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ORGANIC PREPARATIONS AND PROCEDURES 1(1), 11-19(1969) 

BEW STRPHESES OF PoLPpmrCTIOlUL LOBO-CHAIN COlIpawDS BY ALTERNATIEU 

FBEE RADICAL ADDITIONS 'Po COBJUGATED 0- 

F.BSlnlsol,M. Ceoere, &Oalll and A. Selva 
Istitub di chimior del Pollteonioo,Milam 20133  

The addition to butadisno of the s-(methoqoarbonyl)-pent~l rrdid 

generated f'rom qWoharsaone,hydrogem peroxide and ferrous sulfate 

in methano1,lesde to a airturn of ester Isonera of  C20 dioarboqllo 

adds t 
4 

I 
The separation of these isomers an pure produots is rather diffiault 

end xs8 not oafiied out. An analogaaa radioal' 0811 be obtained from 

B~ethylpentame~leneoxa5irsae, easily obtainable from oyolohaanone 

I1 

Addition of this M o d  t o  butadiene results in good yield6 of t h o  

diamide I I 1 , e s e i I ~  isolable a8 the plre produotja minor amount of  

the branohed isomer I V  is obtained t 
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M I N I S C I ,  CECERE, GALL1 AND SELVA 

We czn achieve synthet ic  modifications with both r ad ica l s  from I and 

I1 by a l te rna t ing  addi t ion t o  conjugated olefins.Fkom 11,acry loni t r i le  

snd butd iene ,one  isomer of st ructure  V is isolated a s  a pure product 

formed through the sequence a 

CH3mco-( CH2)4-CH; + CH2=CH-cN - cH3mco-( CH ) -?!H-cN 
2 6  

(Z3mCO-(CH2)6&-CN + CH2=CH-CH=CH2~CH3HaCO-( CH2)6-CH( m)-C 4 6  H 

2 CH3NHCO-( CH2)6-CH( CN)-C4H; + ( CH3NECO-( CH2)6-CH( CH)-CH2-CHdH-Ca2)2 
V 

Analogous products are obtained from 1 ,acry loni t r i le  and butadiene; 

the mixture of isomers i s  d i f f i a u l t  t o  separate in t h i s  case I 

( C H 3 c w  CH2)6-wC18)-C4H6)2 
VI 

Further aynthetio developments can be accomplished by oxidation of 

the ally1 or be-1 rad ica l s  with cupric sa1t.Etrom 1 ,ac ry lon i t r i l e  

and butadiene isomers of s t ruc ture  VII and V I I I  a re  obtained I 

CH300C-( cH2),-CH( CB)-C4H; + Cu*-CH300C-( CH2)6-CH( CN)-C4H6 + + Cu' 

Ca300G( CH2)6-CH( W)-CH2 -r;:m2 

VII 
P 
L 

CH300C-( CH2)6-CH(CIi)-C4H6+ + CH3afl 

CH~OOC-( CH~)~-CH( CB)-CH~-CH=CH 
I 

vIn '3-2 

From 1,aoryl io  acid and butadiene or a-methylstyrene,the laotones IX 
and X are obtainable I 

(Z300C-(CH ) -CE-C4H6+ + CH300C-(CH ) -CH-CE -CH-CH=CH2 
2 6 1  2 1  

CO-0 
2 6 1  

C m  

Ix 

~ 3 0 0 ~ (  ) e - C H 2 - E (  a 3 ) - C 6 H s +  CH300C-( CH ) -CH-CH -C( (Z3)-C6HS 
2 6 1  2 1  
0- 0 

2 6 J  
COoBl 

X 
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POLYFUNCTIONAL LONG-CHAIN COMPOUNDS 

These are only a few examplea,thus far synthetioally defined,of 

general prooedures. 

These new spathesee involve several interesting theoretioal aepeotsr 

a) A oorrelation with the alternating effeot of the radioal oopoly- 

meriziation. 

b) The reactivity of allcyl radioale from I or I1 towards oonjugated 

0lefins;this reaotivity is  higher with aorylonitrile or aorylio aoid 

than with butadiene o r  a-methylstyrene owing to the prevalent nucleo- 

phi l io  aharaoter of the  -1 radicale and aooording t o  our previous 

results' with the radical derived from Ijopposite oonolusione have 

been reported by Koahi and Rust with the same radioal. 

