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NEW SYNTHESES OF POLYFUNCTIONAL LONO-CHAIN COMPOUNDS BY ALTERNATING
FREE RADICAL ADDITIONS PO COBJUGATED OLEFINS

F.Minisoci,M,Cecere,R,0alli and A,Selva
Istituto di Chimica del Politeonico,Milano 20133

The addition to butadiene of the 5-(methoxycarbonyl)-pentyl radical
generated from cyclohexanone,hydrogem peroxide and ferrous sulfate
in me':hmol,leads to a mixture of ester isomers of czo dicarboxylio
aolds @

CH O~ _-00H
ij + Pt — CH 000~(CH,) ~CR; + FeoH''

I
The separation of these isomers as pure products is rather diffioult
and was not carried out. An analogous :r.'mi:l.o&'l2 ocan be obtained from
N-methylpentamethyleneoxazirane,easily obtainable from cyolohexanone
and H—chloromethylaminos 3
++

++
~CE,  + Fe + HO —>cn3mco-(caz)4-cazo + FeCH

iI
Addition of this radical to butadiene results in good yields of the
diamide III,easily isolable as the pure productja minor amount of
the branched isomer IV is obtained s
casmco-(cnz)rcnz- + CH =CHE-CH=CH, -—> cnsmco-(cnz)s-c‘xs-

(cnsmoo-( CH, ) s-cnz-ca-en-cxz ) )

2 G, NHCO~(CH,) -C,E ¢ < I
cnsmco-(cn R ) s-c'm-cn 2-cK-cH--( CH, ) o ~COMACH,
CE-CH2
Iv
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We cen achieve synthetic modifications with both radicals from I and
II by alternating addition to conjugated olefins,From II,acrylonitrile
and butadiene,one isomer of structure V is isolated as a pure product
formed through the sequence 3

cnsmco-(czrz)4-cnz- + CH_ =CE=CN ——> cnsmco-(cnz)s-ca-cn
cnsmco-(cﬂz)s-ca-cn + mz-m-m-cﬂz—»cnsmco-(caz)s-cn(CN)-C‘ES-

2 cnsmco-(caz)s-cn(cn)-ch. —> (CHSNHCO—(Cﬂz)S-CH( gn)-cnz-m-cn-cnz)z
Analogous products are obtained from I,acrylonitrile and butadiene;

the mixture of isomers is difficult to separate in this case
(msmc-(mz)s-m(m)-0436)2
VI
Further synthetic developments can be accomplished by oxidation of
the allyl or benzyl radicals with cupric salt.From I,acrylonitrile
and butadiene isomers of structure VII and VIII are obtained 1

++ + +
cnsooc-(cnz)s-cﬂ(cn)-c‘ﬂs- + Cu —-)GH300C—(CH2)S-CH(CN)-0435 + Cu

CH, 00C~(CH,, ) ~CH( ON)~CH ,~CH~CH=CE,

7

GHSOOC-(CHZ)G-CE(CN)-C4H6+ + cnscm\ VII CHy
cnsooc-(cﬂz)s—cm(cn)-caz-ca-c'm
VIIX ns : 2

From I,acrylic acid and butadiene or a-methylstyrene,the lactones IX
and X are obtainable 3

+

- «CHe —=CH=CH
cnsooc-(cnz)s ci:n-c4ns _ cnsooc-(cnz)s (')H cﬁz-?n )

COOH c0—0

=
—CH - ~CH-CH_~C(CH_)=C H

cn3ooc-(cnz)6-cl:n ca, E(cms)-csns-—> cnsooc-(cnz)s.clzn \ I( J)-C.E,

COOH co— 0

¢
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These are only a few examples,thus far synthetically defined,of
general procedures,
These new syntheses involve several interesting theoretical aspeots:
a) A correlation with the alternating effeoct of the radical copoly-
merization.
b) The reactivity of alkyl radicals from I or II towards conjugated
olefinssthis reactivity is higher with acrylonitrile or acorylic acid
than with butadiene or a~methylstyrene owing to the prevalent nmucleo-
philic charaocter of the alkyl radicals and acocording to our previous
results‘ with the radical derived from Ijopposite oconclusions have
been reported by Kochi and Rusts with the same radical.
0) The different rates of oxidation by Cu'' of the three types of
radicals involved in the reaction (alkyl,a-cyano or carboxy-alkyl
and allyl or bemzyl radicals).
d) The intramolecular reactivity of the allyl or benzyl cations,
Quantitative data on the reaotivity of the different radicals
involved and a full disoussion will be published elsewhere.

