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ABSTRACT

Thereactions of higher monoolefins of industrial fractionsof C_-C,  and
C,.-C_. with O,0-dialkyl phosphitesin the presence of benzoyl peroxide
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were studied. On the basis of these studies, the technological method of
synthesizing o,0-dialkyl esters of mixed long-chain alkylphosphonic ac-
© 2007 Trade Sciencelnc. - INDIA

ids was developed.
INTRODUCTION

Numerousderivativesof phosphonicacidsareknown
to have aconsiderable commercia valueaswell asa
great variety of useful application. Organic phosphonic
acidsaswdll asther estersand saltshavefound an ex-
panding application asplasticizersfor many plasticsand
resins, oil [ubricant additives, corrosioninhibitors, sur-
face-activeagents, emollients, washing agents, wetting
agentsand detergents, dispersing agents, flameproofing
agents, bonding agentsfor asphalt, genera agricultura
and household chemical sincluding pesticides etci*2,
Homolytica phosphorylation of non-activated individua
lower aliphatic olefinsby acidic phosphitesare usualy
broadly used for preparing of organophosphorus com-
pounds contai ning the P-C bond formedin accordance
with anti-Markovnikow’srule9, O,0-Diakyl esters
of long-chain a kyl phosphonic acidswere previoudy
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synthesized by radical addition of O,0-diakyl phos-
phitesontoindividual higher a-olefinsof C -C, inthe
presence of di(t-butyl)peroxide*12, Non-terminally
substituted O,0-dimethyl akyl phogphonateshave been
prepared by thereaction of individua interndly unsat-
urated hydrocarbons of C -C,, with O,0-dimethyl
phosphitein the presence of organic peroxides*®. How-
ever, the chemical behavior of O,0O-diakyl phosphites
remai ned unstudied toward the complicated mixtures
of variousstructure ol efinsof industrid fractionsof C -
C,andC,-C,. Consequently, inthisarticle, an effi-
cient method is presented for the synthesis of O,0-
diakyl estersof mixed long-chain akyl phosphonic ac-
idsdirectly fromhigher industrid olefins.

EXPERIMENTAL

The*PNMR spectrawererecorded withaBruker
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CXP-100(36.47MHz) ingtrument. The'H NMR spec-
traweretaken on aBruker M SL-400(400MHz) spec-
trometer and an Avance-600(600M Hz) spectrometer
in CDCI,. The *C NMR spectra were run on an
Avance-600(100.6MHz) spectrometer in CDCI... The
IR spectrawereobtained with aBruker Vector 22in-
frared spectrometer. Mass spectrawere determined on
aTurbomass Gold Perkin EImer chromatomass spec-
trometer, Finnigan MAT-212 spectrometer(60eV),
TRACE MS Finnigan MAT(70eV) and laser mass
gpectrometer Dynamo Finnigan(method MALDI TOF
with precession values of mass peaks). GC analyses
were performed on aTurbomass Gold Perkin Elmer
chromatomass spectrometer.

Olefinsof industrid fractionsof C -C (TU 2411-
067-05766801-97) and C,-C,(TU 2411-068-
05766801-97) were obtained from Join Stock Com-
pany “Nizhnekamskneftekhim”(Russia) and dried with
CaCl,. O,0-Dimethyl phosphite(TU 2435-430-
057663441-2004) was purchased from join stock com-
pany “Khimprom”(Novocheboksarsk, Russia) and
used without further purification. O,0-Di-iso-propyl
phosphite was prepared according to literaturel.
Commercid availablebenzoyl peroxidewasused with-
out purification.

