n  re a c ts  w i th  a c e to n e  in  p re sen c e  o f s u lp h u r ic  
a c id  t o  g iv e  th e  a c e ta te  (I) d e r iv e d  fro m  th e  en o lic  fo rm  o f  th e  k e to n e  (G w y n n  a n d  D eg erin g , J .  Amer. Chem. 
Soc., 1942, 64 , 2216) :

CH,:CO +  H O -C M eX H a---- >  CHj-CO-O-CMeXHa (I.)

O th e r  p r o d u c ts  o b ta in e d  b y  th e s e  a u th o r s  w e re  d ik e te n  a n d  a  h ig h e r-b o ilin g  re s id u e  w h ic h  th e y  d id  n o t  
id e n tify .  I t  w a s  p ro b a b ly  th e  c o m p o u n d  n o w  iso la te d . H u r d  a n d  W illia m s  {ibid., 1936, 58, 964)
h a v e  sh o w n  t h a t  t h e  d im e r  o f  k e te n  c a n  b e h a v e  a s  a c e ty lk e te n  a n d  i t  seem s p ro b a b le  t h a t  t h is  s u b s ta n c e  h a s  
in  th e  p re s e n t  in s ta n c e  re a c te d  w i th  en o lic  a c e to n e  in  tb e  sa m e  w a y  a s  d o e s  k e te n , w i th  th e  fo rm a tio n  of 
p -p ro p e n y l a c e to a c e ta te  ( I I )  : •

CHj-CO-CHrCO +  H O -C M eX H a---- ^  CHj-CO-CHa-CO-O-CMeXHa (II.)

A lth o u g h  in su ff ic ien t e s te r  w a s  s e p a ra te d  fo r  c o m p le te  id e n tif ic a t io n , th e  a b o v e  fo rm u la  is s u p p o r te d  b y  
a ll  th e  a v a ila b le  e v id e n ce  (see e x p e r im e n ta l  p a r t ) .

T o  t e s t  th e  p o s s ib i l i ty  t h a t  o lefin ic  h y d ro p e ro x id e s  m ig h t  b e  s ta b il is e d  b y  a c e ty la t io n  w i th  k e te n , th e  
r e a c t io n  b e tw e e n  k e te n  a n d  A *-c^c/ohexene h y d ro p e ro x id e  w a s  e x a m in e d . I t  p ro c e e d e d  re a d ily  a t  ro o m  
te m p e ra tu re ,  b u t  th e  p r o d u c t  w a s  a lm o s t  e n t i r e ly  A*-^;>'c/ohexenyl a c e ta te .  A t  a  lo w e r te m p e ra tu re  th e  
a c e ta te  w a s  a c c o m p a n ie d  b y  so m e  p e ra c e ta te ,  w h ic h  w o u ld  c o n se q u e n tly  a p p e a r  t o  b e  th e  p r im a r y  p ro d u c t  
o f  re a c tio n  :

< ^ ^ 0 -0 Ac < ^ ^ A c

R u b b e r  w a s  n o t  g r e a t ly  a t ta c k e d  b y  k e te n , b u t  w h e n  i t  w a s  t r e a te d  c o n c u r re n tly  w i th  o x y g e n  a n d  k e te n  
i t  b ro k e  d o w n  o x id a t iv e ly  m u c h  m o re  r a p id ly  t h a n  w h en  t r e a te d  w i th  o x y g e n  a lo n e , th e  p e rc e n ta g e  o f  o x y g en  
a b so rb e d  a f te r  12 h o u rs  b e in g  1-7 a n d  0-2 re sp e c tiv e ly . T h is  a lso  w o u ld  seem  to  in d ic a te  th e  g re a te r  in s ta b i l i ty  
o f  t h e  p e r a c e ta te  g ro u p s .

Experimental.
• {M icroanalyses w ere carried  o u t b y  D r. W ..T . C ham bers a n d  Miss H . Rhodes.)

