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B r. fa th a n  &. Brakes suggested  and o u tlin e d  tb s  

in v e s t ig a t io n  d escrib ed  in  t h i s  th e s i s .  B aring  the  e n t i r e  

cou rse  o f th e  in v e s t ig a t io n ,  he gave in v a lu a b le  adv ice  and 

encouragem ent. His a s s is ta n c e  in  th e  d esign  and c o n s tru c tio n  

o f  many s p e c ia l  p ie c e s  o f  ap p a ra tu s  u sed  sag  very  h e lp f u l .

3he to ta l i ty  o f  t h i s  th e s is  was improved by h is  c o n s tru c tiv e  

c r i t i c i s m ,  f o r  a l l  th ese  th in g s , the  a u th o r  d e s i r e s  to  

ex p re ss  h i s  g r a te f h l  a p p re c ia tio n .
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i r a a o m c f i o i

Xhamylen© i s  a  by -p roduct formed in  th e  c h lo r in a t io n  o f  

th e  pen tan s  f r a c t io n  o f  pe tro leum . O ther b y -p roducts  formed in  

t h i s  p ro ce ss  a re  tr im s th y le th y le n e , diam yl e th e r  and some 

d ie h lo rp e n ta n e s1*2 . Hhe diam ylene i s  formed by p o ly m e risa tio n  o f  

th e  asnylenes. lb© s t ru c tu r e  o f  the  deeene, o r deeenes, thus formed 

had  n e t  been e s ta b lish e d *

fhe l i t e r a t u r e  r e l a t i n g  to  s tu d ie s  on o le f in s  o f  t h i s  

type h a s  been summarised by GoOtee3 and the  more r e c e n t  c e n tr lb u -  

t lo n s  her© been reviewed by Wheeler4 .

S chindelm eiser5 o x id is e d  a  dimer o b ta in ed  by the po ly

m e risa tio n  o f  trim s th y  le  th y le n e . S evera l p ro d u c ts  were l s o la t e d 9 

b u t a c e t ic  and su c c in ic  a c id s  a re  the  on ly  compounds th a t  were 

recognised# Even th e se  were n o t c h a ra c te r is e d  by th e  fo rm ation  

o f  s u i ta b le  d e r iv a t iv e s .  A pparen tly  d is re g a rd in g  th e  p ro d u cts  

o f o x id a tio n , sch ln d e lm sise r a s c r ib e s  tb s  s t ru c tu r e  

%%G( 013)30( 0% ) !C(0% )2 to  the  dim er, based on i t s  fo rm ation

from trim© th y le  th le n e .

I c r r l s  and J o u b e r#  a t t r ib u te d  t h i s  same s t ru c tu re  to  

a  dimer o b ta in ed  by th e  a c t io n  o f s u l fu r ic  a c id  on tr im e th y le th y le n e • 

She p u b lish ed  ev idence fa v o r in g  t h i s  s t ru c tu re  i s  no more 

co n c lu siv e  than  th a t  o b ta in ed  by S ch indelm elser• *Eh© dim er was



su b je c te d  to  th e  a c t io n  o f o so n ised  a i r .  fhe  p ro d u c ts  r e s u l t in g  

from  tli# decom position o f tb s  oson ide wore form ic and a c e t ic  a c id s , 

a  substance  th a t  c e l l e d  l ik e  acetone and gave the  n itro p ru g s id e  

c o lo r  t e a t ,  the  s i l v e r  s a l t  o f  an a c id  OgH13COOH, b e lie v e d  to  he 

dime th y le  thyl&ee t i c  a c id , and th re e  eq u a l f r a c t io n s  b o i l in g  

130-150°, 160*160° and 160 to  over ZOO0 ,  £hes# were b e liev e d  to  

c o n ta in  the  m ethyl ke tone  co rresp o n d in g  to  dime th y le  thy  lac#  t i e  

a c id ,  h a t  the  ke tone  was n o t i s o la te d  in  the  pu re  s t a t e  and was 

n o t c h a ra c te r is e d  by d e r iv a t iv e s .

In  the l a s t  two y e a rs , Whitmore and h i s  s tu d e n ts  have 

in v e s tig a te d  th e  s t ru c tu r e  o f a  number o f  o le f in s  r e s u l t in g  from 

th e  d eh y d ra tio n  o f  a lc o h o ls . 3he f i r s t  o f th ese  s tu d ie s 7*®*9*1** 

was a  co n firm atio n  o f  the s t r u c tu r e  o f  the  isom ers o f  d iiso b u ty le n e  

a s  2 , 4 ,4« tr im s th y  lp e n te n e « l and 2 ,4 ,4 - tr im s th y lp e n ten e -2, a s  re p o r te d  

by Batlerow11 and McOubbln and Adkins12, and a  s tu d y  o f  th e  p r o p e r t ie s  

o f  th ese  pure  o le f in s ,  fhe  d eh y d ra tio n  o f 1 s o p ro p y l - te r t . - b u ty l -  

c a rb in o l13 by s u l f u r ic  a c id  gave the  same p ro d u c ts  a s  was o b ta in ed  

by h e a t in g  the  co rrespond ing  &ri@iard complex, fhe p ro d u cts  

in c lu d e  294 ,4 - tr lm e tb y lp e n te n e - l , and h ig h e r  b o i l in g  o le f in s  n o t 

y e t  i d e n t i f i e d .  D ehydration o f  ms th y le  thy l~  te r t^ - b u ty lc a r h in o l1*  

by h e a tin g  w ith  a  t r a c e  o f  io d in e  gave m ainly  2 ,2 ,3 - tr im e th y lp en te n e -3 , 

and abou t 20$  o f  a  rearrangem ent p ro d u c t 2 ,3 ,3 - tr im stb y lp en ten e -1  •

Dime thy  1- t o r  t .-a m y lc a rb in o l1^  m  s im ila r ly  dehydra ted  to

2, 3, 3- 1rim ethy lpen tene-1  and a  sm all amount o f  a  by -p roduct n o t



y e t  i d e n t i f i e d .  2 , 3 ,4 - tr im * th y lp e n tan o l-3 , s im i la r ly  dehydrated , 

y ie ld e d  a  m ix ture  o f  3-me th y l - 2- l sop ropy lba tene-1  and 2 ,3 ,4 - t r i -  

m ethylpenteno-2  In  th e  r a t i o  o f  1*2 . A lcohols o f  the  type 

E(CHg)( iSO-C3H7)COS s e re  found to g iro  m ix tu res  o f two o le f in s  in  

each  o f  the  fo u r  case s  s tu d ie d 15* D ehydration o f  p ln a c o ly l 

a lc o h o l hy ( l )  o x a lic  a c id  ( 2) h e a tin g  the  -OMgBr d e r iv a tiv e  o f  

th e  a lc o h o l and (3 ) hy h e a t in g  w ith  io d in e  In  a  se a le d  tube gave 

v a ry in g  amounts o f  tetname th y le  th y len e  and nnsym m etrieal 

m eth y llso p ro p y le th y len e15. D ehydration o f p ln a c o ly l  a lco h o l w ith  

phosphoric  a c id  on s i l i c a  g e l gave th ese  rearrangem ent p ro d u c ts , 

and the  n o ra a l d eh y d ra tio n  p ro d u c t, as w e ll17. S u b s titu te d  p ln a c o ly l  

a lc o h o ls  behaved s im ila r ly ,  ex cep t th a t  no 2 -rae th y l-3 -b a ty lh sp ten e~ 3  

was o b ta in ed  from 3-me th y l-3 - tu ty lh e p ta a o l~ 2 18. Octamo1-1 and 

e c ta n o l-2  bo th  gave m ix tu res o f  ootene-1  and o c te n e -219, on 

d e h y d ra tio n . D ehydration o f  s e v e ra l  t e r t i a r y  neo p en ty l a lc o h o ls20 

r e s u l te d  In  a  norm al d eh y d ra tio n , w ith  l i t t l e  o r  no tendency toward 

th e  fo rm ation  o f  rearrangem ent p ro d u c ts . D ehydration o f  twenty-two 

ilp h a t ic  t e r t i a r y  a lc o h o ls  c o n ta in in g  norm al a lk y l  groups ran g in g  

in  e ls e  from m ethyl to  amyl21 y ie ld e d  on ly  the  norm al dehyd ra tion  

p ro d u c ts , and no p ro d u c ts  r e s u l t in g  fro®  rearrangem ent. D ehydration 

o f  d i - t e r t  .-h u ty lcaa rb in o l22 was found to  give a  77$ y ie ld  o f  

tr im s  th y le  th y le n e , due to  rearrangem ents • th e  s ta tem en t i s  made 

t h a t  p a r t  o f  the  tr im s th y le  th y len e  i s  po lym erised , b u t the n a tu re  

o f  the  polym er was n o t re p o r te d .
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The deeenes formed by the a c tio n  o f  s a l f a r i e  a c id  on 

m ethy l! sopfepy lc& rb ino l h a w  boon u a d s r  in v e s t ig a t io n  in  t h i s  

la b o ra to ry  f o r  s e w r a l  y e a rs3*4 . p o ly m e risa tio n  i s  b e l ie w d

to  proceed th rough  the  in te rm e d ia te  fo rm ation  o f  trim e  th y le  th y le n e . 

th e  p ro b ab le  r e la t io n s h ip  of dlam yleae to  th e  deeenes formed from 

m e th y liso p ro p y lc a rb in o l le d  to  th e  p re s e n t  in v e s t ig a t io n .