0 )  The different rates of oxidation by Cu++ of the three types of 

radicals involved i n  the reaotion (aUcyl,a-cyano or oarb04-allcyl 

and ally1 or benziyl radioals). 

a) The intramoleoular reaotivity of the ally1 or benzyl oations. 

Qmntitative data on the reaotivity of the different radioale 

involved and a full  disoussion w i l l  be published elsewhere. 

5 

RDeriment al 

M-IT-metlwlamide of trans-trans-8-1 2-eiooeadiene-1-2 o-dioio aoid (111) 

To a mixture of 10 g. of butadiene, 11 g. of ferrous sulfate hepta- 

hydrate and S O  g. of urea in 100 m l .  of water, i e  added dropwise over 

a period of 15 minutes s g. of B-3nethylpentsmethyleneoxazirane while 

the mixture is stirred vigorously a t  -100 in a nitrogen atmoephere. 

The butadiene is allowed t o  evaporate and the mixture is aoidified 

with sulfurio aoid. The resulting preoipitate is oolleoted and washed 

with ether,uhiah is used t o  eutraot the aqueous solution; 3.8 g. of 

Produot (III),meIting a t  130'9 is obtained;after arystal1ieation from 

ethano1,m.p. 13i0. After &~5ng the ether a t raota , the solvent is 

removed, a solid residue (2.2 g.) remains;thie so l id  is extraoted 

with warm ethyl aoetate and the residue is  orystallized From ethanol, 

t o  give an additional 0.6 g. of 111. 
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MINISCI, CECERE, GALL1 AND SELVA 

Anal. Of III. C d O d .  for C22H401T202t C , 7 2 . 4 8 ;  H , l I . 0 6 ;  IT, 7 . 6 8  . 
Found x C, 7 2 . 6 0 ;  H, 1 0 . 9 2 ;  a, 7 . 5 2  . 
I.R. x 3300 om-' (m) , 1 6 5 0  cm-' (0) , 9 7 0  om 

Mol. wt. t 3 6 4  (mass speotrum) ; formula wt. of I11 t 3 6 4  . 
The ethyl aoetate and ethanol filtrates a r e  combined and, after 

removal of the solvents, 1.6 g. of solid product is obtained; 

attempts to isolate IV by crystallization from ethyl acetate were 

not ~uocessful. Thin layer ohromatography of the recrystallized 

(three times) produot reveals two components, 111 Snd IV. 

Analysis of the mixture I Found: C, 7 2 . 5 3 ;  H, 11.15; N, 7 . 6 1  . 
The I.R. spectrum posseaes all the bands of I11 and two bands at 9 9 0  

9 1 0  cm 

-1 
(CE=CH trans) . 

-1 
(CH=CH2). Mol. Kt. I 3 6 4  (mass speotrum). 

Di-N-methglamide of ~-i~aioyano-trans-trans-~o-~~-tetracos~ienc 

i-24-tiioic acid (v) . 
A) To a solution of 10.8 g. of butadiene , 2 . 7  g. of acrylonitrile 

and 16 g. of ferrous sulfate heptahydrate in 100 ml. of methanol, is 

added dropwise 6 g. of B-methylpentamethyleneoxazirane over a period 

of 2 0  minutes with stirring in 8 nitrogen atmosphere at -5-0' . 
After oompletion of the addition, the solution is stirred f o r  1 hour 

and then poured into water. The aqueous solution is extreoted with 

ohloroform; after &ying the chloroform solution, the solvent is 

removed, a residue of amides remains (whioh in part crystallizes). 

!(?he product ( 4 . 3  g.) is dissolved in 4 0  ml. of boiling ethyl acetate 

aad upon oooling 1.8 g. of V crystallizes, m.p. 102'. 