Reaction of olefinsof fraction of C -C . (1a-c) with
0O,0-dimethyl phosphite (3a) in molar ratio 1:1.
typical procedure

Themixture of (1a-c)(15.0g, 62.9mmoal), 3a(6.5
g, 59.1 mmol) and 4(0.4g, 0.8mmol) wasstirred at 135
140°c for 3h. The mixture was diluted with 10mL of
Et,O and washed by third portions of 25mL of water.
Organic layer was separated and dried with CaCl, for
~12 h. Themixturewasfiltered. Thefiltratewasevapo-
rated at reduced pressure(0.5mm Hg) at 40°Ccfor 1 h
andat 0.06 mm Hgat 40°C for 1 hto give 16.4 g(81%)
of crude (5a-d). Pure (5a-d)(13.8g, 67%) was iso-
lated fromtheresdueby meansof afdling-filmdidtilla
tion at 100-110°C(0.02 mm Hg) and then distilled in
vacuum with bp 110-115°C(0.05 mm Hg)(See
TABLES3-8).

Crude products(5a-d) wered so obtained smilarly
by thereaction of (1a-c) with (3a) inmolar ratio 1:2in
the presence of benzoyl peroxide (4)(SeeTABLE 3)
withthe use of benzene(70mL ) instead of Et,O.
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Products (6a-d) were obtained similarly(See
TABLES3-7), however, without water washing.

Products (7a-d) and (8a-d) were obtained simi-
larly (See TABLES 3-8) with water washing, however,
without use of asolvent. Crude (8a-d) were chromato
graphed on asilicagel column with ethyl acetate as
eluent toyield pure (8a-d).

RESULTSAND DISCUSSION

Takinginto account the rather complicacy of con-
tent of industrid fractionsof higher olefins, wehaveini-
tidly studied the content and structureof industrid frac-
tionsof C -C  and C,-C,, used inthiswork by *H
NMR and mass spectral methods and GC analyses.
Thus, the™H NM R spectrum of olefinsof industrid frac-
tion of C -C . (1a-c) in CDCI, solution shows four
groupsof sgnasof vinyl protonsof three specimensof
olefins. A singlet at 6 4.76ppm attributed to two vinyl
protonsH,C=C(CH,)R at C-1 atom of 2-methyl sub-
stituted a-olefins (1a). t-Vinyl proton at C-1 atom
H(H)C=C(H)R of non-branched a-olefins (1b) gives
adoublet at 5 4.98ppm(®J,,,10.2Hz), whereasadou-
blet at 6 5.05ppmisduec-vinyl proton H(H)C=C(H)R
of (1b)(*J,,,16.9Hz). At 5 5.87ppmissituated amul-
tiplet of thevinyl proton at C-2 atom of the C=C bond
of linear a-olefins(1b). Two vinyl protonsat both C-1
and C-2 atomsof C=C bond of olefins(1c) containing
theinner C=C bond gppear asasmdl intensity charac-
teristicmultiplet at 6 5.47ppm. Ontheintensitiesof vi-
nyl protonsit was established that industria fraction of
C,-Cgincludesisomeric o-olefins (1a) 25.6%, linear
a-olefins (1b)-61.6% and inner unsaturated hydrocar-
bons (1¢)-12.8%. Thus, on thebasisof *H NMR spec-
trd datathegenera content of a-olefinsof C ;andC
inthefractionof C -C ,is87.2%including 1-alkenes
of linear and branched structure.

CH3

CH3'(CH2)n-J::CH2 CH3(CH,),-CH=CH,
n=12,14 n=1315
(1a) (1b)
CH3(CH,)CH=CH(CH,),CH4

(C16:C1g)
(1)
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TABLE 1: Thecontent of olefinsof thefraction of C -C  on
thebasisof GC and chr omatomass spectra

Number The Retention The -
of peaks time. min content,  Theappertaining
bush ' %
1 Cs 9.67 4.2  7-Methylenepentadecane
2 Cs 9.75 3.7  2-Methyl-1-pentadecene
3 Cis 10.03 88 Methyl substituted 1-
pentadecene
4 Ci 10.16 32.3 1-Hexadecene
5 Ci 10.27 5.8 7-Hexadecene
6 Ci 10.40 2.8 3-Hexadecene
7 s 12200 71 M e”;]ye'pia‘dbztc';feed 1
8 Cs 1211 3.9  2-Methyl-1-heptadecene
Methyl substituted 1-
9 Cis 12.35 9.4 heptadecene(isomer)
10 Cis 12.44 14.7 1-Octadecene
11 Cis 12.55 5.2 5-Octadecene
12 Cig 12.68 2.1 9-Octadecene
Inall 100.0