Experimental

Dj-N-methylamide of trans—trans-s-12-~eicosadiene-1-20-dioig acid (III)
To a mixture of 10 g. of butadiene, 1t g. of ferrous sulfate hepta-

hydrate and 50 g. of urea in 100 ml, of water, is added dropwise over
a period of 15 minutes 5 g. of H—methylpentamethyleneoxaziranes while
the mixture is stirred vigorously at -10° in a nitrogen atmosphere.
The butadiene is allowed to evaporate and the mixture is acidified
with sulfurio acid. The resulting precipitate is collected and washed
with ether,which is used to extract the aqueous solution; 3.8 g. of
Product (III),melting at 130°,is obtainedjafter orystallization from
ethanol,m.p. 131°, After drying the ether extracts,the solvent is
removed, a solid residue (2.2 g.) remainsjthis solid is extracted
with warm ethyl acetate and the residue is orystallized from ethanol,
to give an additional 0.6 g. of III,

13
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Anal, of III., Calecd. for C22H4°N202: Cy72.483 Hy11.063 N, 7.68 .
Found : C, 72,603 H, 10,923 N, 7.52 .

I.R. s 3300 om ' (NE) , 1650 om ' (C=0) , 970 om ' (CH=CH trans) .
Mol, wt, t: 364 (mass speotirum) j formula wi. of III s 364 .

The ethyl acetate and ethanol filtrates are 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 successful. Thin layer chromatography of the recrystallized
{three times) produot reveals iwo components, III and IV.

Analysis of the mixture : Found: C, 72,533 H, 11,153 N, 7.61 .

The J.R. spectrum posseses all the bands of III and two bands at 990

910 ca | (CH-CHZ). Mol. wt. : 364 (mass spectrum).

Di-N-methylamide of 8~17-dicyano-trans—trans—10-1s4~tetracosadiene-
1=24~dioic 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 N-methylpentamethyleneoxazirane over a period
of 20 minutes with stirring in a nitrogen atmosphere at -5-0° .
After completion of the addition, the solution is stirred for 1 hour
and then poured into water. The aqueous solution is extracted with
chloroforms; after drying the chloroform solution, the solvent is
removed, a residue of amides remains (which in part erystallizes).
The product (4.3 g.) is dissolved in 40 ml, of boiling ethyl acetate
and upon cooling 1.8 g. of V crystallizes, m.p. 102°,

Anal, Calcd., for czeH4sN4°2' Cy, 71.453 H, 9.85; N, 11.90 .

Found ¢ C, 71.465 H, 9,623 N, 11,94 .

I.R. 1 3300 om (¥H) , 2250 om ' (cK), 1650 em~ ' (C=0), 970 em !
(CH=CH trans).

K.M.R. : vinyl protons centered at s.s IS (+H), CH,-F at 2.76 and
2.84 b (eH).

M.S. 3 m/e (T#%) s 470 (&), 398 (22), 289 (88), 235 (72), 73 (100),

14
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s8 (60). The molecular ion M (470) loses * CH ~CO-NE~CH, (398) and
nc-ég-(caz)s-co-m-cn3 (289). Significative ion: 235 (1/2 M)

(8, ~NH~CO~(GH, ) ~CH( CH)~CH, ~CH=CH~CE 2*) . Fragments 73 (the MoLafferw
4y rearrangement ion) and ss (cns-m-co*) are characteristic of N-me-
thyl-amides,

Evaporation to dryness of the ethyl acetate solution leaves a viscuos
product (2.52.) , which the analytical data show to be predominantly a
mixture of isomers of V.

Anal, Found 3 C, 70.413 H, 9,893 N, 10,66 . I.R. spectrum shows all the
bands of V and two bands at 990 and 910 om ' (GH-CHz) Major fragments
of M,S. are identiocal to that of V.

B) To a mixture of 10.8 g, of butadiene, 2.7 g. of acrylonitrile, 14 g.
of ferrous sulfate heptahydrate and 50 g, of urea in 100 ml. of water,
is added dropwise 6§ g. of N-methylpentamethyleneoxasirane over a period
of 40 minutes with vigorous stirring at -10°, The butadiene is allowed
to evaporate and the mixture is acidified with sulfuric acid.
Extraction with chloroform results in 8.5 g. of produoct; crystallization
from ethyl acetate solution leads to the separation of 1,7 g8. of V,
Mo 1020.

Evaporation to dryness of the ethyl acetate solution leaves 6.8 g. of
visouos produot.