InteractioH^of Keten and Acetone.— K eten  (16 g.) a s o b ta ined  from  th e  gen era to r (W illiam s and  H u rd , J. Org. Chem.,
1940, 5, 122) con ta ined  a  little  ace to n e ; i t  w as passed  in to  d ry  e th e r (30 ml.) a t  — 60®. A fte r ad d itio n  of zinc chloride 
(0-3 g.) as ca ta ly s t, th e  so lu tion  w as h ea ted  in  a  sealed tu b e  for 4 hours a t  100®. T he b u lk  of th e  e th e r and  unchanged 
k e ten  w ere th e n  rem oved, benzene (40 ml.) added, a n d  th e  zinc chloride ex tra c te d  w ith  w ater. A fter rem oval of 
so lvent, frac tio n a tio n  of th e  p ro d u c t gave d iketen  a n d  a  liquid {ca. 1 g.), b. p. 40°/0-03 m m ., 1-4632 (Found : C, 
59-1; H , 7-2. C^HioO, requ ires C. 59-15; H , 7-0%).

T he p ro d u c t dissolved to  a  sligh t e x te n t in  w ater, so form ing a  fa in tly  acid so lu tion  w hich gave a  red  colour w ith  
ferric chloride, a n d  in  aqueous alcohol i t  rap id ly  reduced alkaline p o tassium  p erm anganate . T he iodine va lue  (K e m ^  
Bishop, a n d  Lasselle, Ind. Eng. Chem., 1931. 33, 1445) w as 38 a f te r  1 h o u r and  ca. 190 a fte r e ighteen  h ours (C ,H io08~  
requ ires I.V . 89-4 . A ttem p ted  p rep ara tio n  of th e  oxim e gave only  an  oil, and  condensation  w ith  d in itrophenylhydrazine  
in  alcoholic su lphuric  acid so lu tion  gave ace toned in itrophenylhydrazone, th e  acid  conditions of reac tion  leading to  
hydrolysis of th e  e s te r ; th is  o b servation  corresponds ex ac tly  to  t h a t  of Gw ynn and  D egering {loc. cit.) w ith  th e  
|8-propenyl ace ta te  ob ta in ed  from  k e ten  a n d  acetone. T he deriva tive , a fte r  ch ro m atography  in . benzene solution 
th ro u g h  alum ina, crystallised  from  95%  alcohol in  orange p la tes, m. p. 125®. T he d in itropheny lhydrazone  p repared  
from  p u re  acetone a n d  a  m ix tu re  of th e  tw o aI?o m elted  a t  125® (Found : C, 45*5; H , 4-3; N , 23-6. Calc, foi; C jH ioO iN ^: 
C. 46-4; H . 4-2; N. 23-5%).

A bsorption  s p e c tr a : In  w a ter, a  b an d  (e =  8500) a t  A 255. In  cyc/ohexane, a  b an d  (e =  10,000) a t  A 240. T he 
abso rp tion  in aqueous so lu tion  w as unchanged  b y  ad d itio n  of acid  o r alkali.

Interaction of Keten and ^^-cycloHexene Hydroperoxide.—T o th e  hydroperox ide (3-7 g.) (F a rm er a n d  Sundralingam , 
J . ,  1942, 132) in to luene (5 ml.) a t  — 70® w as added  a  so lu tion  of k e ten  (2 g.) in  to luene  (30 ml.) a t  th e  sam e tem ­
p era tu re . T he m ix tu re  w as allowed to  w arm  slowly, and  th e  tem p era tu re  ev en tu a lly  rose  to  45®. A fter rem oval of 
th e  residual k e ten  a n d  to luene, th e  p ro d u c t (2 g.) w as distilled a^ 27— 30°/0-003 m m . T his liquid  con ta ined  only 0-75%
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of perox ide a n d  consisted  a lm ost en tirely  of an  acetic  ester, p ro b ab ly  A*-c;yc/ohexenyl ace ta te  (F ound  : C, 67*8; H , 
8*65. CgH ijO j requ ires C, 6 8 ‘6 ; H , 8*6 %).