Wehavefound that olefinsof industrid fractionsof
C,C,andC,-C, involveinexclusively even num-
ber of carbon atoms. GC-chromatomass spectra of
olefinsof fractionof C .-C  reved two bushesof pesks
with retention times of 9.67-10.40 and 12.01-12.68
min belong to unsaturated hydrocarbonsof C .and C
respectively(TABLE 1). Theappertainingof GC peaks
obtai ned was carried out on the basis of Perkin Elmer
€l ectronic chromatogram and mass spectral library. It
was established that general content of a-olefinsof C
is44.8% involving 32.3% of 1-hexadecene, 3.7% of
2-methyl-1-pentadecene and 8.8% of methyl substi-
tuted 1-pentadecene(no site of situation of methyl group
determined). Four peaksof a-olefinswerefoundinthe
bushof C_, that correspondsto 35.1% with respect to
genera content of a-olefins. a-Olefinsof C involve
14.7% of 1-octadecene and 20.4% of three methyl
substituted 1-heptadecenes including 2-methyl-1-
heptadecene. Thus, thegeneral content of o-ol efins of
C,andC inthefractionof C -C , is79.9%. Taking
into account 4.2% of 7-methylenepentadecane, the
general content of o-olefinisincreased to 84.1%. On
the other hand, 3- and 7-hexadecenesasolefinsof C
with theinner C=C bond areincluded in thefraction of
C,-Cintheoveral quantity of 8.6%, whereasthe
mutual content of 5- and 9-octadecenesasinner unsat-
urated hydrocarbons of C_ is no more 7.3%. Thus,
thegeneral content of olefinsof C , and C , withthe
inner C=C bondinthefractionC -C ,is15.9%.

The content, massdistribution and appertai ning of

—= Full Paper

TABLE 2: Thecontent of olefinsof thefraction of C,-C, on
thebasisof GC and chromatomass spectra

The Reten- The Found
Number Lo -
of peaks GC tion t_|me,content, peaks The appertaining
bush  min %
m/z
1 Co 14.06 55 280 2-Methyl-7-nonadecene
2  Cp 1410 40 280 nonjdg/'ogtng: SZ)mer)
3 Co 1418 3.0 280 2-Methyl-1-nonadecene
4 Cp 1441 72 280 371;;?\2;(;3@2““ )
5 Cxo 1447 6.3 280 1-Eicosene
6 Cxo 1451 15 280 Unidentified
7 Cyxo 1456 26 280 5-Eicosene
8 Cxo 1470 16 280 9-Eicosene
9 C» 1595 83 308 2-Methyl-1-uncosene
10 C» 15.99 38 308 2-Methyl-7-uncosene
11 Cp 1607 22 308 2-Methyl-7-
uncosene(isomer)
12 C» 16.28 55 308 9-Methyl-1-uncosene
13 Cx 1633 3.7 308 1-Docosene
14 Cxp 1641 1.6 308 5-Docosene
15 C» 16.55 0.9 308 9-Docosene
16 Cx 17.68 6.6 336 2-Methyl-1-tricosene
17 Co 1773 25 336 2-Methyl-7-tricosene
18 Cx 1780 11 336 triczos'\gne;zﬂolm )
19  Cu 1799 31 336 Methyl substituted 1-
tricosene
20 Cos  18.03 17 336 1-Tetracosene
21 Cx 1810 0.8 336 5-Tetracosene
22 Ca 1825 06 336 9-Tetracosene
23 Cyx 19.27 9.3 364 2-Methyl-1-pentacosene
24 Cyx 19.33 1.2 364 2-Methyl-7-pentacosene
25 (% 1940 06 364 10-Methyl-2-
pentacosene
26 Cyxs 19.58 1.2 364 9-Methyl-1-pentacosene
27  Cx 1961 06 364 9-Methyl-1-
pentacosene(i somer)
28 (i 2075 66 392 Methyl subsiituted
heptacosene
29 Cx 20.89 03 392 Unidentified
30 Cx 20.95 04 392 Unidentified
31 Cp 21.05 05 392 Unidentified
32 Cxp 2214 33 420 A triacontene
33 Czx 2343 13 448 A dotriacontene
34 Cas  24.65 0.6 476 A tetratriacontene
In all 100.0

