
THE 
BRITISH RUBBER PRODUCERS' 

RESEARCH ASSOCIATION
Publication No. 49

RUBBER, POLYISOPRENES, AND ALLIED 
COMPOUNDS

PART VIL
ACTION OF NITRIC OXIDE THEREON

BY

F . B L O O M F IE L D  a n d  ( in  p a r t)  G . A. JL F F R E Y



Reprinted from the Journal of the Chemical Society, 1944.

4 4 . Rubber, Polyisoprenes, and Allied Compounds. Part VII.  Action of
Nitric Oxide thereon.

B y  G e o r g e  F .  B l o o m f ie l d  a n d  (in  p a r t )  G . .A .  J e f f r e y .

The reaction of nitric oxide with the olefins cyclohexene, 1-methylcyc/ohexene, dihydromyrcene, and rubber 
presents characteristics of a free-radical, chain reaction. In the products the molecular ratio of combined oxygen 
to nitrogen is considerably in excess of 1 : 1, the nitrogen atom being generally directly linked to carbon. In 
many instances definite nitro-compounds have been isolated, and a considerable part of the attack appears to
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proceed a t  th e  e thy len ic  carbon  atom s, e ith e r b y  su b s titu tio n  or ad d ition  of N O j and  N ,O j groups. T he precise
reac tion  m echanism  is obscure.

A l t h o u g h  th e  re a c tio n s  o f  n itro g e n  d ib x id e , d in itro g e n  tr io x id e , a n d  n i tro s y l  c h lo r id e  w ith  o lefin s h a v e  b een  
s tu d ie d  e x te n s iv e ly , th e  a c t io n  o f  n i tr ic  o x id e  h a s  re ce iv e d  b u t  l i t t le  a t t e n t io n  a n d  i t  h a s  in  f a c t  b e en  s ta te d  
(S idgw ick , "  T h e  O rg a n ic  C h e m is try  o f  N itro g e n ,”  1937, p . 213) t h a t  i t  d o e s  n o t  c o m b in e  w ith  a  n o rm a l e th y le n ic  
lin k a g e . N i t r ic  o x id e  is, h o w e v er, o f  w e ll-e s ta b lish e d  u t i l i ty  in  t h e  s tu d y  o f  f re e - ra d ic a l re a c tio n s , w h ic h  i t  
c a n  p ro m o te , r e ta r d ,  o r  in h ib i t  in  v ir tu e  o f  i t s  p ro p e r ty  o f  s ta r t in g  re a c tio n  c h a in s , o r  s to p p in g  th e m  b y  c o m ­
b in a t io n  w ith  o th e r  free  ra d ic a ls .

General Characteristics o f the Reaction o f N itric Oxide with Olefins.— C h a ra c te r is t ic s  o f  a  fre e -ra d ic a l m ec h an ism  
w ere  e x h ib ite d .  F o r  in s ta n c e , w h e n  a  so lu tio n  o f  ru b b e r ,  d ih y d ro m y rc e n e , l-m ethylc> '^ :/ohexene, o r  cyclo' 
h e x e n e  w a s  s h a k e n  in  c o n ta c t  w i th  n i tr ic  o x id e  th e r e  w as g e n e ra lly  a n  in d u c tio n  p e r io d  o f  15— 30 m in u te s , 
d e p e n d in g  o n  th e  in te n s i ty  o f t h e  p re v a ilin g  l ig h t , b e fo re  a n y  s ig n  o f re a c tio n  b e c a m e  e v id e n t . T h e n  th e  
so lu tio n  a c q u ire d  a  p ro n o u n c e d  g re en  c o lo u r, a b s o rp t io n  o f  n i tr ic  o x id e  c o m m e n ce d , a n d  so m e  h e a t  w a s  e v o lv e d . 
T h e  in d u c tio n  p e r io d  w a s  n o t  c o n fin ed  to  t h e  in i t ia l  s t a r t in g  o f  t h e  re a c tio n , fo r  if  t h e  re a c tio n  w a s  s to p p e d  b y  
re m o v in g  th e  n i t r ic  o x id e  fro m  th e  sy s te n i  a n d  th e n ,  a f te r  a  s h o r t  in te rv a l ,  n i t r ic  o x id e  w a s  r e a d m it te d ,  a n  
in d u c tio n  p e r io d  w a s  a g a in  o b se rv e d  b e fo re  re a c tio n  re co m m e n c ed . U n d e r  t h e  c o n d itio n s  e m p lo y e d , th e  
re a c tio n  c ea se d  o w in g  to  a d m ix tu r e  b y  n i tro g e n  p ro d u c e d  in  th e  re a c tio n . W h e n  p ro v is io n  w as m a d e  fo r 
re m o v in g  th e  n itro g e n , n o  d iff ic u lty  w as e x p e rie n c e d  in  c a r ry in g  th e  re a c tio n  a s  f a r  a s  w a s  d es ired , a n d  i t  
b e c a m e  o b v io u s  t h a t  a b s o rp tio n  o f  n i tr ic  o x id e  c o u ld  p ro c ee d  f a r  b e y o n d  o n e  m o le c u la r  p ro p o r t io n  p e r  d o u b le  
b o n d , a n d  t h a t  t h e  v o lu m e  o f  n itro g e n  fo rm e d  w a s  g e n e ra lly  b e tw e e n  a  t h i r d  a n d  a  q u a r te r  o f  th e  v o lu m e  o f 
n i tr ic  o x id e  w h ic h  h a d  b e en  a b so rb e d  a t  a n y  g iv en  s ta g e  o f  th e  re a c tio n . T h e  fo rm a tio n  o f  n i tro g e n  in  re a c tio n s  
o f  n i tr ic  o x id e  w i th  free  ra d ic a ls  (b u t  n o t  w i th  olefins) h a s  b e e n  re p o r te d  b y  N a u ta  a n d  M u ld e r {Rec. Trav. 
chim., 1939, 58, 1070) a n d  b y  S o n n e b o rn  a n d  W ise lo g le  ( / .  Amer. Chem. Soc., 1942, 64, 860), w h o  a t t r ib u te d  
i ts  fo rm a tio n  to  d e co m p o s itio n  o f a n  in te rm e d ia te  h y p o n itr i te .