Two c o n s t i tu e n ts  o f dlam ylene were se p a ra ted  by  

f r a c t io n a l  d i s t i l l a t i o n .  The f r a c t io n s  time o b ta in ed  were su b je c te d  

to  the  a c tio n  o f o son lsed  oxygen, The p ro d u c ts  o f  o so n o ly s ls  were 

aee ta ld eh y d e , i d e n t i f i e d  by the  fo rm atio n  o f i t s  p -n itro p h e n y l-  

hydrazone, and two k e to n e s , namely 3, 3 -d iae thy lhexanone-5  and 

3 f 2 f 3 .tr im e th y lp en tan o n e» 4 . The s t r u c tu r e  o f the  form er ketone 

was e s ta b l is h e d  by E lin e 27 . That o f  the l a t t e r  by  the fo llo w in g  

tra n s fo rm a tio n s :

°©H13a00!'% * ¥ % 0H — — »  06E13(0% )Ss10H  * HgO 

O ^ O ^ C V O H  B> CgH^gNMSOCHj

CgHj^gNHIOCHg ♦ % 0 c6H13Mafe ♦ c % cooa

The amine was id e n t i f i e d  a s  3 -am in o -2 ,2 -d i-

m ethylbn tane, by sy n th e s is  o f  th e  l a t t e r  from pin& colone, and mixed 

m e ltin g  p o in t  d e te rm in a tio n s  o f  s e v e ra l d e r iv a t iv e s .

This e s ta b l is h e s  th e  s t r u c tu r e  o f  th e  deeenes m

CgHgCtCHgJgCHgCKCHg): CHCEg

a n d

(CH3) 3COHCH3C(CH3 ):CaDHg
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w j u i o m L

I t  was proposed to  su b je c t  th© c o n s t! tu e n ts  o f 

diam ylene to  tb s  a c t io n  o f o son ised  oxygen, and to  c h a ra c te r is e  

th e  fragaien ts r o s u i t in g  from the  decom position o f  th e  r e s u l t in g  

e so n ld e . P rev ious w orkers in  t h i s  la b o ra to ry 9*4 had  found i t  

ex trem ely  d i f f i c u l t  to  s e p a ra te  the  k e to n es r e s u l t in g  from  the 

o so n isa tio n  o f a  m ixture o f  isom eric  deeenes. Hence i t  was 

deemed a d v isa b le  to  f i r s t  s e p a ra te  th e  diam ylene in to  th e  in d iv id u a l  

isom ers p re s e n t ,  a s  f a r  a s  t h i s  was p ra c t ic a b le  by f r a c t io n a l  

d i s t i l l a t i o n .

Ihe dlam ylene need was o b ta in ed  through, th e  c o u rte sy  

o f  th e  S h arp ies  S o lv en t C o rp o ra tio n . ‘Ifce commercial p ro d u c t 

was re f lu x e d  over sodium f o r  13 h o u rs , end was then  d i s t i l l e d  

from  the  sodium, fwo l i t e r s  o f  th is  m a te r ia l  was f r a c t io n a te d  

a t  th e  Bureau o f S tandards, t h r o n g  the c o u rte sy  o f  the  l a t e  

S r .  B. W. Washburn and S y lv e s te r  T. S ch ick taa s . She s t i l l  u sed  

i s  o f  the  t o t a l  condensation  ty p e , and has been d e sc rib e d  by 

S ch ick tans23 . fhe  r e s u l t s  o f  t h i s  f r a c t io n a t io n  a re  g iven in  

th e  fo llo w in g  ta b le s



DI3TILLATIGN a

B arom etric Freeg&re = 2X5 mm.

F ra c tio n f e t a l  fo lw m B o ilin g
n a5°Ho. D is t i l l e d F o in ta

1 54 100 0 1.4262
2 106 104.6 1.4278
3 163 104.9 1.4311
4 216 107.2 1.4318
5 269 106*7 1.4312
6 528 110.2 1.431$
7 385 110.5 1.4318
S 441 111.3 1.4322
9 500 111.3 1.4325

10 554 111.3 1.4325
11 607 111.3 1.4325
12 657 111.5 1.4324
13 707 112.8 1.4325
14 758 112.8 1.4325
15 812 112.8 1.4325
16 868 113.0 1.4325
17 922 113.8 1.4325
18 987 113.6 1.4825
19 1049 114.1 1.4325
20 1107 114.3 1.4326
21 1167 114.8 1.4330
22 1215 114.7 1.4333
23 1267 115.2 1.4334
24 1325 118.4 1.4387
28 1383 115.8 1.4337
26 1440 116.2 1.4341
27 1496 116.5 1.4342
28 1555 116.7 1.4843
29 1613 116.9 1.4343
30 1679 117.1 1.4337
31

Besidtte
1738
1973

117.1 1.4322
1.4304

a . Ifccs b o i l in g  p o in t  o f  the  f r a c t io n s  was determ ined 
by a  C o t t r e l l  b o i l in g  p o in t  ap p a ra tu s  b u i l t  i n to  th e  
s t i l l  and fu n c tio n in g  under the  same p re s su re  a t  
efcick th e  d i s t i l l a t e  was c o l le c te d .
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w  m n t m j m t m  o f  fo b m m m m l  s f ii&

Charge s  75 c e . eqo im elar m ix tu re  o f CgHg and CHgClGHgCl

F ra c tio n c e . therm ocouple n 250 Mol f>
XTo. m s t i l l e d Beading (M?) C6%

1 5 9.51 1.4839 76 .5
2 10 9 .53 1.4835 76.0
3 15 9 .61 1.4829 75.0
4 30 9 .51 1.4811 72.0
5 35 9.53 1.479$ 70.0
6 30 9.58 1.478$ 67.0
7 35 9 .59 1.4764 63.5
s 40 9 .61 1,4748 $1.0
9 46 9.63 1.4729 57.0

10 50 9 .63 1.4681 49.0
11 56 9 .6 4 1.4670 47 .0
12 60 9.73 1.4593 33.0
13 65 9.78 1.4501 15.5
14 70 9 .40 1.4440 4 .0
15 7 3 ,5 9 .75 1.4422 1.0
16 Eesldne On 1 .5 c c .------ 1.4414 0 .0

fh ie  d a ta  shows th a t  a  s in g le  d i s t i l l a t i o n  through th e  

s t i l l ,  a t  a  r a t e  o f 0*1 c c . p e r  m inute g l r e s  a  d ie tlX X ate  

c o n ta in in g  more than  70 raol p e r  c e n t  bensene* f o r  abou t 30 mol 

p e r  c e n t  o f the  charge* Ihe d if fe re n c e  in  th e  h o i Xing p o in ts  o f  

th e  two substances i s  about 3 .5 ° .  f h i s  d i s t i l l a t i o n  a ls o  shows 

th a t  f o r  d i s t i l l a t i o n  r a te s  o f  O.X c c . p e r  minute* the  therm ocouple 

re a d in g  i s  n o t a  r e l i a b l e  in d ic a t io n  o f the  b o i l in g  tem perature o f  

th e  d i s t i l l a t e .

A 135 c e . round bottom  f l a s k  fa s te n e d  to th e  column w ith  a  

e o ik  stopper* cemented w ith  Le Page* s glue* served  a s  a  s t i l l  p o t 

in  the  above t e s t  d i s t i l l a t i o n .  In  the  subsequent d i s t i l l a t i o n s *  the  

s t i l l  p o t c o n s is te d  o f a  Pyrex tube having a  le n g th  approxim ately  

fo u r  tim es the d iam ete r, f h i s  type o f  f la s k  p re se n te d  a  sm a lle r 

su rfa ce  f o r  e v ap o ra tio n , and tended to  promote more re g u la r  d i s t i l l a t i o n .



-  18 -

f l il*  d l  s t i l l i n g  tube warn s e a le d  to  th e  ooluam hgr w i& i o f  & e id e  

tube  At th e  top  o f  th e  d i s t i l l i n g  tu b e . A f i l l i n g  M m  wme 

p ro v id ed  a t  th e  top o f  th e  d ie  t i l l i n g  tu b e , She f i l l i n g  tube mm  

(sealed# o f  t e r  in tro d u c tio n  o f  th e  m a p le *
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B e d is t i l l a t l e n  o f  the  f r a c t io n s  o f  d i s t i l l a t i o n  A

re q u ire d  mors th an  two kandred h o a rs  of a c tu a l  d i s t i l l a t i o n *  

F re q u en tly , mors than  f o r ty  h o a rs  wars r a t a l  rod f o r  th s  d i s t i l l a 

t io n  o f a  s in g le  ch arg e . Dr. Nathan 1 . Drake, Mr. J o s .  1 . Spies 

and Mr. S t s r l  A. Shrader were k in d  enough to  a s s i s t  w ith  s e v e ra l  

d i s t i l l a t i o n s ,  to  ohvi&te the  n e c e s s i ty  o f  in te r r a p  t in g  the  d i s t i l l a 

t io n  o f  an in d iv id u a l  charge . T h eir a s s is ta n c e  i s  g r a te f u l ly  

acknowledged.