In  an  a tte m p t to  o b ta in  th e  undecom posed p e race ta te  th e  ex p erim en t w as rep ea ted  u n der carefully  contro lled  con­
ditions. K e ten  w as b ubb led  th ro u g h  a  solution of th e  peroxide (3 g.) in  to luene  (40 ml.) a t  — 70° for 30 m inutes. 
T he solution was th e n  allowed to  w arm  v e iy  slowly to  0®, a n d  th e  reac tion  m ix tu re  w as w orked up  as before. A 
perox ide d e te rm in a tio n  a t  th is  stage showed th a t  only  a  th ird  of th e  original peroxide oxygen rem ained. T he p ro d u c t 
consisted m ain ly  o f th e  ace ta te , b. p . 33— 34®/0-05 m m ., b u t  a  few drops of a  fiquid, b. p. 56— 67®/0*06 m m ., were 
ob tained . T his s trong ly  peroxidic m ateria l w as n o t pu re , b u t  i ts  in s tab ility  a n d  analysis ind ica ted  th a t  i t  w as m ainly  
A*-cvc/ohexenyl p e rac e ta te  (Found : C, 62*4; H , 8*1. C gH uO j requ ires C, 61*5; H , 7-7%).

Keten and Rubbey.— (i) E xcess of k e ten  w as condensed on  sol ru b b e r •  (1 g.) a t  —100° in. absence of a ir, a n d  th e  
m ix tu re  allowed to  w arm  v ery  slowly to  20°. Swelling of th e  ru b b e r occurred. Some d ik eten  w as form ed and  was 
rem oved u n d e r reduced p ressu re ; th e  p ro d u c t w as th e n  w ashed w ith  ace tone  and  dried  in  a  h igh  vacuum  [Found : 
C, 8 6 -6 ; H , 11-66; O  (di£E.), 1-75. F o u n d  for th e  orig inal ru b b er : C, 87-65; H , 11-8; O  (diff.), 0-65% ]. A lthough 
on ly  1 -1 %  of oxygen h a d  en te red  th e  m olecule, th e  ru b b e r h a d  becom e insoluble in  benzene.

(ii) O ^ g e n  w as passed  th ro u g h  a  1 %  solution of sol ru b b er in  methylcjyc/ohexane for 2  hours, a n d  th is  w as followed 
b y  th e  passage for 10 h ours of oxygen and  keten . K eten , d iketen , and  th e  so lven t w ere rem oved u n d e r reduced 
pressure, and  th e  ru b b e r w as dissolved in  benzene before p rec ip ita tio n  b y  alcohol [Found : C, 86-9; H , 11-75; O (diff.),
2-35; M  (viscosity), 31,000. Found  for th e  orig inal ru b b e r :  C, 87-55; H , 11-8; O (diff.), 0-65% ; M  (v isco sity , 
230,000]. U nder sim ilar conditions, b u t  w ith  th e  om ission of ke ten , a  p ro d u c t w as o b ta ined  [Found : C, 87-35; H ,
11-75; O (diff.), 0-9. F o u n d  for th e  original ru b b e r : C, 87-4; H , 11-9; O (diff.), 0-7% ].

T his p ap er form s p a r t  of a  program m e of fu n d am en ta l research  u n d e rtak en  b y  th e  B oard  of th e  B ritish  R u b b er 
P ro d u cers’ R esearch  Association. T he a u th o r w ishes to  express his th an k s  to  D r. E . H . F a rm er for h is advice and 
criticism , a n d  to  D r. H . P . K och for m easurem ents of abso rp tion  spectra.

B r i t is h  R u b b e r  P r o d u c e r s ’ R e s e a r c h  A s s o c ia t io n ,
48, T e w in  R o a d , W e l w y n  G a r d e n  C i t y , H e r t s . [Received, November 24th, 1944.]

P r in t e d  in  G r e a t  Br it a in  b y  R ic h a r d  C l a y  a n d  C o m pa n y , L t d ., 
Bu n o a Yj, S u f f o l k .



R eprin ted  from  the  Jo u rn a l of the  Chem ical Society, 1944, p. 247.

Reactivity of Isoprenic and Analogous Hydrocarbons towards Thiocyanic Acid and Ditkiocyanogen.
B y  R a l p h  F. N a y l o r .