Anal. Calcd. for C H B 0 I C, 7 1 . 4 5 ;  H, 9 . 8 5 ;  B, 1 1 . 9 0  . 
28 4 6  4 2 

p o d  I c, 7 1 . 4 6 ;  H, 9 . 6 2 ;  N, 1 1 . 9 4  
-1 -1 -1 I.B. z 3300 om-' (BE) , 2 2 5 0  om 

( CH=CH trans). 

B.H.B. : vinyl protons centered at 5.5 d (4H), CH3-N at 2 . 7 6  and 

2.84  (6H). 

M.S. ; m/e (I$) : 4 7 0  ( 4 ) )  3 9 8  ( 2 2 ) ,  289  ( 8 8 1 ,  2 3 5  ( 7 2 1 ,  7 3  ( l o o ) ,  

(CHI, 1 6 5 0  cm (CPO), 970 cm 
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P O L Y F U N C T I O N A L  LONG-CHAIN COMPOUNDS 

s8 ( 6 0 ) .  The molecular ion M (470) loses *CH2-CO-BH-CH3 ( 3 9 8 )  and 

NC-&-(CH 

(CE3-Ha-CO-( CH2)6-CE(CB)-CH2-CEI=CE-CH2+) . Fragments 73 ( the  MoLaffer- 

.tiv rearrangement ion) and s8 (a -HB-CO ) are b a o t e r i s t i o  of ~ - m +  

thyl-amiderr. 

h p o r a t i o n  t o  dryness of the ethyl aoe ta te  solution leaves a vis01.10~ 

prodaot (2.5g.) , whioh the ane+lytioal data show to  be predominantly a 

mixture of isomers of  V. 

Anal. Found I C, 70.41; H, 9.899 X, 10.66 . I.E. speotrum shows a11 the 

bands of V and tV0 b a d e  at  990 and 9 1 0  om-’ (CH-CE2) .Major fragments 

of H.S. are ident i& t o  that of V. 

B) !b a mixture of 10.8 g. of butadiene, 2.7 g. of aory loni t r i le ,  14 g. 

of ferrous sulfate heptahydrate and 5 0  g. of urea in 100 d.. of water, 

is added dropwise 6 8. of Bdlethylpentametbylee~5irane over a period 

of 4 0  minutes w i t h  vigorous stirring at  -100. The butadiene is allowed 

to  waporate  and the mixture is aoidified w i t h  sulfurio aoid. 

Ectraotion with ohloroform results in 8 . 5  g. of produoti c rys ta l l iza t ion  

from ethyl aoetate solut ion leads t o  the separation of 1.7 g. of V , 
&.Po 102 . 
Evaporation t o  drpmss of the ethyl  aoe ta te  solution leaves 6.8 g. of 

-co-=-a3 (289). Signi f ica t ive  ion: 23s (1/2 H) 
2 6  

+ 
3 

0 

d E O U 0 6  pr?OdUOt. 

And, Found I C, 69.21;H, 9.851 3, 12.62 . I.R. apeotruep exhibi ts  a l l  

the bands of V and two bando a t  990 and 910 am-’ (CE-CH2). M.S. spb 

0- 6hOm a Veak peek: 8f 5 2 3  (m + 5 3 )  in addition t o  the mjor pe8kS 

of  V . These aaalytioal data indioate that the visoaue produot is pre- 

dominantly a mixture of isomers of V, present BB imparities arising 

from reaot ion of more than two moles of aory loni t r i le  for two moles of 

butadiene, as a result of the greater so lub i l i t y  of aory lon i t r i l e  h 

water, 
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M I N I S C I ,  CECERE, G A L L I ,  AND SELVA 

while the  temperature is  kept below 40'. After I hour a t  room tempera- 

ture the  mixture is dissolved i n  1 5 0  m l .  of methanol w h i c h  containa 

2 0  ml. of oonoentrated sulfuric acid . The solution is added dropwlse 

w i t h  s t i r r i n g  in a nit rogen atmosphere a t  -5-oo t o  a so lu t ion  of 16.2 

g. of butadiene , 15.9 g. of ac ry lon i t r i l e  , 2 8  g. of ferrous sulfate 

heptahydrate i n  1 5 0  ml. of methanol over a period of I hour. After worn- 

plet ion of  addition , the solut ion is  stirred for 3 0  minute6 and then 

poured i n t o  water ; the aqueous solut ion is extracted w i t h  ether. The 

ether  solut ion is washed with a solut ion of  sodium bicarbonate and 

after removal of the solvent and exoess oyolohexamne, the residue is 

d i s t i l l e d  t o  yield 9.5 g. of produot bo i l ing  a t  240-2J0°/0.5 mm., and 

4.1 g. of residue. 