O b v io u s ly  t h e  re a c tio n  o f  n i tr ic  o x id e  w ith  o lefin s  d o e s  n o t  p ro c e e d  b y  a n y  s im p le  a t t a c h m e n t  o f  n i tr ic  
o x id e  i ts e lf  t o  t h e  u n s a tu r a te d  m o lecu le , a n d  i t  is n o t  su rp r is in g  t h a t  a  v a r ie ty  o f  p ro d u c ts  w as iso la te d  c o n ta in ­
in g  n i tro g e n  in  v a r io u s  s ta te s  o f c o m b in a tio n  w ith  o x y g en .

Reaction with Rubber.— G o rg a s ’s o b se rv a tio n  {Ber., 1930, 63, 2700) t h a t  a n  in so lu b le  n i tro g e n o u s  p r o d u c t  
w a s  p r e c ip i ta te d  b y  th e  a c t io n  o f  n i tr ic  o x id e  o n  a  r u b b e r  so lu t io n  h a s  b een  co n firm ed . T h is  o c c u rre d  a t  a  
s ta g e  re p re s e n te d  b y  th e  a b s o rp tio n  o f a p p ro x im a te ly  1  m o l. o f n i tr ic  o x id e  p e r  C^Hg u n i t ,  a n d  th e  c o m p o s itio n  
o f th e  p r o d u c t  c o rre sp o n d e d  w i th  th e  in tro d u c t io n  in to  h a lf  o f  th e  a v a i la b le  C jH *  u n i ts  o f  g ro u p s  c o n ta in in g  
n itro g e n  a n d  o x y g e n  in  th e  r a t io  1 ; 2 t o  I : 2*7, v a ry in g  fro m  o n e  p re p a ra t io n  to  a n o th e r .  A t  a  so m e w h a t 
e a r l ie r  s ta g e  t h e  p r o d u c t  c o u ld  b e  s e p a ra te d  in to  tw o  c o m p o n e n ts  o f  a p p ro x im a te  c o m p o s itio n s  C jo H ijO jN  
a n d  C jo H ijO jN . I n  th e  e a r ly  s ta g e s  o f  re a c tio n  th e r e  w a s  c o n s id e ra b le  r e d u c tio n  o f  m o le c u la r  size, b y  a n  o b sc u re  
m e c h a n ism  w h ic h  re q u ire d  th e  a b s o rp t io n  o f  a  p ro p o r t io n  o f  n i tr ic  o x id e  a p p re c ia b ly  g r e a te r  t h a n  th e  p ro ­
p o r t io n  o f  o x y g e n  re q u ire d  to  b r in g  a lw u t  a  c o m p a ra b le  r e d u c tio n  in  m o le c u la r  size  (F a rm e r  a n d  S u n d ra lin g a m , 
J . ,  1943, 125).