The d a ta  on the r e d i s t i l l a t i o n  o f the  f r a c t io n s  o f  

d i s t i l l a t i o n  A i s  h o s t g iven in  ta h a la r  form .

DISTILLATION 1

D i s t i l l a t i o n  o f  F ra c tio n s  A -l, 2 , 3 , 4  and 5

P re ssu re  s  200 asa l a t e  s  0.1  c e . p e r  m inute

F ra c tio n
Ho. U s t i l l e d

C o t t r e l l  B o llin g  P o in t  w 2So
P ressu re  = 672 mm. a

1
2
3
4 
3
e
7
8 
9

10
11
12

5 0 .2
4 0 .3  
61 .1  
8 1 .5

101.3
122.7
143.8
165.8
185.8 
206.2  
236 .6  
357.0

131.1°
148.8 
149.4 
151.0
151.9
152.3
158.2
153.4  
153.6
153.9
154.4
155.3

1.4136
1.4246
1.4274
1.4288
1.4296
1.4304
1.4309
1.4314
1.4314
1.4314 
1.4319 
1.4325 
1.4353B esides c a .263.0
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M s t i l l a t i o n  o f F ra c tio n s  JU19, 30> 21 aad 32 

P re ssu re  * 200 am* Bat# * 0*1 c c . o e r  i l s a t f

F ra c tio n  cc* Cot t r a i l  B o ilin g  P o in t
Wo* . I& s t i l l e d  p re s su re  » 757 m?a.

1 20 .3  156*9
2 40.2  157*1
5 60*3 157*4
4 8 0 .9  157.4
5 101*2 157.4
6 121.5 157.6
7 141*5 157*6
8 161.9 158.1
9 184.0 158.4

10 204.1 158.8
11 216*9 158.5

Hastdo# ca.222

TV26®

1*4324
1.4325
1.4327
1.4328
1.4328
1.4338
1.4328
1.4328
1.4329
1.4339 
1*4314 
1*4368

D is t i l l a t i o n  of F ra c tio n s  A-28, 29 and 30 

P re sso r#  = 200 am. Bat# « 0 .1  cc* p e r  m inute

F ra c tio n CO* C o t t r e l l  B o ilin g  P o in t
n 26°Wo. m s  t i l l e d P re ssu re  » 765 mm.

1 23 .6 160.6 1*4344
2 44.1 160.6 1.4344
3 64.2 160.6 1.4344
4 85 .0 160.6 1.4344
5 105.3 160.8 1.4345
6 126.3 160*8 1.4345
7 145.3 161.0 1.4345
8 165.8 162.0 1.4335
9 173.6 1.4322

■Residue 179 1.4297
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DISTILLATION 6 

D i s t i l l a t i o n  of frac tio n ©  iUBesidue

P re ssu re  * 19? saa. Hat# = 0 .1  c c . p e r  minute

paction
ire .

c c .
D i s t i l l e d

C o t t r e l l  B o ilin g  P o in t 
P resso r#  ■ 771 mm. n  25C

1 2 0 .4 163.3 1.4282
2 4 0 .4 163.5 1.4274
3 6 0 .6 163.8 1.4266
4 80. ? 164.6 1.4256
5 111.0 166.3 1.4251
6 131.1 166.2 1.4248
7 151.7 167.8 1.4268
a 171.7 168.0 1.4304
9 191.7 170.6 1.4362

10 202.2 172.4 1.4384
11 218.9 1 7 7 .2 1.4357

isidoe 0&.229 *m i— mm 1.4456

At l e a s t  two isom ers a re  in d ic a te d  by th e se  d i s t i l l a t i o n s ,  

b a t  th e  d a ta  on th#  in te rm e d ia te  f r a c t io n a t io n s ,  d i s t i l l a t i o n s  D and 

1 , i s  n o t  c o n c lu s iv e . I t  was determ ined to  I n v e s t ig a te  the  p o s s i b i l i t y  

o f  th e  e x is te n c e  o f a d d it io n a l  isom ers in  th e  in te rm e d ia te  f r a c t io n s  

by o so n o ly sls  o f re p re s e n ta t iv e  f r a c t io n s .

Th* o so n lse r  used  was the  same as th a t  used  by Gotike^ 

and W heeler^. D aring the course  o f  the  o so n o ly s ls  experim en ts, i t  

became n ecessa ry  to  c le an  the B e r th o lle t  ta b e s . When th ese  tab e s  

were rep la ce d  in  the  c o n ta in in g  j a r ,  they  were h e ld  in  p lac e  by a  

g la s s  rod , to  which they  were fa s te n e d  w ith  a  co rd , in s te a d  o f  b e in g  

h e ld  in  p la c e  by a  wooden h o ld e r . The B e r th o l le t  tubes were then  

se a le d  to  each o th e r , in s te a d  o f b e in g  connected by m ercury-sealed  

cups. This r e s u l te d  in  a  10-16 p e r  c e n t in c re a se  in  th e  y ie ld  o f
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osone. The o so n ise r  genera ted  ©ton® a t  a  rat©  o f  .0432 -  0.497 

mol© p®r hour, whoa oxygen was ©applied a t  a  r a te  o f  16.3  l i t e r s  

p e r  h o a r  ( 6. 0- 6.8  p e r  c e n t o so n e).

The deeene was o so n ised  in  so lu tio n s  o f e th y l  a c e ta te  

o f pe tro leum  e th e r ,  (h o i l in g  range 3 0 -40°), the  c o n c e n tra tio n  be in g  

1 mol o f  deeene p e r  l i t e r  o f  s o lu t io n .  Sbr the  o so n o ly s is  o f a  

sm all sample o f  th e  deeene ( 10-20 e c . ) ,  the  s o lu t io n  was p la c e d  In  

a  p y rex  tahe  2 cm. i n  d iam eter and 35-40 cm. in  le n g th , The agon ised  

oxygen was ad m itted  through an i n l e t  tahe se a le d  in  a t  the  bottom  

o f t h i s  ta h e . L arg e r sam ples (50-100 e o .)  o f  deeene were oson ised  

i n  a  s p e c ia l ly  eons t ru e  ted  f l a s k  o f  500 c c . c a p a c ity , h a r in g  a  b ab b le r 

tube se a le d  to  the  top o f  the  f l a s k .  In  each e a se , the  c o n ta in e r  

was connected  to  th e  o s o a is e r  by means o f a  m ercu ry -sea led  cup, and 

was immersed in  a  m ix ture  o f  ch loroform  and carbon te t r a c h lo r id e ,  

m ain ta ined  a t  -15  to  -2 5 °  by means o f  s o l id  carbon d io x id e .

Osone was determ ined by bubb ling  th e  oson ised  oxygen 

through a  0  s o lu t io n  o f  po tassium  io d id e , a c id ify in g  w ith  hydro

c h lo r ic  a c id , and t i t r a t i n g  th e  io d in e  l ib e r a te d  w ith  stan d ard  sodium 

th lo s u l f a te  s o lu t io n , th e  o son ised  oxygen was bubbled through the  

deeene s o lu tio n  f o r  th e  tim e th e o r e t i c a l ly  re q u ire d , based on the  

osone d e te rm in a tio n  ju a t  d e sc r ib e d .

Ihe osonlde was decomposed by two m ethods. The c a t a ly t i c  

method r e c e n tly  d e sc r ib e d  by f .  G. F i s h e r ^  was th e  f i r s t  to  be t r i e d .  

The osonlde was r e a d i ly  reduced by t h i s  method, tfhen e th y l  a c e ta te  

was u sed  a s  so lv e n t. However, wary l i t t l e  re d u c tio n  was e f f e c te d  by
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t i l l s  method* when petro leum  e th e r  was used* because the  w ater formed 

l a  th e  re d a c tio n  was in so lu b le  in  th e  petro leum  e ther*  and caused  

th e  c a ta ly s t  to  for®  sm all m o is t b a l l s  th a t  rem ained i n  th e  bottom  

of th e  f la sk *  and possessed  no c a t a ly t i c  a c t i v i t y .  Ihe sine* w a te r -  

c a t a ly s t  method d e sc rib e d  by Whitmore and $  Birch® was found to  g ive 

s l i g h t l y  b e t t e r  y ie ld s  o f  ketone* l e s s  h ig h  b o i l in g  re s id u e , and 

cou ld  be used  e q u a lly  w e ll w ith  petro leum  e th e r  o r  e th y l  a c e ta te  a s  

s o lv e n t.  In  one experim ent* p a r t  o f  the  esc a id e  decomposed v io le n tly *  

blow ing the  s to p p e r ou t o f  th e  f la sk *  d u rin g  the  rem oval o f  the  s o lv e n t. 

Subsequently* th e  osonlde was reduced w ithou t the  removal o f th e  s o lv e n t, 

f h l s  method gave e q u a lly  good r e s u l t s  and a p p a re n tly  ob v ia ted  the  

danger o f an e x p lo s io n .