Anal. C a l o d .  for C H 0 BI : C, 7 1 . 1 5 1  H, 9.38; B, 5.93 . 
2 8  4 4  4 2 

Found : c, 70.93; H, 9.22;  ir, 5.88 . 
I.B. : 2 2 5 0  om-' (CR) , 1750 an-' ( ~ 0 )  , 9 7 0  om 

and 9 1 0  om1 (m-m ) 

-1 t rans)  , 9 9 0  

2 .  

M.S. ; m/e (I$) 1 4 7 2  (2) , 4 4 1  (15) , 4 4 0  ( 7 )  , 4 0 9  ( 1 0 )  408 ( 3 )  , 
2 9 0  ( 2 2 )  , 
( 4 8 )  , 5 9  ( 4 9 )  . The moleaularr ion M ( 4 7 2 )  loses CHJO* ( 4 4 1 )  and CH30H 

( 4 4 0 )  . B o t h  these fragments eliminated CH OH ( 4 0 9  and 408) .  Hi& a i -  

gn l f ica t ive  i o m  : 2 9 0  (M- ir&-(C32)6-CoOCH3) , 2 5 8  ( 2 9 0  - a3m) 9 

2 3 6  ( i / 2  M ( 4 g 3 0 0 G ( C H 2 ) 6 - G H ( ~ ) - C H 2 - C H - ~ ~ ~ 2 + )  9 2 0 4  ( 2 3 6  - a3a) 9 

183  ( the  protonated oomplementaq ion of 2 9 0 )  and 1 5 1  ( 1 8 3  - CB30H). 
F r m e n t s  7 4  ( the lo Lafferty reaxrangement ion) and 5 9  (CH30C0 ) are 

-hal of aliphatic m e t h y l  esters. 

2 5 8 ( 1 9 )  , 2 3 6  ( 4 4 )  , 2 0 4  ( 6 6 )  , 183  ( 2 3 )  9 1 5 1  ( 9 6 )  9 7 4  

3 

+ 

BIethyl ester8 of 8-mano-1o-metho~-11-dodeceaoio aoid and 8-wano- 

I n-methox~-trane-r o-dodeoenoio aoid. (VII) and (VIII) 

5 g. of  3446 w o g e n  peroxide is added t o  9.8 g. of oyolohexanone whl- 

l e  the temperature is  kept below 40°  by in tenni t ten t  ooolips. I h e  m h -  

ture l a  m a i n t a i a d  a t  room temperature f o r  I hour and then d i 8 S O h 6 d  

i n  75 ml. of methanol which  oontajPs 1 0  m l .  of conoentrated sulftario 
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POLYFUNCTIONAL LONG-CHAIN COMPOUNDS 

aoid. The solution is oooled a t  -50 and 5 . 4  g. of butadiene , 15 g. 

of aorylonitri le , 1.2 g. of ouprio sulfate pentahydrate 82.8 dissolved. 

A solution of 15 g. of ferrous sulfate heptahydrate i n  6oml .  of me- 

thanol is added dropuise uith s t i r r i n g  i n  a nitrogen atmosphere at 

-5-Oo over a period of i hour . After oompletion of the addition the 

solution is stirred for 3 0  minutes and then poured into water ; the 

aqueous solution is  extraoted w i t h  ether . The ether extraot is washed 

dth a solution of sodium bioarbonate and d r i e d  over sodium sulfate . 
After removal of the solvent and euoess oyclohexanone, the residue i m  

d i s t i l l e d  t o  yield 1 . 3  g. of produot boiling at  50-120°/1 mm. , 8.8 g. 