Reaction with Simpler Olefins allied to Rubber.— D ih y d ro m y rc e n e  a n d  1 -m eth y lcy c /o h ex en e  y ie ld e d  p ro d u c ts  
w h ic h  a p p e a re d  t o  c o n ta in  s u b s t i tu e n t  n itro -g ro u p s , to g e th e r  w i th  su b s ta n c e s  o f  r a th e r  lo w e r o x y g e n  : n itro g e n  
ra tio .  I n  t h e  fo rm a tio n  o f  th e  fo rm e r p ro d u c ts  th e  u n s a tu r a t io n  w a s  c o n s id e ra b ly  a ffe c te d , b e in g  m u c h  low er 
t h a n  t h a t  c a lc u la te d  fo r  s im p le  n i tro - s u b s t i tu te d  olefins.

c;yc/oH exene y ie ld e d  th e  fo llo w in g  p ro d u c ts  : (1) th e  a lre a d y  k n o w n  c ry s ta l l in e  cycloh&K&ne ^se« rfo -n itro s ite  •  
(B a ey e r, Annalen, 1894, 278, 1 1 0 ; W ie la n d , ibid., 1921, 424, 71), (ii) a  m ix tu re  o f  iso m eric  n itro cy c/o h ex en es 
c o n ta in in g  a  c o n s id e ra b le  p ro p o r t io n  o f  l-n itroc ;yc /ohexene, a n d  (iii) a n  u n s ta b le ,  n o n -d is til la b le , v isc o u s  oil 
c o n s t i tu t in g  th e  m a jo r  p ro d u c t.  P a r t ia l  s e p a ra t io n  o f t h e  iso m eric  n itro cy c /o h ex en es  y ie ld e d  a  f a ir ly  p u re  
sa m p le  o f  t h e  1 -n itro -iso m e r b u t  th e  o th e r  iso m er, in  a l l  p ro b a b il i ty  3 -hitroc> 'c /ohexene, c o u ld  n o t  b e  iso la te d  
in  a  p u r e  s t a te  sin ce  i t  u n d e rw e n t  c o n s id e ra b le  d e c o m p o s itio n  in  t h e  p re sen c e  o f  a lk a l i  (cf. t h e  in s ta b i l i ty  of 
a -m e th y le n e - s u b s t i tu te d  h a lo g e n ; p re c e d in g  p a p e r ) . T h e  c o n s t i tu t io n  o f th e  l-n itro c^ /c /o h ex en e  w a s  e s ta b lish e d  
b y  o x id a t io n  to  a d ip ic  a c id  a n d  b y  re d u c t io n  to  c> /c/ohexanoneoxim e, t h e  l a t t e r  re a c tio n  p ro b a b ly  p ro c ee d in g  
th r o u g h  th e  in te rm e d ia te  ty c^ o h ex e n y lh y d ro x y la m in e  (cf. t h e  re d u c t io n  o f  n itro c y c /o h e x an e  t o  c><c/«?hexyl- 
h y d ro x y la m in e ) , o r  p o ss ib ly  b y  d ir e c t  1 : 4 -a d d it io n  o f  h y d ro g e n  to  th e  CIC’N IO  sy s te m . A s w a s  e x p e c te d  
f ro m  th e  p re sen c e  o n  th e  e th y le n ic  c a rb o n  a to m  o f a  s tro n g ly  p o la r  g ro u p , c a p a b le  o f  fo rm in g  a  c o n ju g a te d  
s y s te m  w i th  t h e  e th y le n ic  lin k a g e , a d d it io n  o f  io d in e  c h lo r id e  t o  th e  > C  —  C <  b o n d  w a s  a lm o s t  c o m p le te ly  
in h ib i te d ,  b u t  th e  a d d it iv e  c a p a c i ty  fo r  h y d ro g e n  e s ta b lish e d  th e  p re sen c e  o f  th e  e th y le n ic  lin k a g e . S p e c tro -  
g ra p h ic  e x a m in a t io n  b y  D r . H .  P .  K o c h , fo r  w h ic h  th e  a u th o r s ’ th a n k s  a re  d u e , h a s  co n firm ed  th e  p re sen c e  o f 
c o n s id e ra b le  c o n ju g a tio n  in  th e  l-n itro c> ’c /o h ex en e  c o m p o n e n t o f  t h e  m ix tu re  (F ig . 1). T h e  o th e r  mixocyclo- 
h e x e n e  w h ic h  w a s  p re s e n t  e x h ib ite d  a  m u c h  m o re  s a t is f a c to ry  a d d it iv e  c a p a c i ty  fo r  io d in e  c h lo r id e . T h e  
c o n s t i tu t io n  o f  t h e  m a jo r  n o n -v o la tile  re a c tio n  p ro d u c t  h a s  n o t  b e e n  e s ta b l is h e d ;  i t  w a s  a  u n im o le c u la r  su b ­
s ta n c e  e x h ib it in g  n o  a d d it iv e  c a p a c i ty  fo r  io d in e  c h lo r id e , w i th  g ro u p s  c o n ta in in g  o x y g e n  a n d  n itro g e iT  in  a  
r a t io  s l ig h tly  in  ex cess  o f  2  : 1 a d d e d  o r  s u b s t i tu te d  a t  t h e  o r ig in a l e th y le n ic  l in k a g e  o f  th e  cycZohexene; t r e a t ­
m e n t  w i th  a lk a l i  g a v e  a  c ry s ta l l in e  p r o d u c t  o f  h ig h e r  n i tro g e n  c o n te n t  t h a n  th e  o r ig in a l o il, su g g e s tin g  th e  
p re se n c e  o f  s ta b le  c a rb o n -n i tro g e n  lin k ag es .