olefinsinvolvedinthefractionof C, -C  (2a-c) issum-
marized in TABLE 2. It should be emphasi zed that the
fractiontrademarked asC,, -C,, mostly consistsfrom
theolefinsof C, (theoverall consist of C,is31.7%),
C,,(26.0%), C,,(16.4%) and C, (12.9%) involving
C,,(7.8%), withmorethan half of unsaturated hydro-
carbons(57.7%) being the olefins of C,,and C,, in
summa. Onthebasisof GC, 8 pesk busheswerefound
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inthefractionof C,-C... Inthefraction of C,-C the
most of a-olefinswere established to be 2-methyl sub-
stituted branched 1-alkenes such as 2-methyl-1-
nonadecene, -uncosene, -tricosene and pentacosene(in
generd of ~35%). Such a-olefinsof linear structureas
1-eicosene, 1-docosene and 1-tetracosene are Situated
ingenerd quantity of 11.7%inthefractionof C,-C,.
Thegenera content of inner unsaturated hydrocarbons
of branched(mostly methyl substituted) and linear
structure(such as 2-methyl-7-nonadecene, 2-methyl-
7-uncosene, 2-methyl-7-tricosene, 2-methyl-7-penta:
cosene, 5- and 9-eicosenes, 5- and 9-docosenes and
5- and 9-tetracosenes) reachesto ~28%. Thus, indus-
trid fractionsof olefinsof C -C  and C,-C, mostly
involvein 2-methyl subgtituted o-olefins(1a) and (2a)
and linear a-olefing(1b) and (2b). Minor amounts of
gpatidly hindered olefinswithinner C=C bond (1c) and
(2c) seemto possesslow reactivity with respect to O,0-
diakyl phosphites.

It should be expected that complicacy of content
of industrid fractionsof olefinsof C -C and C,-C,,
canleadtointricate mixture of theaddition products of

e

CH3(CH,),-C=CH,  CH3(CHy),-CH=CH,

n=16,18,20,22 n=12,19,21,23
(24) (2b)
CH3(CH ) CH=CH(CH)mCH4

(C20,C22,C24,C2)
(20)

O,0O-dialkyl phosphitesinto the C=C bond. Wewere
deciding for use effectively method of promoting of
addition reaction of O,0O-dialkyl phosphiteswith non-
activating olefinsby involving benzoyl peroxide. Indeed,
thereaction of olefinsof industrid fractionsof C -C
(1a-c) and C,-C, (2a-c)with O,O-diakyl phosphites
(3a,b) inmolar ratio 1:1in the presence of benzoyl per-
oxide (4) hasbeen shown to bring about theformation
of O,0-diakyl estersof long chain alkylphosphonic
acids(5a-d), (6a-d), (7a-d) and (8a-d) asamixture of
homologues and isomers at 125-140°C for 3-12
h(TABLES3-8).

It should benoted that theinitia O,0O-didkyl phos-
phites(3a,b) aregood dissolved in water. That iswhy

CH; O
CH3 O > CH3(CH2)nC|_||-CH2p3(OR)2
CH3_(CH2)n-£:CH2 (RO),PH (5a,6a,7a,8a)o
(1a,2a)
(3a.0) CH4(CH,),CH,CH P(ﬂ)R)
- CH= 3 nH2LH, 2
CH3(CH12;“2C;H CHz PhC(O)OO(0)CPh (5b,6b,70,8b) O
, I
4
CH3(CH,)CH=CH(CH,)MCHjy CH(CH ) CH,-C P(OR),
(1c,2¢) (5¢,6¢,7¢,8¢) (CH2)mCH3
ﬁ +
L . (ROXP~ (1 CHy(CHmCHa
R=Me(2a,5a-d, 6a-d), Pr-i (2b,7a-d,8a-d); CH3(CHo)
n=12,14(5a,7); 13,15(5b,7b); 16,18,20,22(6a,8a); 17,19,21,23(6b,8p)  (5d.6d.7d, 8d)
TABLE 3: Experimental dataand yieldsof the productsobtained
Initial compounds quantity(g(mmal)) Reaction conditions temp.(°C)/Time(h) Product yield(g(%))