of produot boiling a t  160--180~/irmn. and 0.9  8. of residue. The main 

f'raotion is analysed by g.l.0. a t  160' , using a 2 m. x 3 . 5  mm. oolumn 

paoked w i t h  I$ SE 3 0  on Gas Chrom P silanized . Three oompounds with 

increasing retention times are presant I VI I~  (29%) , VID ( 2 0 . 4 )  

and VIII (50.8%) . These oompouds are isolated by preparative g.1.0.. 

hal. C a l o d .  for ClSH25B03 I C, 6 7 . 3 8 ;  H, 9 .43;  19, 5 . 2 4 .  

Found for VIIa I C, 6 7 . 0 1 ;  H, 9 .37;  B, 5 . 2 0  . 
EIopnd for VIl3 I C, 6 7 . 4 7 ;  H, 9.355 B, 5.14 . 
Fouad for VIII I C, 6 7 . 1 8 ;  H, 9 .29;  B, 5 . 3 1  . 
me I.B. speotra of V I I ~  and V I I ~  are identioal 2 2 5 0  om-' ( CN) , 
1 7 5 0  am' (CO) , 9 9 0  a d  9 3 0  0m-l (CH=CH2) . I .R.  of VIII t 2 2 5 0  m-' 

(CN) , 1750 0n-l (CO) , 9 7 5  Om' (CH-CH trans). 

B.M.B. of VIIa and VIIb I CH30 at 3 . 2 5  

vinyl protons a t  5 . 2 0 - 5 . 7 0  3 (3H) . B.M.B. of VIII I CH3O a t  3 . 2 5  

(3H) , CH300C at 3 . 6 5  & (3H) , Ml protons oentered a t  5 . 6 3  

The M.S. spectza of VIIa and VIIb o e  praotioally identioal and eimilar 

to that of VIII ; m/e (I$) for VIII I 2 6 7  ( 0 . 1 )  236  ( 4 . 5 )  , 2 0 4  ( I S ) ,  

183 ( 4 )  , 151 ( 1 9 )  , 8 5  ( 8 7 )  , 7 1  ( 1 0 0 )  , 55 (so) , 4 1  ( 1 2 ) .  me soar- 

oe moleai lo  ion ( 2 6 7 )  loses ~ O C H ~  ( 2 3 6 )  and ~ 8 ~ 0 ~  ( 2 3 5 )  . Rrom the 

236 ion loss of methanol ooaurs ( 2 0 4 )  . Signifioative frsgmente axe I 

183 ( BC-(CB ) -COOCH3) , 151 ( 183 - CH30H ) , 85 (+CH2-cB=CE-CE2- 

4 c B 3 )  , 71 ( CH2-CH=CH4cB ) due to  previous shift of the double 

(3H) , cB300C a t  3 . 6 5  6 (3H), 

(2H). 

2+7 
3 
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MINISCI, CECERE, GALLI, AND SELVA 

bond posi t ion , 55 which is  derived from 85 by loss of CH 0 as proven 

by the appropriate metastable ion , and 4 1  derived from 71 by an analo- 

gous process ; 

m/e (I$) f o r  VIIa and V I I ~  : 2 6 7  (0.1) , 2 3 6  (0.8) , 2 3 5  ( 0 . 4 )  , 204  

( 6 )  , 183 ( 5 )  , 151 (1.7) , 85 ( 3 )  , 55 (7.5) , 4 1  (13) .  he main fea- 

tu re  of t h i s  specixum is  the  grea t  predominauoe of the 71 ion; i t  is  

eas i ly  formed by the simple cleavage of the  a l l y 1  C-C adjaoent t o  the 

carbon atom bearing the OCH group. These d i f f e r  from t h e i r  isomer VIII 

i n  that ,  according to  the structures, these compounds y ie ld  the scarce 

85 fraguent. 

2 

3 

Mew1 e s t e r  of S-OaSbOxY-lo-hydroxg-1 i-dodecenoic acid- X-laotone. (lX) 

The react ion is  performed exaotly as f o r  the preparation of VII and VIII 

with the difference t h a t  ac ry l i c  acid is used instead of acry loni t r i le .  