* T h e  b im olecular s tru c tu re  proposed b y  W ieland h as been confirm ed b y  X-x^y  exam ination  (p. 123).



[1944] Rubber, Polyisoprenes, and Allied Compounds. Part F / / .  122
T h e  p r in c ip a l  c h a ra c te r is t ic s  o f  th e  re a c t io n  u n d e r  c o n s id e ra tio n  a re  th e re fo re  : (1) V a r io u s  p ro d u c ts  a re  

f o rm e d ;  a l l  c o n ta in  n i tro g e n  d ir e c t ly  l in k e d  t o  c a rb o n , a n d  th e  n i tro g e n  is  c o m b in e d  w i th  o x y g e n  in  th e  p ro ­
p o r t io n  1 ; 2, 2 : 3, o r  1 : 3 :  s e v e ra l  o f t h e  p ro d u c ts  a re  id e n tic a l 
w i th  th o se  k n o w n  to  b e  fo rm e d  b y  th e  a c t io n  o f  h ig h e r  o x id e s  o f 
n i tro g e n  o n  th e  c o rre sp o n d in g  o lefin . (2) A t  le a s t  1 m o l. o f n i tro g e n  
is  fo rm ed  fo r  e v e ry  4  m o ls . o f  n i t r ic  o x id e  rea 'c tin g . (3) W h e n  
s u b s t i tu t iv e  re a c t io n  is  t a k e n  in to  a c c o u n t,  t h e  H  : C r a t io  is  s u b ­
s ta n t i a l ly  p re se rv e d . (4) T h e  e th y le n ic  c a rb o n  a to m s  a re  e x te n ­
s iv e ly  in v o lv e d  in  s u b s t i t u t i v e . a n d  a d d it iv e  re a c tio n s . (6 ) T h e  
re a c tio n  is in h ib i te d  b y  a lc o h o l o r  a c e tic  a c id .

S in ce  m o s t  o f  th e  re a c tio n  p ro d u c ts  a r e  p re c ise ly  th o s e  o b ta in e d  
b y  th e  a c t io n  o f  h ig h e r  o x id es  o f  n i tro g e n  o r  o f  n i tro u s  a c id , i t  is  
l ik e ly  t h a t  re a c tio n  p ro c e e d s  b y  c o n v e rs io n  o f  t h e  n i tr ic  o x id e  in to  
a  h ig h e r  s t a te  o f  o x id a tio n , p r o b a b ly  b y  a  f re e - ra d ic a l  c h a in  
m e c h a n ism  in v o lv in g  th e  h y d ro c a rb o n . T h e  a t t a c k  a t  th e  e th y le n ic  

. c a rb o n  a to m s  m a y  b e  c lo se ly  re la te d  t o  th e  p re fe re n tia l  a t t a c k  o f
^  \  f ree  h a lo g e n  ra d ic a ls  a t  th e s e  c a rb o n  a to m s  (p rec e d in g  p a p e r) .

A n y  su c h  re a c t io n  m u s t  o c c u r  in  t h e  l iq u id  p h a se , s in c e  b ro w n  
fu m e s  in  t h e  g a s  p h a se  w ere  n o t  o b s e r v e d ; t h e  p re sen c e  o f  n i tro u s  
a c id  o r, m o re  p ro b a b ly ,  d in itro g e n  t r io x id e  in  t h e  l iq u id  p h a se  w as, 
h o w e v er, d e te c te d  b y  S o n n e b o rn  a n d  W ise lo g le ’s  p ro c e d u re  {loc. 
cit.) d u r in g  th e  c o u rse  o f  t h e  re a c tio n . I f  n i tro u s  a c id  i ts e lf  is 
fo rm ed , i t  m u s t  b e co m e  in v o lv e d  in  a  c o u rse  o f  re a c tio n  o th e r  t h a n  
th e  u su a l  fo rm a t io n  o f  ^ -n i tro le s  w i th  th o s e  s e c o n d a ry  n i tro -g ro u p s  
a lr e a d y  p re s e n t .  T h e  fo rm a tio n  o f  so m e  o f  th e  re a c t io n  p ro d u c te  is 
sa tis f ie d  b y  o v e ra l l  re a c tio n s  o f  t h e  ty p e  re p re s e n te d  b y  th e  e q u a tio n s