Anal, FPound : C, 69.213H, 9.85; N, 12,62 , I.R, spectrum exhibits all
the bands of V and two bands at 990 and 910 om ' (CH=CH,)s M.S. spe-
otrum shows a weak peak at 523 (MV + 53) in addition to the major peaks
of V . These analytical data indicate that the viscous produoct is pre-
dominantly a mixture of isomers of V, present as impurities arising
from reaction of more than two moles of acrylonitrile for two moles of
but:diene, as a result of the greater solubility of aorylonitrile in

water,

Mixture of methyl-dioyano-C, -dienedioste isomers, (vI)

10 g. of 34% hydrogen peroxide is added to 19.6 g. of oyclohexanone

15
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while the temperature is kept below 40°, After 1 hour at room tempera-
ture the mixture is dissolved in 150 ml. of methanol which contains

20 ml., of concentrated sulfuric acid . The solution is added dropwise
with stirring in a nitrogen atmosphere at -5-0° to a solution of 16.2
8. of butadiene , 15.9 g. of acrylonitrile , 28 g. of ferrous sulfate
heptahydrate in 150 ml, of methanol over a period of 1 hour, After com-
rletion of addition , the solution is stirred for 30 minutes and then
poured into water 3 the agueous solution ia extracted with ether, The
ether solution is washed with a solution of sodium bicarbonate and
after removal of the solvent and excess oyclohexanone, the residue is
distilled to yield 9.5 g. of product boiling at 240-250°/0,5 mm., and
441 g« of residue,

Anal, Calcd. for czeHquNz s C, 71155 H, 9.385 N, 5.93 .

Found : C, 70.933 H, 9.223 N, 5.88 .

I.R. & 2250 om ' (CK) , 1750 cm ' (CO) , 970 om~' (CH=CH trans) , 990
and 910 om ' (CH-CHZ) .

M.S. 3 m/e (T%) s 472 (2) , 441 (13) , 440 (7), 209 (10) , a08 (3),
290 (22) , 2s8(19) , 236 (44) , 204 (66) , 183 (23) , 151 (96) , 74
(48) , 59 (49) . The moleoular ion M (s72) loses CH,O* (2441) and CH_OH
(440) . Both these fragments eliminated CH,OH (409 and 408)., Highly ai-
gnificative ions 1 290 (M- nc-c'm-(cnz)s-cooms) , 258 (290 - CH_CH) ,
236 (1/2 M GHSOOC-(GHZ)G-GH(CN)-C}Iz-CH-CK-aE;) , 204 (236 - CH_OH) ,
183 (the protonated complementary ion of 290) and 151 (183 - CBSOH).
Pragments 74 (the Mo Lafferty rearrangement ion) and So (0530®+) are
typical of aliphatic methyl esters.

Methyl esters of s—cyano—10-methoxy-1i-dodecenocioc aoid and s-gyano-

12-pethoxy-trans—10~dodecenoio acid. (VII) and (VIII)
5 g of 34% bydrogen peroxide is added to 9.8 g, of oyolohexanone whi-

le the temperature is kept below 30° by intermittent ocooling., The mix-
ture is maintained at room temperature for 1 hour and then dissolved
in 75 ml, of methanol which contains 10 ml, of concentrated sulfurio

16
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acid. The solution is cooled at -5° and 5.4 g. of butadiene , 15 g.

of aorylonitrile , 1.2 g. of oupric sulfate pentahydrate are dissolved.
A solution of 15 g. of ferrous sulfate heptahydrate in soml, of me-
thanol is added dropwise with stirring in a nitrogen atmosphere at
~5-0% over a period of 1 hour ., After completion of the addition the
solution is stirred for 30 minutes and then poured into water s the
aqueous solution is extracted with ether . The ether extract is washed
with a solution of sodium bioarbonate and dried over sodium sulfate .
After removal of the solvent and excess cyclohexanone, the residue is
distilled to yield 1.3 g. of product boiling at 50-120°/1 mm, , 8.8 g.
of product boiling at 160-180°/1mm, and 0.9 g. of residue. The main
fraction is analysed by ge.l.0. at 160° , using a 2 m, x 3.5 mm, colum
packed with 1% SE 30 on Gas Chrom P silanized , Three compounds with
increasing retention times are present : VIIa (29%) , VIIb (20.2%)

and VIII (s0.8%) . These compounds are isolated by preparative g.l.c..
Anal. Calod. for 015]125!’03 t Cy 67.383 Hy, 9,433 N, 5,24,

Found for VIIa : C, 67.015 H, 9,373 Ny, S.20 ,

Found for VIIb 1 C, 67.473 H, 9,353 Ny, S.14

Found for VIII s C, 67.183 H, 9,293 N, 5.31 ,

The I.R. spectra of VIIa and VIIb are identical s 2250 om (cx),
1750 om | (CO) , 990 and 930 om ' (CH=CH,) . I.R. of VIII : 2250 om "
(CN) , 1750 om ' (CO) , 975 om ' (CE=CH trans).