3a 6.5(59.1)/1a-c 15.0(62.9)/4 0.4(0.8)

3a’ 87.3(793.6)/1a-c 100(419.5)/4 0.9(3.7)
3a 4.5(40.9)/2a-c 13.2(40.9)/4 0.2(3.7)

3b 17.6(106.0)/1a-c 25.3(106.1)/4 4.8(19.8)
3b 7.7(46.7)/2a-c 15.0(46.5)/4 1.0(4.1)

135-140/3 5a-d 16.7(81)"/13.8(67)°

120-130/3 5a-d 120.5(87)"
130-140/10.5 6a-d 11.6(66)"
135-140/10 7a-d 31.4(73)%24.4(57)°
135-140/12 8a-d 14.0(62)" '

aYield of crude products, ®Yield of products isolated by means of a thin layer distillation, ¢Yield of product isolated by vacuum
distillation, 9ln molar ratio of la-c:3a as 1:2, ¢Yield of product isolated by vacuum evaporation(0.06 mm Hg) of non-reacted olefins,

Products were purified by column chromatography
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TABLE 4: Physical, analytical and 3P NM R spectral dataof productsobtained
B.p.(°C) np® d,*
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Molecular formula Found/(calc.), *P NMR 8ppm

Prod. (mm Hg)*m.p(°C) (mol. mass) %P (ratio)
s ] — Cratss0sP(334.4) 9.27] 33.8, 35.0, 37.1
S 110-U5(005)71520 14659 09945 a0y 025855 (iaan
CsHarO5P(390.4)
CraHe O5P(418.5) 6.72/ _
6a-d 170(0.02) 14628 0088  CMIECeD Gosesy 593412510
CosHesOsP(474.4)
! CsHarOP(390.4) 7.63/ 20.3,30.0, 314,
7a-d 170-180(0.02) 1.4580 CraHes1O5P(418.5) (7.937.40)  318(80:5:7:7)
CasHesOsP(474.6)
e CaoHesOsP(502.6) 6.16/ 28.7,30.2, 33.2
8a-d 14399 CaoHerO5P(530.6) (6.53-554)  35.4(3:20:76:10)
CasHmO4P(558.7)

aTemperature of thermal element of a thin layer distillation apparatus, "Bp of vacuum distillation, °GC retention time, min: 15.88-

19.18, “Kinematic viscosity n®, aSt: 17.88, °R, 0.74(AcOEt), ‘GC retention time, min: 12.78-16.91

TABLES: IR spectral dataof the productsobtained
Product v, em?

2940, 2925, 2854 v(CH3 as, s; CH, as, s); 1464
8(CHz as), 8(CH,); 1378 5(CH3s); 1199
v(P=0); 1034 v[(P)O-C)]; 995 v(OC-C); 842
v(PO; as, s).

2924, 2853 v(CH; as, s; CH, as, ); 1464
8(CHs as); 8(CHy); 1378 8(CHss); 1203
v(P=0); 1052 v [(P)O-C)]; 989 v(OC-C); 888
v(PO; as, 9).

2940, 2926, 2854 v(CH3 as, s; CH, as, s); 1464
8(CHz as); 8(CHy); 1380 8(CH3s); 1247
v(P=0); 1008 v[(P)O-C)]; 983 v(OC-C); 891
v(PO, as, s).