200 240 280 320 360 400  +  N ,  +  H N O , o r200 240 2 8 0 ^ ^ ^ ^ ^  360 400  -  2 R H  +  8 N O  S K N O ,  +  2 K , +  +  H .O

(6) > c :c <  H- N,0, =  >C(NO)-(j:(NOj)
(c) 2 R H  +  lO N O  =  2 K N O , +  3 N , +  2 H N 0 ,  o r

2RH -f- lONO =  2RNOj +  3Nj +  NjO, -f- H,0.
E x p e r i m e n t a l .

(M icroanalyses were carried  o u t b y  D r. W . T . C ham bers a n d  Miss H . Rhodes.)
R eac tio n s w ere co n d u cted  e ith e r in  a  glass globe o r in  a  sm all flask fitted  w ith  a  sin tercd-glass d is tr ib u to r th rough

w hich gas could  be  passed, first from  reservo ir A  in to  reservoir B  (Fig. 2), a n d  th e n  b ack  in to  A b y  m an ipu lation  of th e

A.^cycloH txent.
B.—NitrocycZt>hexane.
C.—M ix tu re  o f isom eric nitrofyc/ohexenes.
D.— l-Nitrocjy<:fohexene (m ainly).

stopcocks a n d  ap p lica tio n  of n itrogen  pressure  to  th e  reservoirs. T he a p p a ra tu s  w as first sw ept o u t w ith  purified n itro - 
g w , th e n  evacu ated  u n til  th e  so lven t h ad  boiled vigorously fo r a  few  m inu tes u n der th e  reduced pressure, refilled w ith  
n itrogen , re -evacuated , a n d  finally  filled w ith  n itric  oxide ob ta in ed  from  sodium  n itr ite , p o tassium  ferrocyanide, and  
ace tic  acid . T h e  gM  r e f i n i n g  a t  th e  conclusion o f an  ex p erim en t wa5  d isplaced in to  a  m easuring  system  an d , a fte r  
rem o v a l o f  a n y  n i ^ c  ox ide w ith  aqueous p o tassium  p erm an g an a te , th e  volum e o f resid u a l n itro g en  w as m e a s u r ^ .

Experiments with Rubber.—T he hydrocarbon  (sol ru bber, -6  g.) w as dissolved in  carbon  te trach lo rid e  (300 c .c .) : 
reac tio n  requ ired  30— 120 m ins. T he resu lts a re  in th e  table .

Experiments with Dihydromyrcene and \~Methylcyc\ohexene.— D ihydrom yrcene (16*6 g.) *in carb o n  te trach lo rid e  
(160 c.c.) w as shaken  w ith  n itr ic  oxide (1888 c.c., N .T .P .) in th e  glass globe d u rin g  8  h o u rs  in  d ifiused sun ligh t. T he 
m id u a l  gas (688  c.c.) co n ta ined  a  lit t le  n itric  ox ide (38 e x .) .  w hence th e  n itric  ox ide consum ed a n d  th e  n itrogen 
form ed w ere eq u iv a len t to  0-73 mol. a n d  0-22 mol. respectively  pe r mol. o f d ihydrom yrcene. A lit t le  yellow resin 
T O  p rec ip ita ted . T he yeUow su p e rn a ta n t so lu tion  yielded on d istilla tio n  unreac ted  d ihydrom yrcene (10-8 (?.), a  liquid 
fraction , b . p . 66— 70®/0'001 m m . (0-6 g.). and  considerable residue (4-1 g. Found  : C, 66-56; H , 8*5; N, 11-6% ; I.V .,



Reaction o f N itric Oxide with Rubber.
N O  consum ed, 

m ols. per 
un it. 

0-13 
0 1 5  
0-19 
0-48 
0-94 
0-96 

ca. I'O
ca. O'O

1*35

N , form ed, 
m ols. pe r 
m ol. NO.

Analysis of p ro duct, % .

C. H. N. 0 . I.V .
__ 84-2 11-3 __ __ __

V 0-28 83-9 11-3 1-65 3-2 —
0-23 83-15 1 1 -1 __ __ ___
0*25 76-0 10*16 4-2 9-66 262
0-24 t __ __ __ __ __
0 -2 ^ 68-7 9 0 5 6-0 16-25 220
__ 63-25 8M5 7-85 20-3 __

f 68-0
160-7

8-9 6-95 16-15 § __
7-85 6-85 24-6 II —

0-29 t — — — —

Solubility  of p ro duct. 
Soluble 

*

P a r t ly  insol 
Insol.
Insol. p a r t,  7 4 %  o f p ro d u c t 
Soluble p a r t,  26%  of p ro d u c t 
Insol.