More th an  950 c c . o f  m a te r ia l  was o so n ised . Only th re e  

p ro d u c ts  o f  o so n !c a tio n  were found, i . e . ,  an aldehyde* y ie ld in g  a  

p -n i  t  rophenylhydrasone th a t  m elted  a t  125.5-126.0® , and two ketones* 

g iv in g  sem icarbasones m eltin g  a t  148.5° and 1 6 8 .6 -1 6 8 .8 ° . la c h  

osoni r a t io n  a ls o  y ie ld e d  e  b o i l in g  f r a c t io n .  Very c a re fu l  

f r a c t io n a t io n  f a i l e d  to  in d ic a te  any homogeneous p ro d u c t in  t h i s  

f r a c t io n ,  th e  r e s u l t s  o f th e  o s e n is a tio n s  may be summarised in  

ta b u la r  form .
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In fe re n c e
.....Jfe*

!£»faz\&-S!*9ntoa& 
Ib se tU ra  HQ. I e l .  c e .

Method Used 
f o r  Bedmetlen 
of.O so n ld e

Amount o f  
Ketone 

O btained
....Im . )rT

1 4-6,7 110 c a t a l y t i c 32 ,8
2 A-12,16 3m c a t a l y t i c 3 1 .6
S a-u* 10 c a t a l y t i c 3.0
4 3 .6 ,7 ,8 ,9 ,1 0 ,1 1 *

0 - 1 ,2 ,3*. P -.s ifa* , D -1 ,7 ,8  
C-3*, 4 ,5 ,6 ,7 ,8 *

106 gin© -water°Ka
sinc-w & ter6 ; 3 6 .85 108

$ m c a t a l y t i c 31 .8
7 D -2 ,3 ,4 ,5 ,6 94 c a t a ly t i c 20.0
8 B -2 ,3 ,4 ,6 * 8© c a t a l y t i c 19 .0
f 3?-l, 3 , 3, 4 , S» 8* 

F -6»
109 c a t a l y t i c 4 8 .0

10 10 c a t a ly t i c 3 .8
11 TJnf ra c  t l  oneted  deeene 100 s in c -w a te r 4 1 .0
12 U nfr& otionated  deeene 100 s in e -w a te r 4 2 .0

a .  Only p a r t  o f  t h i s  f r a c t io n  was u se d .
b . O sonised l a  pe tro leum  •  th e ? . A ttem pted c a t a ly t i c  

re d a c tio n  mm  n o t s u c c e s s fu l .
e .  F a r t  o f  tb s  ©son! do s a s  l o s t  by v io le n t  decom position, 

o f  t o r  rem oval o f  th e  s o lv e n t,  
d .  Ketone f r a c t io n s  o f  th e  too  experim ents were u n ite d  

b e fo re  d i s t i l l a t i o n *

The Icstons f r a c t io n  o b ta in ed  from o so n le a tio n s  n o s. 1-7 

g a rs  o n ly  ons sem icarbas o ne, m o ltin g  a t  1 4 8 .5 ° . The main f r a c t io n  

b o i le d  a t  14? .2 ° ,  in  tb s  C o t t r s l l  b o i l in g  p o in t  a p p a ra tu s , u n d e r a  

ba ro m etric  p re s su re  o f  766 am. tb s  r e f r a c t iv e  in d ex  a t  M & was found 

to  bs 1 .4136, and tb s  d e n s ity  a t  300 s a s  0 .8 3 6 3 . O son ise tiona  f  and 

10 govs a  b a to n s  b o i l in g  a t  l i d 0 . Tbs sendcerbasone o f  m s  Hasten* 

m elted  a t  1 6 8 .6 -1 6 8 .8 ° . Tbs kstono  bad a  r e f r a c t iv e  in d ex  o f  1 .4183 . 

These sans too  b s  to n es  v e rs  o b ta in ed  ty  M iss ls r^  and K line37 from  

tb s  d im er r e s u l t in g  from  tb s  a c t io n  o f  s u l f u r ic  a c id  on m etbyl- 

iso p ro p y le& rb ia o l. Tbs i d s n t i  ty  o f  th e se  b s  to n es w ith  m s s  

o b ta in ed  by K lin e  was e s ta b l is h e d  by mixed m e ltin g  p o in t  d e te rm in a tio n s  

on tb s  sendcarbasoneg. Tbs h ig h e r  b o i l in g  b a to n s  from  th ese  ©sono l y s i s  

experim en ts was g iven  to  Mr* Gordon M. K line, in  connec tion  w ith  M s  

werfc37 on the  s t r u c tu r e  o f  t h i s  su b s ta n c e .
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TEE m O W GfS  Of OZQHOLYSIS

The aldehyde g iv in g  a  p -n l trophenylhydrasohe m o ltin g  

a t  125*5-126.0° was shown to  be ace ta ldehyde  by  a  mixed s a l t i n g  p o in t  

d e te rm in a tio n  w ith  the  p -n itropheny lhyd rasone  o f ace ta ldehyde  o b ta in ed  

from  th e  Eastman Kodak Company.

The h ig h e r  b o i l in g  ke to n e  was shown to  be 

CgHgCKC^gCJ^COCHg by K l in .2 7 .

Tb* l o w  t e l l i n g  In to M  n t«  o b ta in ed  t y  ffhceler4 and 

was c h a ra c te r is e d  by the fo rm ation  o f  a  sem icarbasone. A nalysis 

o f  t h i s  sem icarbasone showed th e  k e to n e  to  h are  th e  fo ra o la  CgH^gO.

F a r t  o f  the  ketone  u se d  in  th e  d e te rm in a tio n  o f  s t r u c tu r e  

to  be d e sc rib e d  below was o b ta in ed  by Mr. Gordon M. n i n e ,  o f  t h i s  

la b o ra to ry , in  h i s  in v e s t ig a t io n  o f  th e  deeenes o b ta in ed  from 

me thy  11 sop ropy lcarb ino l*

The ke tone  had a  d e n s i ty  o f  0 .8262 a t  20° and a  r e f r a c t iv e  

in d ex  o f  1*4156 a t  2 5 ° . The k e to n e  was c h a ra c te r is e d  by the  

fo rm atio n  o f  a  2 ,4 -d in i  trophenylhydrasone th a t  m e lts  a t  109 .5°, 

p rep a red  a cco rd in g  to  the  d i r e c t io n s  o f  A llen30 . th e  p - n i t r o -  

phenylhydrasone, p rep a red  from p -n i  tr© phonylhydrasi no in  the same 

way, m elted  a t  7 5 ,0 ° .

The a c t io n  o f  a lk a l in e  h y p o lo d lte  on th e  ke tone  In d ic a te d  

i t  to  be a  m ethyl k e to n e , a lth o u g h  th e  fo rm ation  o f  iodoform  was v e ry  

slow in d eed . The ketone  was a c c o rd in g ly  o x id ise d  w ith  a lk a lin e  

hypobrom lte, in  accordance w ith  the  d i r e o t l  ons f o r  th e  o x id a tio n  

o f  p ln aeo lo n e  to  tr lm e th y l a c e t ic  a c id 30. H iae ty -n in e  grams o f
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sc  id  from th is  run  m s  5 .5  g . th a t  hoi le d  a t  76° a t  5 mm. M i  

I s  19^ o f  tho  ammint th e o r e t ic a l ly  o b ta in a b le .

Sib a c id  iso lts  a t  2 4 .5 ° , and h as  a  r e f r a c t iv e  in d ex  

o f  1.4152 a t  2 5 ° . I t  y ie ld s  an amide th a t  m elts  a t  106 .0°, an 

a n i l id s  th a t  m e lts  a t  104.5° and a  p«pheaylphenacyl e s t e r  th a t  

m e lts  a t  6 8 .5 ° . th e  p -a itro h e n s jr l  e s t e r  was an o i l .  A nalysis o f  

th e  a c id , and the  th re e  s o l id  d e r iv a t iv e s  shoved i t  to  have the 

compost t i  on 0 gH ^O O O l.

lo  a c id  possessing: th e se  p ro p e r t ie s  h as  been d e sc rib e d  

in  the l i t e r a t u r e .  An a ttem p t m s  made to  o x id ise  t h i s  a c id  to  

th e  n e x t lo v e r  a c id  in  the  s e r i e s ,  th ro a ^ i  e s t e r t f i c a t i o n  o f the  

a c id , th e  a c t io n  o f  phsmylmagnasinmbromide on the  e s t e r ,  and 

o x id a tio n  o f the r e s u l t in g  t e r t i a r y  c a rb in o l.

l in e  grams o f  t h i s  a c id  was re  flu x ed  f o r  th re e  hours w ith

30 o e . m ethyl io d id e  and 20 g . o f s i l v e r  o x id e . She re a c t io n

m ixture  was f i l t e r e d ,  and excess aaethyl io d id e  recovered  from the 

f i l t r a t e .  Hie s i l v e r  o x id e - s i lv e r  io d id e  m ixture on th e  f i l t e r  

was then  washed w ith  m ethyl a lc o h o l, end the w ashings added to  the 

f i l t r a t e ,  from which the  excess m ethyl io d id e  had been removed. 

D i s t i l l a t i o n  o f  t h i s  s o lu t io n  gave 6 g , o f  the  e s t e r  b o i l in g  a t  

46® a t  18 mm. p re s s u re .