2940, 2926, 2855 v(CHs as, s; CH, as, s); 1466
8(CHz as); 8(CHy); 1374 3(CH3s); 1242
v(P=0); 1009 v [(P)O-C)]; 984 v(OC-C); 894
v(PO; as, 9).
we have used thewater washing of crudereaction mix-
turesfor theremoving of non-reacted amountsof (3a,b).
An organic solvent has often used so that destroy an
emulsionformed. Onthebasisof GC, IR and *'P, *H
and C NMR spectroscopy(TABLES4-8), it wases-
tablished that the products (5a-d), (6a-d), (7a-d) and
(8a-d) wereformed in high purity after water washing,
drying with CaCl,, and vacuum evaporating that in-
creased thetechnol ogical level of method devel oped.
These compoundsdo not requiring further purification

by vacuum ditillation for they tofind practical use.
The products (5a-d), (6a-d), (7a-d) and (8a-d)
wereobtained in rather high yid ds(62-81%)(TABLE
3) beforethe purification by vacuum distillation. To
obtain ana ytically pure specimens of (5a-d), (6a-d),

5a-d

6a-d

7a-d

8a-d

TABLE 6: *H NM R spectral dataof theproductsobtained

Product CDCls, 8, ppm, J, Hz
0.88(t, 3H, CH3CH2CHa, 331 7.0); 1.27 [broad s,
C(CHy)nC); 1.37[d, 3H, CHzC(H)P]; 1.62(m, 2H,
PCH,CH,CH,); 1.74(m, 2H, PCH2CHy); 1.96(m,
1H, PCHR;]; 2.04(m, 2H, PCH;
3.64[m,(CH30)PCHR;]; 3.73 and 3.74 [two d,
6H,(CH30)2P, 3 10.71 and 3Jp 10.98].
0.83(t, 3H, CH3CHp, 3Juy 7.0); 1.27 [broad s,
C(CH)rC)]; 1.38(d, 3H, CHsC(H)CHP); 1.59(m,
2H, PCH,CH>CHy); 1.92(m, 2H, PCH,CHy>);
1.99(m, 2H, PCH,CHy); 3.71 [d, 6H,(CH50)2P, 3
11.0]; 3.74 [d, 6H,(CH3z0)2P, Jpn 11.0].
0.85(t, 3H, CH3C, 3} 6.5); 1.23 [broad s,
C(CHo),C]; 1.27 {d, 12H, [(CHz)2CHO]2P, 3
5.8}; 1.45(m, 2H, PCH,CH,CHy); 1.50(m, 2H,
PCH,CHy); 1.97(m, 2H, PCH,CHy>); 2.34(m, 1H,
PCH2CH(CH3)CH2); 4.66 { m, 2H, [(CHg)chO] zp} .
0.80(t, 3H, CHaCH,CHa, *Jun 7.0); 1.18 [broad s,
C(CHy)nC]; 1.22(d, 12H, [(CH3)2,CHO]2P, 33y 6.2);
1.30(m, 2H, PCH.CH2CH>); 1.54(m, 2H,
PCHCHy); 1.94(m, 2H, PCH,CH,); 4.59(m, 2H,
[(CH3).CHO]2P).

(7a-d) and (8a-d) they werefurther isol ated by means
of afdling-film digtillation and thenvacuum distillation.
After removing of olefin admixtures the products
(5a-d), (6a-d), (7a-d) and (8a-d) were solidified as
whitewax-like substanceswith lower meting points.
The*PNMR spectraof(5a-d), (6a-d), (7a-d) and
(8a-d)(TABLE 3) reved afew singletsintheregion of
8, 28-37 ppminthepracticaly sameregion asobserved
in other phosphonateswith the structural fragment C-
P=013, |n the 3P NMR spectrum of crude (5a-d)
dotaired in the reaction of alefins of fractianof C-C
(1a-c) with O,0-dimethyl phosphite (3a) after water
washing therearethreesinglet signalsat 6, 33.8, 35.0

5a-d

6a-d

7a-d

8a-d
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TABLE 7: ®C NM R spectral dataof theproductsobtained®