* In tr in s ic  v iscosity  0-74 in  benzene +  16%  m eth an o l; mol. w t. 74,000 (original mol. w t. 238,000). 
t  In tr in s ic  v iscosity  0-57 in  benzene; mol. w t. 33,000 (original mol. w t. 220,000).
j  I n  th ese  ex p erim en ts th e  absence of carbon  d ioxide in th e  residual gas w as d em o n stra ted  by  passage of th e  la tte r  

th ro u g h  a  weighed C O j-absorption  tube.
§ E m pirica l fo rm ula  C ioH i5.j(NO j)o.9. f| E m pirica l fo rm ula  CijH ij.^NOg.

79, corresponding  to  C ioH j.O g.sN ,.-). T he liquid  frac tio n  w as p ro b ab ly  a  nitrodihydroniyrcene [Foynd : C, 65*6;
9*4; N, 7-7; / .K .. 166. C ,o H ,,0 ,N  re q u ir e  C, 65-5; H , 0-35; N . 7-65% ; * - -  -

H ,79, corresponding  to  CioHjgOj.gNi.g).
‘  : N, 7 '7 ; I.V ., 166. C , ,H „ 0 ,N  requires C . 65-5; H , 9-35; N . 7-65% ; I.V .. 277 ( ( f ) .  139 ([f)].

I-M ethylcyc/ohexene sim ilarly  yielded a  liquid  p ro duct, b . p. 50®/0-01 m m ., p ro b ab ly  a  nitromethylc.yc\oh.exene (Found :
C. 69-3; H . 8-0; N, 10-0; I.V ., 73. C ^ H i A N  requires C. 69-56; H . 7-85; N , '9 '9 % ; I.V ., 180), a n d  som e viscous 
residue.

Reaction with cycXoHexene.— N itric  oxide eq u iv a len t to  1-6 m ols. p e r  mol. o f cyc/ohexene w as consum ed during  15 
h ours in a  du ll ligh t, w ith  fo rm ation  of 0*44 mol. o f n itro g en ; a  w hite, crysta lline  solid sep ara ted  con tinuously  from  th e  
com m encem ent of th e  reac tion . T h is (2-44 g.) w as filtered off a n d  th e  f iltra te  yielded on  d istilla tio n  a  pale  yellow liquid, 
b. p . 33— 46®/0'01 m m . (ca. 6  g.), and  considerable residue (14*4 g.).

Crystalline solid. T h is w as c^c/ohexene 0-nitrosite , m. p . 163® (decomp.) from  benzene, m ixed m . p . w ith  au th en tic  
specim en 163® (decomp.) (F o u n d : C, 45-66; H , 6-35; N . 17-5; I.V ., 0. Calc, fo r C eH io N .O ,: C. 45-56; H , 6-35; 
N, 17*75%); recrysta llisa tion  from  chloroform -alcohol sep a ra ted  i t  in to  tric lin ic  needles, m . p . 153® (decomp.), d\T 
1*389. a n d  m onoclinic prism s, m . p . 153® (decomp.), 4^* 1-378.

Note on crystal structure of cyclohexene nitrosites (by G. A. J e f f r e y ) .  T he tric lin ic  needles h a d  cell dim ensions 
a =  7*19 A., b =  10*20 A., c =  5-15 a ., a  =  90®, y =  98®, /J =  104*5®, w hence th e  calcu la ted  d en sity  fo r 2 (C ,H ,jN ,0 ,)  
w as 1*35. T he space group m ay be P I  w ith  an  asym m etric  dim eric m olecule, o r P i  w ith  tw o  m onom ers o r one centro- 
sym m etric  dim er. T hese dim ensions, p a r t ic u l^ ly  th e  sh o rt c axis, im pose c e rta in  lim ita tio n s on th e  choice of possible 
co n ^g u ratio n s fo r th is  com pound. A b o u t 3*3 a . being  allowed as th e  n earest ap proach  of a to m s in  a d jacen t m olecules 
betw een  w hich th e re  a re  on ly  o rd in ary  v a n  de r W a a k  forces. I t  follows t h a t  th e  w id th  o f th e  m olecules along a n y  line 
paralle l to  th e  c ax is  m u s t n o t exceed a b o u t 2*2 a . F o r  th e  m onom eric n itro s ite  th e re  a re  a  n um ber o f configurations 
to  consider depending upon  th e  positions of th e  NO* an d  N O H  groups a n d  th e  shape of th e  ring. Two such arrangem ents, 
one w ith  a  Sachse b oat-shaped  rin g  a n d  th e  o th e r w ith  th e  chair-shaped  ring, would give th e  necessary  fia t m olecules, 
b u t  n e ith e r o f these  cou ld  be  packed in to  th e  u n it cell w ith o u t a  m uch  closer association  th a n  3 a . betw een a to m s of 
a d ja ce n t molecules. T h e  tric lin ic  form  m u st therefo re  be  dim eric.