B y  analogy w ith  hydrogen  halides and  hydrogen sulphide (DufEe>, Snow, and  K eyes, Ind. Eng. Chem., 1934, 26, 91; 
Ip a tie fi a n d  F riedm an , J. Atner. Chem. Soc., 1939. 61, 71; V aughan and  R u st, J. Org. Chem., 1942, 7, 472) i t  is 
reasonable to  expect th iocyanic  acid  to  reac t w ith  olefins, and i t  has been rep o rted  b y  K harasch , M ay, and  M ayo [J. 
Amer. Chem. Soc., 1937. 69, 1680) t h a t  i t  will add  to  isobutylene a t  room  tem p era tu re  to  give a  m ix tu re  of tert.-h\i^\ 
th io cy an ate  and  w oth iocyanate . U nder sim ilar conditions in th e  p resen t w ork, th e  only  p ro d u c t t h a t  w as ob tained 
from  cycJohexene a n d  th iocyan ic  acid "was a  sm all q u a n tity  of an  am orphous powder, p ro b ab ly  m ain ly  a  perth iocyanic  
acid, form ed b y  elim ination  of hydrogen  cyan ide from  th ree  m olecules of th iocyanic  acid. T his tendency  tow ards 
decom position  of th e  reag en t p rev en ted  th e  use of e levated  tem p era tu res , a n d  w hen m ethy l th io cy an a te  (a p o ten tia l 
source of SCN and  Me rad icals b y  th erm al decom position) was h ea ted  a t  170® w ith  l-m etiiylcyc/ohexene a n d  a  little  
benzoyl perox ide {as cata ly st), i t  und erw en t b u t  sh g h t reaction , th e  drop  or tw o of p ro d u c t ^ v Jn g  an a ly tical values 
w hich suggested th a t  i t  m ig h t be an  im pure  ad duct. A ttem p ts  to  cata lyse  th e  ad d itio n  of th iocyanic  acid  to  ru b b er 
included ^ e  use of u ltra -v io le t, irrad ia tio n , and  of a lum inium  chloride o r ferric chloride as c a ta ly s t. T he m ost 
successful of these  a tte m p ts  w as w ith  u ltra -v io le t light, b u t even th en  th e  p ro d u c t con tained  only  1-96% of sulphur, 
w hich rep resen ted  6 %  ad d itio n  to  th e  double bonds of rubber.

A lthough  d ith iocyanogen is know n to  add  read ily  to  m any u n sa tu ra ted  com pounds (K aufm ann, Ber. deut. pharm. 
Ges., 1923, 38, 139 j K au fm an n  a n d  L iepe, Ber., 1923, 56, 2614), th e  only reference to  its  reac tion  w ith  cyc/ohexene 
ind ica ted  th a t  ad d ition  w as v e ry  slow, and  no p ro d u c t w as iso lated  (Oda, T am ura, and  Im ai, Sci. Papers Inst. Phys. 
Chem. Research, Tokyo, 1938, 34, 610). I t  has now been established th a t  l-m ethylc^'c/ohexene reac ts  very  read ily  w ith 
nascen t d ith iocyanogen in chloroform . W ith  ru b b e r th e  reaction  proceeds read ily  w ith  p re-p repared  dithiocyanogen, 
a s has been observed b y  several w orkers, a n d  by  vary ing  th e  q u a n titie s  used p ro d u c ts  w ere p repared  in w hich 7— 1 0 0 %  
of th e  u n sa tu ra tio n  w as destroyed . In  every  case gelling s ta r te d  a fte r  a b o u t 1 hour, increased concurren tly  w ith  
ad d ition  of dithiocyanogen, and  w as n o t com plete for several hours. W ith  nascen t dithiocyanogen, however, reaction  
w as com plete w ith in  a  few m inutes.

Addition of Thiocyanic Acid to Rubber.—A 10%  ethereal so lu tion  of th iocyanic  acid w as p repared  from  sodium  
th io cy an ate  by  th e  m ethod  of K lason ( / .  pr. Chem., 1887, 35, 407). T rea tm en t of a  10%  carbon  te trach lo ride  solution 
of m illed crepe w ith  th is  so lu tion  in d ay ligh t a t  15® gave p ro d u c ts  contain ing, a fte r  24 hours 0-07%  of su lphur, and 
a f te r  120 h ours 0-245% . A sim ilar ex p erim en t in  c>'c/ohexane solu tion  a t  0° in th e  d a rk  gave values of 0-32%  and 
0-26%  respectively.