N..R. of VIIa and VITb : CH.O at 3.2 J Gm), CE,00C at 3.65 $ (sm),
vinyl protons at $,20~5.70 J (3E) . N.M.R., of VIII s CHO at 3.2 S
(z8) , CH,00C &t 3.65 hY (3B) , vinyl protons centered at 5.63 8 (2H).
The M.S. spectra of VIIa and VIIb are practically identical and similar
to that of VIII 5 m/e (I%) for VIII s 267 (0.1) , 236 (4.5) , 204 (15),
183 (4) , 151 (19) , 8s (87) , 71 (100) , s5 (50) , 41 {42). The soar-
ce molecular ion (267) loses * OCH, (236) and CE_CE (235) . From the
236 ion loss of methanol ococurs (204) . Significative fragments are 3
183 ( NC~(CH,) ~COOCE,) , 151 ( 185 ~ CE.OH ) , s (*cnz-cn-m-caz-
~0cE,) , 71 (*cnz-cn-cx-ocns) due to previous shift of the double

17
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bond position , 55 which is derived from 85 by loss of CHZO as proven
by the appropriate metastable ion , and 41 derived from 71 by an analo-~
gous process

n/e (I%) for VIIa and VIIb : 267 (0.1) , 236 (0.8) , 235 (0.4) , 204
(6) 5 183 (5) 5 151 (147) , 85 (3) 4 55 (7+5) 4 41 (13) . The main fea-
ture of this spectrum is the great predominance of the 71 ionj it is
easily formed by the simple cleavage of the allyl C-C adjacent to the
carbon atom bearing the OCH3 group, These differ from their isomer VIII
in that, according to the structures, these compounds yield the scarce

85 fragment.

Methyl ester of s—~carboxy-10~hydroxy-i1-dodecencic acid- ‘-laotone.(IX)

The reaction is performed exactly as for the preparation of VII and VIII
with the difference that acrylic acid is used instead of acrylonitrile,
6.9 g« of product boiling at 170-5°/0.5 mm, is obtained. G.l.c.(using
the same conditions as for VII and VIII) shows 96% of IX ; a sample
purified by preparative g.l.c. was analysed,

Angl. Calod. for c“fizzo4 t Cy 66,113 Hy 8,72 ¢ Found s C, 66,023

Hy 8469 o

I.R. + 1780 cm ' (CO lactone) , 1750 om = (CO ester).

M.S, 3 m/e (I%) : 223 (18) , 222 (11) , 112 (100) , 74 (42) , s9 (29).
The molecular ion is missing and the fragments 223 (M - OCHS) y 222

(M - CHSOH) , 74 ( the Mc Lafferty rearrangement ion on the methyl
ester carbonyl group) and 59 ( CH3000+) are typical of methyl esters .
An abundant and significative ion is 112 due to loss of CHz'CH-(CH2)4—
--COOGH3 as a result of a Mc Lafferty rearrangement on the lactone car-
bonyl group.

Saponification of 2 g. of IX with sodium hydroxide in methanol produces
1.7 8« of the corresponding carboxylic acid , m.p. 96~7° (from ethyl
acetate~petroleum ether).

Anal. Calcd. for 015H O t C, 64,98; Hy 8.39 .Found : C, 64.963 H, 8.34

20 4
Acid equiv. Calcd., for C1SH2°O4 : 240, Found: at 20° 240 , at 100° 119,

18
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M.S5. & Pragmentation is very similar to that of IX . The highest mass
fragment is 222 (M - HZO) . The abundant and significative ion 112 must
have the same struocture as the corresponding fragment of IX .

Methyl ester of s-carboxy—10-hydroxy~10-phenylundecanoic acid- K—laotone
(x)

The reaction is performed as for the preparation of IX , using a-methyl-

styrene instead of butadiene : 9.6 g. of product boiling at 180-190°/

1 mm, is obtained . G.l.c. (using the same conditions as for IX) shows

that the sample contains 90% of the lacione X ; a sample purified by

preparative g.l.c. is analysed.

Anal).Calcd. for 019112604 8 Cy 71.67; Hy 8.,23.Found s C, 71.365 H, 8.43.

I.R. ¢t 1780 cm ' (CO lactone) , 1750 om @ (CO ester).

M.S. 3 m/e (T%) ¢ 318 (1) , 303 (15) , 300 (3) , 271 (10) , 105 (100) .

The molecular iom (318) loses CH» (303) and water (300)., The ion 271

is derived from 303 by loss of CHSOH +« The base peek at m/e 105 corre-—

sponds to benzoyl iom.

The corresponding acid , obtained from alkaline hydrolysis , melts at

83~4° ( from ethyl acetate).

Anal,Calecd, for cwnuo‘ s C, 71,023 H, 7.95. Found s C, 71,293 H, 7.95.

Acid equiv,Calod. s 304 , Found at 20° 304 , at 100° 150 ,

M.S. 1 The fragmentation pattern is similar to that of its methyl ester(X).
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