T he m onoclinic p rism s h ad  cell dim ensions a =  11-44a .,  b =  12-28 a ., c — 11*06 a ., ^  =  101® 2T , w hence th e  density  
ca lcu la ted  fo r 4 d im eric  o rS m o n o m eric  m olecules in th e  cell w as 1*36. T he space-group w as P 2 ,/c . A lthough th e  cell 
dim ensions give lit t le  guide to  th e  m olecu lar shape, th e re  is scarcely sufficient room  to  accom m odate  e igh t m onomeric 
m olecules a n d  fo u r d im ers seems th e  m ore likely.

C onsideration  of th e  configurations for th e  dim eric m olecules is com plicated  b y  u n c erta in ty  of th e  tru e  n a tu re  of th e  
assoc iating  link  (cf. Sidgwick, op. cit., p . 214). F o r th e  tric lin ic  form , only  a  m olecule w ith  th e  C -N  (nitro) bonds approxi­
m ate ly  in  th e  p lan e  o f th e  ring  is consisten t w ith  th e  sh o rt axis, and  for th e  m onoclinic p rism s a  stereoisom eric a rrange­
m en t w ith  th e  n itro 'g ro u p  p ro jec ting  o u t o f th e  p lane  is possible.

Liquid product. T h is appeared  to  be  a  m ix tu re  of isom eric nitrocyc/ohexenes (Found : .C , 56*6; H , 7*15; N, 11-3;
I . V.. 76. Calc, fo r C ,H ,0 ,N  : C, 56-7; H , 7-15; N , 11-0% ; I. V., 200). th e  presence of th e  n itro -group  being ind ica ted  by 
th e  follow ing f a c t s : (1) Close resem blance to  au th e n tic  nitrocyc/ohexenes p rep ared  b y  tw o  different m ethods (see below). 
(2) T he b lue  colour characteris ing  a  secondary n itro -group  w as observed on tre a tm e n t w ith  n itro u s acid. (3) T he active  
hydrogen  co n ten t {ca. 0 -1 % ), w hich probab ly  arose from  p a r tia l  isom erisation  of th e  n itro -group , w as m uch to o  low to  
p e rm it o f th e  presence of a  hyd ro x y l group. (4) No d eriv a tiv es characteris ing  a  carbony l o r a  hydroxy l group could 
be  o b ta ined . (6 ) cycloHexyl nitrite (F o u n d : C, 66-2; H , 8 *8 ; N, 10-8. C ,H u O ,N  requires C, 55-75; H . 8 -6 ; N, 
10-8%), p repared  b y  th e  action  of n itro u s acid on cyc/ohexanol, h a d  a  considerably  lower b. p . (<30®/13 m m ., 41®/20 mm.) 
th a n  th e  liqu id  u n d e r consideration . (6) R eduction  w ith  zinc d u s t in  ace tic  acid  gave a  30%  yield  of c;yc/ohexanone- 
oxim e, m . p . 76— 79®. m ixed m . p. w ith  au th en tic  specim en (m. p . 84— 85®) 79— 81® (Found : C, 63*1; H . 9-65; N, 12-3. 
Calc, for C ,H iiO N  : C, 63*2; H , 9-7; N, 12-3%). R eduction  of nitrocyc/ohexane u n d e r th e  sam e conditions yielded 
cyclohexylhydroxylamine, m . p. 137® (F o u n d : C, 62-6; H , 11*4; N, 12-1. C ,H „ O N  requires C, 62*65; H , 11-4; N, 
12*16% , w hich w as sparing ly  soluble in  w a ter (solution feebly alkaline). (7) H ydrogen  u p tak e  w as 7 a tom s pe r mol. 
w ith  A dam s’s c a ta ly s t. 8 a tom s p e r mol. w ith  R an ey  nickel. (8) T he u ltra -v io le t a b so lu tio n  spec trum  (curve C, Fig. 1) 
e stab lished  th e  presence of considerable con jugation . (9) To 3-4 g. of th e  liqu id , s tirred  w ith  2 N - s o d i u m  hydrox ide  
(1 4 c .c .), w as added  a  3 %  solution  of po tassium  p erm an g an a te  (315 c.c.) a t  0— 20®; th e  y ield (1-3 g. of adipic acid , 
m . p . 151®, m ixed m . p . 151® (Found : C, 49*6; H . 6*96; equiv ., 73. Calc, fo r C ,H „ 0 4  : C, 49-3; H , 6 -9% ; equiv ., 
73), e stab lished  th e  presence of a t  least 40%  of l-nitroc^/c/ohexene in  th e  sam ple. (10) l-N itro<^dohexene w as p a r tly  
se p a ra ted  from  th e  accom panying  isom er by  shak ing  w ith  cold N - s o d i u m  hydroxide, in  w hich l-nitroc;yc/ohexene was 
know n to  be  insoluble, and  th e n  ex tra c te d  w ith  e ther. T he alkali-insoluble p o rtio n  h ad  b . p . 35— 36®/0*01 m m ., and  
1*0 g. gave 0*8 g. o f ad ip ic  acid  eq u iv a len t to  0*7 g. of nitrocyc/ahexene) on ox idation  as ab o v e; (pQund : C. 56-65;
H , 7-3; N, 10*7%; 7 .7 .,  23). (For u ltra -v io le t abso rp tion  spec trum  see cu rve  D, Fig. 1.) . T he alkali-soluble portion , 
b . p . 30— 42®/0-Ol m m ., h ad  undergone p a rtia l hydrolysis** [Found : C, 61*2; H , 7*7; N. 8*5; I.V ., 119. Calc, for
m ixtureof 76%  C ,H ,-N O , a n d  25%  C ,H ,-O H  (?) : C, 60*9; H . 7*7; N , 8 -5% ; 7 .7 .,  215].