6.9 g. of product boi l ing a t  170-5~/0.5 mm. is obtained. G.l.o.(uaing 

the same conditions as fo r  VII and VIII) shows 96% of Ix ; a sample 

purified by preparative g.1.c. w w  analysed. 

I 

hid. C d O d .  fo r  C H 0 8 C, 66.11; H, 8.72 Found : C, 66.02; 

H, 8.69 
1 4  2 2  4 

-1 I.R. : 1780 OPL 

I.S. ; m/e (I$) : 2 2 3  (18) , 2 2 2  ( 1 1 )  , 1 1 2  ( 1 0 0 )  , 74 ( 4 2 )  , 59 ( 2 9 ) .  

The molecular ion  i s  missing and the fragments 2 2 3  (M - OCH3) , 2 2 2  

(M - CH30H) , 7 4  ( the Mc Laffer ty  rearrangement ion on the  methyl 

e s t e r  carbonyl group) and 5 9  ( CH30CO+) a re  typical  of methyl e s t e r s  . 
An abundant and s igni f ica t ive  ion is 1 1 2  due t o  loss of CH2=CH-(cH2)4- 

-COOCE 

bony1 group. 

(CO lactone) , 1750 om-' (CO ester) .  

as a r e s u l t  of a Mc Lafferty reaxrangement on the lactone 
3 

Saponification of 2 g. of IX with sodium hydroxide i n  methanol prcduoes 

1.7 g. of the corresponding o a r b a y l i c  acid , m.p. 96-7' (from ethyl 

acetate-petroleum ether). 

Anal. C a l c d .  f o r  C H 0 : C, 64.98;  H, 8.39 .Fo-d : C, 64.96;  H, 8.34 

Aoid equiv. C a l c d .  f o r  C 3 0 t 240. Found: at 20° 2 4 0  , at l o o o  119. 

$3 2 0  4 

13 2 0  4 

18 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



POLYFUNCTIONAL LONG-CHAIN COMPOUNDS 

M.S. : Fragmentation is  very similar t o  tha t  of IX . The highest mass 

fragment is  222 (M - H20) . The abundant and s ignif ioat ive ion 112 must 

have the same struoture as the oorresponding fragment of IX . 
-10-phenylundeoanoio aoid- -1aotone Methyl e s t e r  o f  8 - c a r b o r g - i o - h s d r o 4  t- 

(XI 
The react ion is performed as fo r  the preparation of IX , using a-methyl- 

styrene instead of butadiene : 9.6 g. of product boi l ing a t  180-190°/ 

1 mm. is obtained . G.1.o. (using the same conditions as f o r  IX) shows 

tha t  the sample contains 9 4  of the laotone X ; a sample purified by 

peps ra t ive  g.1.c. is  analysed. 

Anal.Cd.Cd. f o r  C H 0 8 C, 71.67; H, 8 . 2 3 . F d  t c, 71.36; H, 8 - 4 5 .  
19 26  4 

I.R. : 1 7 8 0  em-' (CO Isotone) , 1750 om-' (CO ester). 

M.S. ; m/e (I$) t 3 1 8  ( 1 )  , 303 ( i s )  , 5 0 0  ( 3 )  , 271 ( 1 0 )  , 105 ( l o o )  . 
The moleoular ion ( 3 1 8 )  loses  CB* ( 3 0 3 )  and water (300).  The ion  271 

is  derived From 303 by l o s s  of CE OH . The base peak a t  m/e 105 oorre- 
3 

sponds t o  benzoyl ion. 

The corresponding aoid , obtained from alkal ine hydrolysis , melts at  

85-40 ( from ethyl aoetate). 

Bnal.Calod. f o r  C B 0 : C, 79.02; H, 7.95. F d  s C, 71.29; H, 7.95. 

Aoid equir.Calod. 1 304 . Found at  20° 3 0 4  , at l o o o  1 5 0  . 
H.S. :  he fragmentation pat tern is s i m i l a r  t o  that of its methyl ester(X). 

3 

18 2 4  4 
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