■ \^ en  a  m ix tu re  of a  10%  carbon  te trach lo rid e  solution of m illed crepe (50 ml.) and  10%  e thereal th iocyanic  acid 
(100 ml.) con ta ined  in a  q u a rtz  flask was irrad ia ted  w ith u ltra -v io le t lig h t for I J  hours, only 0*05% of su lp h u r entered  
th e  rubber. T he experim en t w as repeated , acetone being added  as a  photosensitiser a n d  th e  m ix tu re  sealed under 
nitrogen (a t 360 m m .j in  a  P y rex  tube. A fter 16 hou rs ' irrad ia tio n  a t  25— 30° th e  p ro d u c t con tained  1-95% of sulphur.

W ith  ferric ch londe  and  a lum inium  chloride as c a ta ly s t a fte r  3 d ays in d ay ligh t a t  15® p roducts were ob tained  
con ta in ing  0*6% and  0-85%  of su lp h u r respectively.

Addition of Dithiocyanogen to \-Methylcyc\ohexene.— L ead th io cy an ate  (40 g.) w as stirred  as a  suspension in chloro­
form  (120 ml.) a n d  m ethylcyc/ohexene (10 g.) a t  0®. and  phenyl iodochloride (29 g.) added  in sm all q u an titie s. The 
m ix tu re  waS stirred  a t  0® for 5 h ours a n d  th en  k ep t overn igh t a t  th a t  tem p era tu re . T he lead chloride w as filtered ofE, 
and  excess of d ith iocyanogen destroyed  b y  shak ing  th e  solution w ith  sodium  th io su lp h a te  so lu tion  (40 g. in 120 m l. of 
w ater). F rom  th e  dried  solu tion , chloroform  w as rem oved b y  d istillation  a t  a tm ospheric  pressure, and  iodobenzene 
a n d  unchanged methylc;yc/ohexcne sim ilarly  a t  13 mm. pressure. 1 ; 2-Dithiocyano~\-methylcyc\ohexane distilled a t  
100— 106®/0*1 m m . as a  heavy , viscous, yellow  oil, w hich solidified on cooling to  0® (Found : C, 50-8; H, 5-9; N, 12-9; 
S, 30-4. C ,H ,jN ,S , requ ires C, 50-9; H , 5-7; N. 13-2; S, 30•2o^).

Addition of Dithiocyanogen to Rubber.—D ithiocyanogen w as prepared  b y  reaction  of lead  th io cy an ate  (8 g.) w ith  
b rom ine {3-2 g.) in  carbon  te trach lo rid e  o r d isu lphide (100 ml.) a t  0®. T o  25 ml. of th is  solution were added  100 ml. 
of a  1%  carbon  d isulphide so lu tio n -o f m illed acetone-ex tracted  crepe. A fte r 40 m inu tes som e of th e  p ro d u c t was 
se p a ra ted  b y  p rec ip ita tio n  w ith  alcohol (Found : S, 1-6%), and  thef rem ainder, w hich s ta r te d  gelling a fte r  a b o u t I J  
hours, w as sep a ra ted  b y  w ashing w ith  alcohol a t  th e  end of 20 h ours (Found ; S, 14-85%). T he tim e of in itia tio n  of 
gelling w as n o t chang;ed by  th e  su b s titu tio n  of carbon  te trach lo rid e  as so lv en t; w ith  1 0 %  ru b b er solutions in  e ither 
so lven t, gelling com m enced a fte r  30 m inutes.— T h e  B r i t is h  R u b b e r  P r o d u c e r s ’ R e s e a r c h  A s s o c ia t io n , 48, T e w in  
R o a d , W e l w y n  G a r d e n  C i t y , H e r t s . [Received. November 2^th, 1944.]

P r i n t e d  in  G r e a t  B R rrA iN  b y  R ic h a r d  C l a y  a n d  C o m p a n y ,  L t d ., 
B u n g a y ,  S l’p f o l k .