9M s e s t e r  was added, drop by drop to  th e  O riguard re a g e n t

p rep a red  from  2 .4  g . magnesium i n  50 e c . e th e r ,  and 15 .0  g . o f

broabensene. A fte r  a l l  the  e s t e r  was added, th e  r e a c t io n  m ix ture



34 -

was heated  under r e f lu x  f o r  h a l f  an  hour, and l e t  s tan d  over n ig h t .

The n ex t m orning i t  was re f lu x e d  an a d d it io n a l  two hour®, moot o f  

th e  e th e r  was d i s t i l l e d  o f f ,  and th e  res id u e  was heated  one hour more. 

The re s id u e  wag poured in to  100 g . o f le a  to  which 6 c c . c o n ce n tra te d  

s u l f u r i c  a c id  t o !  been added, This m ixture was e th e r  e x tra c te d , 

d r ie d  and the e th e r  removed. There rem ained 9 g . o f re s id u e , which 

p ro b ab ly  co n ta in ed  some e th e r ,

T tx ln  re s id u e  was o x id ised  w ith  chrom ic anhydride and a c e t ic  

a c id ,  according: to  fee  method fo llow ed  by Yftelaad, S c h lld h tin g  and 

Jacobi*5® f o r  fee o x id a tio n  o f the t e r t i a r y  c a rb in o l  ob ta ined  from n o r-  

cho Ion ic  a c id . The 9 g. o f e a rh in o l were d is so lv e d  In  10 e e . o f g la c ia l  

a c e t i c  a c id . The s o lu tio n  was warmed on a  steam  b a th , and to  th e  warm 

s o lu t io n  th e re  was added d u rin g  the course  o f two h o w s , 16 g . o f  

chromic anhydride d is so lv e d  in  15 e e . w ater and 30 c e . a c e t ic  a c id .

The re a c t io n  m ix tu re  was then  h e a te d  on fee  steam  b a th  s ix  h o u rs  lo n g er, 

co o led , and s u l f u r  d io x id e  bubbled fe ro u ^ t fee  coo led  e o la tio n , to  

reduce any excess o f the o x id is in g  a g e n t.

The re a c t io n  m ix ture  was d i s t i l l e d  w ith  steam  u n t i l  abou t 

800 c c . o f d i s t i l l a t e  m s  o b ta in e d . The d i s t i l l a t e  was made a lk a l in e ,  

and e x tra c te d  w ife  e f e e r .  The aotuSou s  la y e r  was b o ile d  to  remove 

e th e r ,  made a c id  to  Congo by a d d it io n  o f  s u l f u r ic  a c id , and e x tra c te d  

w ith  petro leum  e th e r .  Bsasopheneae was o b ta in ed  from fee  e x tr a c t io n  

o f  fee  a lk a l in e  s o lu t io n .  A cetic  a c id  was th e  o n ly  a c id ic  o rg an ic  

c o n s t i tu e n t  o f  fe e  re a c t io n  m ixture*
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The n e x t a ttem p t a t  d e g ra d a tio n  o f  the  ke tone  was a  

d i r e c t  o x id a tio n  o f  the  ketone  w ith  an aqueous s o lu t io n  o f  chromic 

anhydride  and s u l f u r ic  a d d .  16 .5  g . o f  ketone was suspended in  

25 cc* o f e a te r  in  a  500 c c . f l a s k  p rov ided  w ith  a  m echanical s t i r r e r ,  

r e f lu x  eondeaser and a  d ropping  fu n n e l. The s t i r r e r  was s t a r te d ,  and 

a  s o lu t io n  o f  2 6 .6  g . o f chromic anhydride i n  75 g . o f  30 p e r c e n t 

s u l f u r i c  a c id  was slow ly  added th rough  th e  d ropp ing  fu n n e l. The 

s t i r r e d  m ix ture  was then  h e a ted  under r e f lu x  f o r  8 h o u rs . The 

m a te r ia l  was th en  d i s t i l l e d  w ith  steam . The steam  d i s t i l l a t e  was 

e x tra c te d  w ith  e th e r  and the  e th e r  la y e r  was e x tr a c te d  w ith  sodium 

b ic a rb o n a te  s o lu t io n .  The h i  ca rbonate  e x tr a c t  was a c id i f ie d  and 

e x tra c te d  w ith  e th e r  and d r ie d  w ith  sodium s u l f a te .  Removal o f the  

e th e r  l e f t  b u t a  m inute re s id u e  th a t  was too  sm all to  be d i s t i l l e d .  

This a c id ic  re s id u e  was converted  in to  the  asd.de, and r e c r y s t a l l i s e d  

once from petro leum  e th e r .  I t  m elted  a t  97-99°. A mixed m e ltin g  

p o in t  d e te rm in a tio n  o f  t h i s  m a te r ia l  and th e  amide (m e ltin g  a t  106°) 

o f  the  a d d  CgH^gCOOK, o b ta in ed  by th e  hypobrom lte o x id a tio n  o f  the 

k e to n e , showed the  m ix ture  to  m e lt a t  1OCX*101° .  4 m ix ture  o f  t h i s

amide (m e ltin g  a t  97-99°) w ith  the  amide (m e ltin g  a t  103-104°) o f 

d im ethy l e th y l  a c e t i c  a c id  m elted  a t  70-76°. 5 .6  g . o f th e  o r ig in a l

ke to n e  was recovered  from  th e  n e u tr a l  e th e r  e x t r a c t  o f the  re a c t io n  

m ix tu re .
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n w  mimmmymf or ym Kmoxtm

Msre f r u i t f u l  r e  s a l t s  were o b ta in ed  by c a r ry in g  o a t  m 

Bectaann rearrangem ent o f  the  h x to x lr a .  fha b e s t  y ie ld  o f  exim* 

m o  o b ta in ed  in  th e  fo llo w in g  m y . 26 g . o f  k e to n e  m s  d isso lv e d  

in  166 oo« o f  e th y l  a lc o h o l, To th e  s o lu t io n  m s  added 2 6 ,4  g . o f  

hydroxy lamin® h y d ro ch lo rid e  61 s p i r e d  In  60 ©o. o f  w a te r and 4 7 .6  g . 

o f  po tassium  hydroxide in  4 7 .6  g . o f  w a te r , fh® s o lu t io n  was re f lu x e d  

on the  steam  h a th  f o r  te e  h s t r s ,  100 e e . o f  w a te r was added to  

d is s o lv e  the  po tassium  c h lo r id e  th a t  p r e c ip i ta te d  from the  co ld  

s o lu t io n , and th e  r e s u l t in g  s o lu t io n  was e th e r  e x tra c te d  and d r ie d  

o v er sodium s u l f a te .  Berneval o f  th e  e th e r  and d i s t i l l a t i o n  o f  th e  

re s id u e  y ie ld e d  2 4 .5  g . o f  e x i r a ,  h e l l in g  a t  115° a t  37 m .  ffcts 

oxime h e lle d  a t  79.& .7t.6®  a t  6 mm. p re s s u re .  I t  1m s a  d e n s i ty  o f

0 .9643  a t  20°, and a  r e f r a c t iv e  in d ex  o f  1.4540 a t  26®. fhe  e x ira  

i s  a  v isco u s  e l l .  I t  s o l i d i f i e s  to  a  g la s s  a t  th e  te mper a tu re  

o f  s o l id  earhen  d io x id e , h u t would n e t  he o b ta in ed  i n  c r y s ta l l in e  

f o r a .

Hearrangsm ent o f  the  oxime was e f f e c te d  by means o f  

heasenesolfoayX ehl© ride33, i n  d ry  p y r id in e  and hy  tre a tm e n t o f  an  

a b so lu te  e th e r  s o lu t io n  o f  th e  oxime w ith  phosphorous pen  taeh l© rid e 2̂ . 

Wa» l a t t e r  method was fav o red , because the y ie ld s  o f  amide from the

rearrangem en t o f  the  oxime were b e t t e r .
/* ?. '

fh u r  grams o f  e x tra  was d isso lv e d  in  20 e e .  p y r id in e , 

and th e  s o lu t io n  coo led  to  0 ° .  6 .65  g . o f  h e a se ra s u lfe n y le h le r ld e

was added to  the  coo led  s o lu t io n , drop by d rop . When the  s o lu t io n
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rem oval o f  the e th e r ,  gave 9 g. o f  amide t o l l i n g  a t  130-131°

a t  20 ssa.

I t  was b e liev ed  th a t  th e  oxime had rea rran g ed  acco rd in g  

to  th e  scheme C ^ i m ^ C i M U  C # ^ € O C % .  A ccordingly, 

a  l i t e r a t u r e  sea rch  was made f o r  th e  a e e ty l  d e r i  r a t  i r e s  o f  the  

p rim ary  h e s y l  am ines. Only th re e  h a re  been re p o r te d , and th ese  a l l  

m e lt above 110° .

fhe  f i r s t  a ttem p ts  to  hyd ro ly se  th e  amide s e re  u n su c c e s s fu l. 

B efluslm g the amide w ith  a le e h o l le  a lk a l i  f o r  3 hou rs caused no 

h y d ro ly s is .  £he same r e s u l t  was found on r e f  lu r in g  f o r  2 to u r s  

w ith  00$ s t t l f h r ie  a c id .  H e flu x in g  w ith  1:1  s u l f u r ic  a c id  f o r  20 hours 

e f f e c te d  a  p a r t i a l  h y d ro ly s is , t o t  th e re  was a ls o  much c a rb o n iz a tio n . 