•  A high  o rd er of re ac tiv ity  of groups su b s titu te d  a t  th e  3-position of cyc/ohexene h as a lread y  been observed in  halogen- 
su b s titu tio n  p ro d u c ts  (preceding paper).
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Examination o f other specimens o f nitrocyclohexene. l-Nitroc>c/ohexene. b. p. 45— 50®/0*l mm. (Found : C, 56-0;

H. 7-63; N, 10-8%: J.V ., 29), prepared according to Wieland {loc. cii.), was insoluble in N-sodium hydroxide; 1-9 g. 
gave 1*1 g. of adipic acid on oxidation, and the hydrogen uptake (Adams’s catalyst) was 7 atoms per mol. 3(?)-Nitro- 
cvc/ohexene, b. p. 34 /̂0-01 mm. (Found: C. 56-26; H, 7-1; N. 10*9%; I .V .. 166). prepared by the action of alkali on 
cyc/ohexene ^-nitrosite (Wieland) was soluble (with partial hydrolysis •) in N-sodium hydroxide; 0*8 g. gave 0-15 g. of 
adipic acid, corresponding to the presence of 16% l-nitrocjKC^ohexene, and the hydrogen uptake (Adams’s catalyst) was 
7-5 atoms per mol.

Residue. This slowly decomposed at room temperature and could not be distilled without severe decomp^ition. 
An effective separation from cyclohex&at ^-nitrosite was achieved by dissolution in methanol at 0°, in which the nitrositc 
was insoluble; removal of the alcohol gave a brown viscous oil. The products of four separate reactions were remark­
ably. constant in composition [Found : C, 44’6±0-6; H, 6-I±0-l; N, 13-9±0*1%; I .V .,  4; M  (f. p. depression 
benzene). 164], which corresponded to the formula Oxidation of 4*6 g. with alkaline permanganate
(3%, 270 c.c.) proceeded only slowly and yielded an unidentified neutral oil (0-65 g.) and adipic acid (1*7 g.). Oil (6*4 g.) 
in alcoholic potassium hydroxide (100 c.c., 0*82n) at the b. p. for 15 mins. yielded a large and a small portion respectively 
soluble and insoluble in alkali. Distillation of the former yielded a little impure nitroc^c/ohexene, b. p. 40— 47®/0*l mm. 
Found: C, 67-1; H, 7*4; N, 10*6. C a lc , for mixture of 96-75% C,H,*NOj and 3*26% C,H#‘OH : C, 57-16; H, 7-25; N, 
0-5%) and a considerable residue from which an unidentified crystalline solid separated, m. p. 107— 108® from benzene 

(Found: C, 460; H , 5 1 5 ;  N. 17-7. C,H*0,N, requires C. 46-1; H, 5-15; N. 17-95%). . .
The reaction qf nitric oxide with c>'c/ohexene did not proceed in alcoholic solution, or in a medium containing acetic 

acid. Nitrjc oxide did not react with nitroc '̂c^ohexene in carbon tetrachloride.

This paper forms part of a programme of fundamental research undertaken by the Board of the British Rubber 
Producers’ Research Association. The author expresses his thanks to I>r. E. H. Farmer for his advice and criticism, and
to Dr. G. Gee for molecular-weight determinations. rr, •  ̂ l n .i.
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