Product CDCl3, 8, ppm, J, Hz
14.1[s(q) CH5CH,, 3y 124.4]; 22.5[s(d)
PCH,CH,, 2Jc 8.0]; 22.8 [s(t) CH3CH,, *Jic
124.4]; 24.8 [d(m) PCH,CH,, *Jc 139.9]; 26.3
[d(m) CH5CH,CH,P, *Jpc 7.7]; 26.8[d(m)
PCH,CH,CH,, 3Jc 7.7]; 29.4[d(m)
PCH,CH,CH,, “Jc 9.4]; 29.5 [S(t)
CH3CH,CH,CH,, *Jyc 124.4]; 29.85[broad s(t)
CCH,C, "¢ 124.4]; 32.1 [s(t) CH3sCH,CH,,
13yc 124.4]; 33.5[d(m) PCH,CH, *Jsc 140.0];
34.1 [d(m) PCH,CH, 2Jc 17.4]; 34.6[d(m)
PCH,CHCH,, 3Jc 9.0]; 51.4 [m(m) POCH3];
52.2 [d(d.q) POCH3, *Jyc 147.2, 2Jpc 27.6].
13.7[s(q) CH3CH,CH,, *3uc 124.7]; 22.3[(t)
CH3CH,CH,, "¢ 124.7]; 23.67[S(t)
CH3CH,CH,P, “Jc 126.1]; 23.69 and 23.73
[two S(two t) [(CHz),CHO].P, *Jyc 127.4]; 26.7
[d(m) PCH,CH,, "Jpc 142.0, *Jyc 127.4]; 29.4
[broad s(t) CCH,C, “Jyc 124.7]; 31.6 [S(t)
CH5CH,CH,, *Jyc 127.4]; 33.3[d(m)
PCH,CHCHj, 3¢ 138.0]; 69.3 {d(d.d)
[(CH3),CHO],P, *Juc 149/9, 23pc 7.3}.
13.7[s(q) CH3CH,CH,, "¢ 124.7); 22.3 [s(t)
CH3CH,CH,, "¢ 124.7]; 23.67[S(t)
CH3CH,CH,P, “Jc 126.1]; 23.69 and 23.73
[two S(two t) [(CHz),CHO].P, *Jyc 127.4]; 26.7
[d(m) PCH,CH,, Jc 142.0, *Jyc 127.4]; 29.4
[broad s(t) CCH,C, “Jyc 124.7]; 31.6 [S(t)
CH5CH,CH,, 3y 127.4]; 33.3 [d(m)
PCH,CHCHj, 3¢ 138.0]; 69.3 {d(d.d)
[(CH3),CHO].P, “Jyc 149.9, 23pc 7.3}.

5a-d

7a-d

8a-d

3(1C-{*'p}) spectra, signal form in the ®*C-{*H} NMR spectrum
was brought in braces

TABLE 8: Massspectral data of theproductsobtained
Product? i-C4H 10, m/e(l 4, %)
Sa-d  334.4[M]"(18); 362.4[M]"(14).
sad 390.3[M]:'(2), 418.3[M]*(3), 446.3[M]™(3),
474.4IM]"(2).
7a-d  391.439[M]*(46), 418.171[M]*(34).
8a-d  475[M]"(2), 503 [M]"(2).
and 37.1ppminratio 12:84:41(on the basis of signal
integral intensities). Itisof interest that the*!PNMR
spectrum of (7a-d) prepared by the reaction of O,0-
di-isopropyl phogphite(2b) witholefins of fraction of
C,C (1a-c) show four singletsat 8, 29.3,30.0, 31.4
and 31.8ppminratio 80:5:7:7. Theseresonancesare
shifted toward highfid din comparisonwiththe!PNMR
dataof (5a-d).