A ttem pts to  h y d ro ly se  the  amide by  Gattsrmaan* s m o d ifica tio n 35 o f  

Bouveaeult* s  method35 o f  h y d ro ly s in g  d i f f i c u l t y  h y d ro ly sab le  am ides, 

end by le a v e a n it^ s  o r ig in a l  method ( I . e . )  were a ls o  u n su c c e ss fu l.

H eating  th e  amide in  a  se a le d  tube w ith  l s l  s u lfu r io  a c id  

e f f e c te d  h y d ro ly s is , t o t  th e re  was a ls o  such  c a rb o n is a tio n , fh re e  

grams o f  th e  amide were h e a te d  w ith  a  s o lu tio n  o f  4  c c . s u lfu r io  

a c id  in  4  oo. o f w a te r a t  200°, f o r  3 h o u rs . 1.2  g . o f  amine was 

o b ta in ed  from t h i s  h y d ro ly s is .

H eating  3 g . o f  the  amide w ith  4  e e .  83$ phosphoric  

a c id  and 4  e e . o f  w a te r  i n  a  s e a le d  tube a t  200° f o r  4  hours a ls o  

y ie ld e d  1.2  g . o f  am ine. ®aere was no c a rb o n isa tio n  in  th i s  

experim en t. In  a  subsequent experim en t, 9 g . o f  th e  amide was 

hyd ro ly sed  in  two e q u a l p o r t io n s  i n  se a le d  tu b e s , each  o f  U tleh
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Who a n a ly t ic a l  d a ta  o f  coupoimde n o t p re v io a e ly  re p o r te d  

i n  the  11 t e r a ta r e  oaa b e a t bo p ro  eon te d  in  ta b u la r  f o r a .

Substance
Wt. o f  Samplem&rn Wt. o f  00s

......... ms. -
Wt. Of %0 
........ rnst*.. .. 0 i  H

Semiearbazon© o f 4.041 8.672 3.687 m.m 10.20
2 ,2 ,3-trim © th y l- 2.392 5.093 2.228 58.07 10.42
pen tanone-4a

th e o r e t i c a l  com position  o f 58.33 10 .34

p -H itro n h en y l- 3.051 7.178 2.122 54.16 7.78
hy&razone o f 2 ,8 ,3 - 3 .155 7.439 2.248 64.30 7 .9 7
t r i 2aethylpentaaoiie-4

T h e o re tic a l com position  o f C14H21% °2 63.83 8 .0 4

2 ,4-15iai iro p h e n y l-  3 .180 6.3B1 1 .858 54 .73  6.52
hydra*®*** o f  8 ,2 ,3 -  3 .763 7.512 2.158 54 .45  $ .41
trim #  th y lp en taao n e-4

T h e o re tic a l com position  o f  54*51 $ .5 4

Oxime o f  3 .152 7.740 3.287 66.97 12.82
2 ,8 ,3 - t r i i » t h y l -  4 .339 10.430 4 .482  67.10 11.83
pentanone—4

T h e o re tic a l c o ap o a itlo n  o f  CgBj^BO 67.07  11.97

U s

J S e tk y l- te r t .-  3 .275  7 .762 3 .154  64 .64  10.73
b a ty la e e t te  a c id  3 .381 7 .945 3 .208  64.09 10.62

'T h eo re tica l com position o f  64 .54  10.84

Amide o f  m ethyl- 3 .174  7 .533 3 .199 64 .73  11.28
te r t . - h o ty l& e e t te  a c id  3.293 7 .833 3.482 64 .84  11.80

T h e o re tic a l conroosition o f  65.05 11.71
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Wt. o f  Sample 
Substance mg.

Wt. o f 00g f t .  o f  %0

.........**•_.. . $  o

Anilld© o f  m ethy l- 3 .590 10.080 2.960 76 .87 9 .32
t o r t . -b u ty la c e  t i c  2 .533  
a c id

7,123 2.112 76 .68 9 .32

T h e o re tic a l com position o f °13H1 # ° 76 .04 9 .33

p~Fh©nylphen®cyl e s t e r  3 .986 11.351 2.598 77 .67 7 .29
o f  m e th y l- to r t .*  2 .650 
b u ty la ce  t i c  so ld

7 .504 1.787 77.41 7 .58

th e o r e t ic a l  co ap o g itlo n  o f °21% 4°3 77.73 7 .46

M n*em m l£em *m L $0  3 .391  7 .396 2 ,395 59 .76  7 .90
o f  3-amln©«2#3 -  3 .665  7 .967  2 .565  59 .39  7 .6 5
dimo

O h eo re tica l o e n ^ e s itio ii  Of C^H ^^O gS 59.70 7 .94

Flora®Id® o f  3 .376  S .734 1 .494  46 .19  4 .9 4
3 -am !a0 -2 ,2 - 4 .330 7.352 1.979 46 .30  5 .13
dime thylbatan©

$ & * ere tiea l cofflpooition o f  C ^ H ^ ^ O g  46 .13  5 .16

A cotyl deriY& tlvo 3 .263 8 .088 3 .450 67.57  11.83
Of 3-ami n o -2 ,2 -  2 .173 5 .335 2 .248 66 .96  11.57
dime th y lb a ta a e

‘T h e o re tic a l eon^joci t io n  o f  CgB^iO 67.07  11.97

Amide formed by  2 .794  6.868 3 .908 67 .23  11.63
rearrangem en t o f  2 .789 6.835 3 .880 66 .74  11.95
oxlsao

T h e o re tic a l c o s ^ o a ltio a  o f  67 .07  11.97
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Wt. o f  Saa^le Wt. o f  OOjg Wt. o f  HgO Wt. o f  As.
3tt^ .tw >o.  m s   BSi as*— .  as* i s .  - i .a .  i t e .

C hlorw irm t. o f  4 .060  2 .392 1 .395 1.821 16.08 3 .8 5  44.88^
3-« n in o -2 , 3-  10.605 6.348 3 .493  4 .6 9 7  16.48 3 .7 2  44 .71°
dime thyltw .t*noc

Ifc e e re tie a l  eO B pesiiien  o f  e ^ ^ E ln O X  16.31 3 .69  44.67

a .  A na ly sis  o f  t h i s  sobxtaaee was re p o rte d  by W heeler^.
b .  !Uso a u th o r  w ishes to  e g r e s s  h i s  g ra t i tu d e  to Mr. S .  B. S p ies,

o f the  Bureau o f  C hem istry and S o ils ,  II. S. Department o f  
A g r ic u ltu re , f o r  t h i s  a n a ly s is .

©. 1?he gold  eon te n t  o f t h i s  s a l t  was re p o r te d  by Mar&ownikoff 38.



-  3?  -

DISCUSSION

S evera l th e o r ie s  have been advanced to  e a p la la  the  

p o ly m e risa tio n  o f  o le f in s .  B e r th e lo t  1$ said, to  have to o n  th e  

f i r s t  to  a ttem p t an e x p la n a tio n  o f  p o ly m e risa tio n s  o f  t h i s  ty p o , 

th e  th e o ry  o f  B e r th e lo t  was u se d  by B u tle ro v11 and by  Koadilsov41 

to  e x p la in  th e  r e s u l t s  o b ta in ed  by thorn in  t h e i r  s tu d ie s  on 

hydrocarbons, T his th eo ry  p o s tu la te s  th e  in te rm e d ia te  fo rm atio n  o f  

m  a lk y l  m l  fo r t e  e s t e r .  T his e s t e r  then  condenses w ith  a  second 

isoleeuXe o f th e  o r ig in a l  o l e f in ,  to  form  the  r e s u l t i n g  dim er, w ith  

th e  l e s s  o f  s u l f u r ic  a d d .  Tims,

(c % )g S je %  +- % $o4— > (o % )^ < o s o 3D o %

(C % )g0(O SO ^)C%  +> (C% )gOtC%  (G % )2C sC ^(C % )3

This mechanism newer gained g e n e ra l accep tan ce , b u t  more s a t i s f a c to r y  

mechanisms were n o t fo rthcom ing . In  th e  f i r s t  p la c e , t h i s  th e o ry  

p o s tu la te s  th e  fo rm ation  o f  h u t  one d iis o h u ty le n e , whereas th e re  i s  

abundant p ro o f7 *®*8,S0 , 11,X2 t h i s  r e a c t io n  r e s u l t s  in  th e

fo rm a tio n  o f  two isom eric  o c ta n e s , namely, a ,4 ,4 ~ iy lia s th y lp e a te n e ~ l 

and 2 ,4 ,4 -> tr ia e th y lp e n te n e -2 . A nother o b je c tio n  t h a t  has been  r a i s e d  

to  t h i s  th e o ry  i s  th e  f a c t  th a t  o th e r  a g e n ts , such a s  aluminum c h lo r id e , 

s in e  c h lo r id e , f u l l e r 1 s e a r th ,  11 # t  and h e a t, e f f e c t  the  m m  

p o ly m e ris a tio n . T his th eo ry  would n o t le a d  one to  a sp e c t  t h i s .
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Me Dubbin and id k ln e ^  ex p la in e d  the  fo rm ation  ©f t hmm

two ©etenes from t s e b a ty l  a lc o h o l ©a the 'basic  ©f th e  a c t iv a te d  

hydrogen th eo ry  o f  Bergaann. Bm e, an a c t iv e  hydrogen atom o f  

th e  m ethylene groap o r  o f th e  m ethyl groan can add to  one o f the  

e th y le n ic  carbons In  one o f se v e ra l  way*, the  r e s t  o f  th e  m oleenle 

then  add ing  to  th e  o th e r  e th y lem ie  carbon , fh ese  tran s fo rm a tio n s  

may be re p re se n te d :

Or* again* the  hydrogen atoms o f  the  m ethyl gronp

may be a c t iv a te d



(3)

o r

(4 )

CHg

CHg
^>0=sCHg

V>C=sCHg

CH.

^CssOHg

C Eg=C <(
6h2

c%  .
^  >GBU.CEg—Glig-.osrciig

C H 3  C H g

G% /CH g
^  > c c

CH-' CHg—CasCHg 

^Hg

The compounds produced by re a c tio n s  ( l )  and (4 ) a re  

the  o n ly  ones formed by the  p o ly m e risa tio n  o f iaobuty len® . 

fb n s , the  th eo ry  p r e d ic ts  th e  fo rm atio n  o f fo u r  isom eric  o c ta n e s ; 

v e ry  c a r e fu l  in v e s t ig a t io n s ,  u s in g  la rg e  q u a n t i t ie s  o f  m a te r ia l ,  

showed th e  p resen ce  o f  h u t two isom ers?*8 *8^ .  a  more s e r io u s  

o b je c tio n  i s  to  he found In  the p o s tu la t io n  o f  an  a c t iv e  hydrogen 

atom in  th e  m ethyl group. The I n te r p r e ta t io n  o f the  experim en ta l 

r e s u l t s  o f t h i s  p o ly m e risa tio n  in  t h i s  way would in d ic a te  the  

hydrogens o f  the  m ethyl group to  he fo u r  tim es a s  a c t iv e  a s  those  

o f  th e  m ethylene group, s in ce  th e  amount o f  o c teae  formed hy 

r e a c t io n  (4 ) i s  found to  he fo u r  tim es th a t  o f  th e  octene formed 

hy re a c t io n  ( l ) .  This i s  in c o n s is te n t  w ith  th e  f a c t s  observed
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c ?HFo(CftI ) ?c - jOH ♦ H^.c ( c a . ) o ( o a , ) ?

I
Cg^gOCOH^g—»»C{ Ck̂ )SSC(

fha th eo ry  does n o t accoun t f o r  the  fo rm atio n  Of th e

te e  i  sa u e rs  t h a t  were found in  t h i s  in v e s t ig a t io n ,  and does n o t

e x p la in  th e  p o ly m e risa tio n  o f  o le f in s  hy such a g en ts  a s  fu l le r*  s

e a r th ,  l i g h t  and h e a t .

Ban t e r  and Tohe43 s tu d ie d  th e  p o ly m e risa tio n  o f

u n s a tu ra te d  hydrocarbons hy means of aluminum c h lo r id e .  M

a c t iv a te d  o l e f tn ic  head i s  re p re se n te d  a s  one In  which one carhon

atom h as acq u ired  th e  seeend e le c t r o n  p a i r ,  tim e:

0 : 0 
s e

da a c t iv a te d  double bond then  combines w ith  a  m olecule of aluminum 

c h lo r id e , fo rm ing  the c o u p le r

1 1
*  e  •  e

* » C t C t &
•  e  •  e

i 01 : MX : 01
e •  e •

Cl

which then  combines w ith  an o th e r m olecule c o n ta in in g  an a c t iv a te d  

d e f l a t e  double bond, to  form
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B E E E
» •  •»  • •  « •

H : 0 : C : 0 : C : H

B E 1 1 : 0 1
• 4ft • •
01 01

^ i s  m olecule ©m  then  undergo f u r th e r  a d d it io n , r e s u l t in g  

in  tli® fo rm ation  o f  a  trim s r ,  e t c .

S i i s  th eo ry  ©f B an te r and Tohe i s  s im ila r  to  on® p re v io u s ly  

p o s tu la te d  hy ^hitm ore4^ * ^ 4®, in  th a t  th e  modern concep ts o f  

atom ic s t r u c tu r e  a re  u t i l i s e d .  Ih a s , the  second o f  tv© p a i r s  o f  

shared  e le c t ro n s ,  c o n s t i tu t in g  an o le f in ic  l in k a g e , i s  h e ld  e lo s e r  

to  one of tho o l e f in ic  earhons then to  the  o th e r .  Ihe th eo ry  i s  

fcsteed on the  co n cep tio n s o f atoms and m olecules in tro d u c ed  hy 

<y. K. Lewis, A rthu r M ichael, J u l iu s  S t ie g h i ts ,  W. A. Heyes,

Ia n s  Meerwein, B« J .  Lucas and C harles P r e r o s t .  The theo ry  was 

f i r s t  a p p lie d  to  e x p la in  the  mechanism o f th e  Hofmann, Lessen,

C u rliu e , Beckmann, p in& eol-p inaoolone and the  h e n s il~ h © n silie  

a c id  rea rrangem en ts, a s  w e ll a s  the  rearrangem ents f re q u e n tly  

observed  in  th e  d eh yd ra tion  ©f a lc o h o ls , o r  the  rep lacem ent o f an 

hydroxyl group hy halogen, o r  some o th e r  atom o r  ^ rea p . I t  has 

more re c e n t ly 4® heen a p p lie d  to  e x p la in  the  rearrangem en ts th a t  

occur d u rin g  p o ly m e risa tio n .
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CHg H OSg H
«• « . •• ♦* • • • *

0 %  ! 0 t : 0 ♦ H® % z i 0^5 * C s C : H 4 ----- C% : 0 t 0 : 1
•  * •  «

H I  CH3
(A) (1 )

l a  tli# same way th a t  a  p o s i t iv e  hydrogen ion  adds* the  p o s i t iv e  

t e r t —b a ty l  group ( l )  can add to  le o b a ty le n e  to  g ive th a  

in te rm e d ia te  (C ).

*
t • • •

: C : : C + C : CEg

o%

8  083

• • • •
CHg : C ! C : C : 

• « • • • •
0% 1  0%

( 0)

fh e  p ro d u c t ( 0) l a  p o s i t iv e ly  charged . 'Tha ©arboa atom th a t  

sh a re s  h a t  s in  e le c tro n s  can a t  t r e e  t  a  p a i r  o f e le c tro n s  from  

one o f  th e  a d ja c e n t m ethyl groups* o r  from the  m ethylene group* 

th u s  l ib e r a t i n g  a  p ro to n  raid form ing  a  double bond.

( 0 )

H® * CH2= C (  CHg) CHs C( CHg) g 

S9 * (C83) 3C=asCaJ(CHg>3



mn
o

«r44®
ftw

J
8

49

5
4

1

I i
s 5 1

I
I
t

*n

5

0
1

J
8
I

s
4»« 4>

i «I 8
r4 «H 
€  U$ *? 
8  4ft ift
4® SO

I  1 
I
1
1S3
8

I
I

1 4s
fi Eft «rt45

3 a
tO •>tf t«H
» 8H

o to

8
© %S ©

49

£
I
1
8
I
4®

A
I
8
I

4*•H

§
13
a
4*

t

I
r»

g I  I4* ft ®

i49 

8  

«i S
“I i
4f»*
10

*&

3 I
6
4»
f t

I I I
I
I
m,m*»

i  |
. s
i  I

!  *g 1
** I 3  « 5  .
I 4 I !  : 2

tH

* -♦H «®|

I

5
49

1
8
J§

i ia *  

*  °
g  i
m v*

I 8 
5 I
|  M

&
»  9* «
I 3
•h ,© 49 o

{ I
I «
I * 
I 4
a i
15 ®i :
£ m

• r tft 4> 
•H

J8 |

a I ae
l&

 
on 

lo
st

hy
X

ls
op

ro
py

lc
ar

M
no

X
. 

fh
is

 
m

ix
tn

ro
, 

al
so

, 
me

m 
to 

co
nt

ai
n

1

9

ft
•H
©8
i

%4
O «H%« «d

§ &H ft;
• t■a g

«•s
«rtS
f t
4>

8
S?■g
*s
I
£
1
91
0

t
f t

1
%4
91

g
u
9

4>
I B

Afta
49
«rtft
%
ms4

a
4®

^4
0

1
t
a
w

s 3 ift ft ft
^  g  >*H ft;

I*

12

ft

ft
49

a
4»

<N
ft

a9
S3

3tft
ft
4®

fti
&

£
0

sa
£
3 I

1 1 i
ft O 8
ft ft La
4® — ■

M
5Wf

t
ft..4.!% 1Sig1 Vw

ft

ft I ft̂
©
ga 1 «rt49

49 «*4 8
4®
l 1£T

a
ftfl

«rt
a
0

ftw§
ft

ftj
ftft

s
•rt

3

3
%
1
1
I 

. a
0

§
•Hi
e

ft
•*4
r t
*»4
49

83
ft*3

ft

I
ft

f t5
6
Uft

i49

*4ft

s
S3
ft

%4ft

g8
4»
ftft
HI
ft
*4
O
%48

I 3«4
4»