In the *H NMR spectra(TABLE 6) of purified
(5a-d), (6a-d), (7a-d) and (8a-d) novinyl protonsignds
of initial olefinsintheregion of 64.76-5.88ppmwere
practically detected. On the basis of the 'H NMR
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spectra, adducts(5a,b), (6a,b), (7a,b) and (8a,b) were
formed in accordancewith anti-Markovnikow’srule
aswell asother radical addition of acidic phosphites
into non-activated olefins with the inner C=C bond
(19, The'H NMR spectrum of 6a-d in CDCI, solution
showstwo doubletsat 5, 3.71 and 5, 3.74ppm of the
methyl protons of the(CH,O),P group(®J,,, 11.0Hz).
Two small intensity multipletsat 64.66 and 4.59ppm
theH NMR spectraof (7a-d) and (8a-d) wereassigned
to the methine protons of two iSo-propoxy groups at
the phosphorus atom POCHC,,. The *C NMR spec-
trumof (5a-d) inCDCI, solution(TABLE 7) revedsa
doublet a 24.8ppm of two protons of methylenegroup
athephosphorus atom PCH,CH, (],  139.9HZ) that
indicates about the addition of the phosphoryl fragment
into theterminal carbon atom of the C=C bond of a-
olefins (1a) and (1b). In the case of non-terminally
subgtituted adducts 5c¢,d, (6¢,d), (7c,d) and (8c,d), itis
difficult to exactly establish site of addition of the
phosphoryl group into theinner C=C bond of olefins
(1c) and (2¢).

The electron impact mass spectrum of (5a-d)
(TABLE 8) exhibits the mass peaks m/e 334.4 and
362.4 that being attributableto themolecular iong M]*
of twospedimensof 5 formed from the olefins of Cg
and C,(cadculated M: 334.4 and 362.4, respectively).
Precession values of mass peaks m/e 391.439 and
418.171 wereattributed to themolecular iong M]* of
7a-d obtained by addition reaction of olefinsof C,,
and C,, with O,O-di-iso-propyl phosphite(2b)
(caculated M: 390.4 and 418.5, respectively).

Broad bandsof largeintendity presentedat v 1185-
1247citinthelR spectraof(5a-d), (6a-d), (7a-dO
and(8a-d)(TABLE5) areduetothevaencevibrations
of theP=0 bond. Symmetric and antisymmetricvalence
vibrationsof the PO, group appear asbands of medium
intensityatv 808-891cr.

When 2-fold excess of the initial O,0O-dimethyl
phosphite (3a) wasinvolvedinthereaction mixturewith
olefins(1a-c), theyield of (5a-d) isincreased to 87%
(TABLE 3). Theoptimal reaction conditions (reaction
timeand temperature) weredetermined by the!PNMR
spectroscopy. Products (5a-d), (6a-d), (7a-d) and
(8a-d) wereformed up to 70-75% in theduring of 3h.
Thefurther heating of thereaction mixturesup to 9-10
h results in the increasing of the yields of (5a-d),

A udéan Journal



CTAIJ, 2(3) December 2007

Ilyas S.Nizamov et al.

113

(6a-d), (7a-d) and (8a-d) to 4-6%. When the prolonging
heating of the reaction mixturesmorethan 16 hwere
performed, the decreasing of yields of products(5a-d),
(6a-d), (7a-d) and (8a-d) and partialy decomposition
of initid phosphites (2a,b) wereobserved. Onthebasis
of kinetic study and the 3P NMR spectra it was
established that products(5a-d) wereinitidly appeared
inthereaction mixture of O,0-dimethyl phosphite(3a)
with olefins(1a-c) at 110°C. No reaction isobserved
below 110°C. Thisreactionis mostly completed for
30minat 130°C. Thus, very thin temperatureregion of
135-140°C was established that |eads to maximum of
product yields.

COCLUSIONS

Thus, it was shown that one of the efficient ap-
proachesof utilization of higher olefinsof indudtrid frac-
tions C -C . and C,-C,, as waste materials of
olygomerization of ethyleneinvolvesdevel opment of
convenient methodsof their phosphorylation by use of
O,0-didkyl phosphites. Thephosphorylation of higher
olefinsseemsto bereadily monitored by spectrd means
especidly by *PNMR. Advantages of method devel -
oped may be ecologicaly pure processes of manufac-
turing of non-toxic phasphorylated products possessed
propertiesof practica use(sted corrosoninhibitors, fire-
proof agents, plasticizersin food polymer films, sur-
face-active agentsetc).
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