* 2ft
£  s

ft

ft

K
4»

4»

§ft
i
8
H
ft

38
a
4®

*0
mIIft

5?
4*

*
i
ftft
ft

H
m

na
sc

h 
vi&

wn
 

thf
t 

ol
ft

fi
ni

c 
t>o

ni 
as 

co
ns

is
ti

ng
 

of 
tw

o



-  47 -

p a i r s  o f shared  e le c tro n s ,  a s  may be ty p if ie d  by e th y len e

1 1 
•  •  e *

H : C ; : C : H

i n  which the  two p a i r s  o f shared  e le c tro n s  a re  sym m etrica lly  

lo c a te d , w ith  r e s p e c t  to  the  carbon atoms, because the  groups 

a tta c h e d  to  th e se  atoms a re  e q u a lly  e le c tro n e g a t iv e . However, 

in  m s y s s a e tr ie a l  d im sth y le th y le n e , the  m ethyl groups a re  more 

e le c tro n e g a tiv e  than  the  hydrogen atom s, and, consequen tly , th e  

two p a i r s  o f  sh a red  e le c tro n s  c o n s t i tu t in g  the  double bond a re  

d isp la c e d  toward th e  carbon h o ld in g  the  hydrogens

®*a
• e

H
• e

C s t 0
• e

H

%

T his i s  ev idenced  in  the mode o f  a d d it io n  o f BOX to  o le f in s .

In  t h i s  in s ta n c e , the  c h lo r in e  ion  adds to  the  carbon h o ld in g  th e  

m ethyl groups, and th e  hydrogen to  the  carbon h o ld in g  the  

hydrogens,
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c %  Bh
E • •  I

G : : C + 0C1 — > Cl : 0 I C : H 
• • • •

••  H . .  1

0I 3

JkT***2 h a s  shown th a t  3-mothy I t n  teno-X I s  forsaod l a  

th e  c h lo r in a t io n  o f  tsopo& taao in  th e  fo llo w in g  war:

V f t  * « ,  _ >  C% > « * *  * hci
c%  e % e i

g l  . . e % v
* ^  OSCHgOHg 2£*2*  ^ ^ 00% C %  ♦ HC1

$rim othy ie thy i*n*  I s  formed from t h i s  h r  a d d it io n  and lo s s  o f  101,
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Xfce l a s t  re a c t io n  i s  s a id  to  he t r u ly  r e v e r s ib le .  fr im e th y le tb y le iie  

i s  a ls o  fosmed lay a n o th e r a e r ie s  o f re a c t io n s , l a  the c h lo r in a t io n  

o f  tb s  p e a ta a e s .

^ ^C H C B g O I^  ♦ Clg —»► ^>CHS%e%Cl + HCX

HCX
C%

" * > « » « *  .  HCX ^ C H C H C X ^

CH~ 0% v
# ><3l01DiOIL f S ±  >0=CHCE,

« V  C%

fh e  mechanism o f  the  p o ly m erisa tio n  o f  trisa® thy I©thylen© 

to  form 3, 4, 5, 5- t e t r a 2sethylheaene-2  may he re p re se n te d  a s  the  

a d d it io n  o f  one m olecule o f  trim ® thylethylen®  to  a n o th e r  l ik e  m olecule

c%  OSg.
• * • * •• <♦

1 1  H 1
• • « .  • •  « .

0 8 8 0 ♦ C 8 8 G —») G 8 0 8 0 8 8 C

e • e e • •

C * ,  C H g  C H ,  C H j  C B g  C H g  0 ^
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I t  w i l l  be n o ted  th a t  t il l#  mode o f a d d it io n  i s  l a  acco rd  w ith  

th e  e le c t r o n ic  arrangem ent o f th e  tr im s tb y le th y le n e  m olecu le .

T his m olecule i s  u n s ta b le  because carbon atom 1 sh a re s  b a t  

6 e le c tro n s*  end carbon atom 3 sh a re s  10 e le c t r o n s ,  t r a n s f e r  o f  

2 e le c tro n s  from  carbon 3 to  carbon 1 and the consequent s h i f t  o f  

the  m ethyl group th a t  sh a red  t h i s  p a i r  o f e le c tro n s*  r e s u l t s  in  

th e  e s ta b lish m e n t o f a  tru e  o l e f in ic  bond between carbons 3 and 4 .

%
H

« •

5

© : 0 : C i : C
I 2. 3 4

«%

G M ~  s  0  :  0  :  0  :  :

3 I z. 3

H

# e t  t

©Hg ©Eg 0B3 OHg

S h is  w i l l  be reco g n ised  a s  3 ,4 * 5 ,5 -te tram ethy lhenene~ 2  when 

w r i t te n  in  the  more co n v en tio n a l maimer ( CHg)gCCBOEy^rCH/E^ .

In  a  s im i la r  fash ion* a d d it io n  o f  a  m olecule o f  

tr im s  th y le th y le n e  to  one o f  2-me ihyrbute&s~3* fo llow ed  by the  

rearrangem ent o f  a  m ethyl group* y ie ld s  the  o th e r  decene found in  

diamylene* namely 3 ,5*5 - tr iia e  th y lh e p te n e -2 .
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H 
• •

: : 0 
* •

1

CHg

1 H H

0H3 %

H

V b CHg OHg

H 
* •

: C
•  •

0

0%
I

— ^  C H g  :  0  :  C  s  C  :  s

1 
««
0

•  *

cA « % % V s 0% e%

H il»  l a s t  fo rsm la  may to  w r i t te n  C ^ ^ 0(C % )30%C0%CICHC% ; in  t h i s  

g a la s  I t  w i l l  be ree o g a ised  a s  3, 5, 5-trim © thy lii0pt©n@-2 .

In  su p p o rt o f  t h i s  mechanism, i t  may be p o in te d  o u t t h a t  i t  

a ls o  o f f e r s  an e x p la n a tio n  o f th e  ex p erim en ta l obserw ation  th a t  

v in y l  c h lo r id e , tr im s  th y le  tfty lene end nnsym m ertrica l m  th y le  th y le  th y len e  

e l l  po lym erise  more r e a d i ly  th an  e th y le n e . In  the  l i g h t  o f  t M i  

m echanise, t h i s  i s  due to  th e  p o l a r i ty  e s ta b l is h e d  in  th e  m oleen le , 

due to  th e  rep lacem ent o f  hydrogen by the  snore e le c tro n e g a tiv e  

m ethyl o r  e th y l  groups o r  by c h lo r in e .
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Tkm m e e h m im  fo rm u la ted  above a ls o  e x p la in #  th e  fo rm ation  

o f  3 ,4 ,4 - trim® th y lf e n te n e - l  and 3 ,4 ,4 -trim #  thy lpen tene~3  from 

leebu ty lem e, i f  on# assume# th e  rearrangem ent o f  a  p ro to n , a# w e ll 

a s  a  m ethyl group.

CHS CHg C% C%
* • •• •• • *

B B E  5
•  •  • •  « «  •  *

0 5 I C + C 8 * 0  ■xmmiwiN 0 * 0 » 0 8 8 0
‘ '■ ' 2. 3 4• • * • * • •!

1  H E  H
•  •  • *  • •  •  •

%  c %  fl%

H ilo  may undergo rearrangem ent in  on# o f  too way#, (1 )  %  com pleting

th e  o e to t  o f e&fben 1 by t r a n s f e r  o f m  e le c t ro n  p a i r  from carbon 
feo

3 , i& ich^share#  e le c tro n s ,  fo llow ## by rearrangem en t o f  a  m ethyl 

group, g iv in g  3 ,4 ,4 - tr lf f l# th y lp e n te n e -l, o r  (3 ) #7 rearrangem ent o f  

a  p ro to n , and tb s  fo rm ation  o f th e  e th y le n te  bond a t  tit# o th e r  end o f  

the  m olecu le .
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• •  •  •
H H

* • • •
C : : C 5 0 : s C

•  •  •  •

H H
•  *  * *

* 0

1  B
•  •

0 ^  : C : G : C s i O
•  •  #  •

H g
•  »  •  •

CBj C8,

m «
Cg : C : : C : C : C i H

»

H • .  E

%  « *

A lthough tb s  l a t t e r  I s  a o t  v e ry  frohsfc lo , th a  saschaaism I s e s n t i  

mors proh&hl* stioa I t  i s  reoamherod th a t  t h i s  l a t t e r  pro& act, 

£ ,4 ,4 -  ir tzas th y lp en te iss-3  sons t i  t a t s  s  h a t  3D# o f  the  d iia o h a ty lo a o  

n d x ta rs
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t m Q w n m

fwo isocaorie dscenes h a re  boon o b ta in ed  by  f r a c t io n a t io n  

o f  diasBylono, o b ta in e d  a s  a  b y -p ro d u c t in  the  c h lo r in a t io n  o f  the  

fo n tan o * . She doconoo nor# shown to  ho 3 , S, 5 - tr tm e th y lb ep te » e -2  

and 3 ,4 ,5 fS -ie traH i» thy lh«»ene-2 , by oeono lye is  o f  th e  decene 

f r a c t io n s .  $heoe too  toomere a rc  p re s e n t  in  approa& sm tely ep u a l 

amount#.
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