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TELOMERIZATION OF BUTADIENE AND ISOPRENE 

WITH SULFONES CONTAINING ACTIVE METHINE 

AND METHYLENE GROUPS, CATALYZED 

BY PALLADIUM COMPLEXES 

G. A. Tolstikov, O. A. Rozentsvet, 
R. V. Kunakova, and N. N. Novitskaya 

UDC 542.97:66.095.2 : 
547.315.2 

Synthesis involving sulfones have acquired g rea t  impor tance  in the c h e m i s t r y  of alkenes in recent  y e a r s .  
Special in te res t  l ies  in sulfones as convenient  s t a r t i n g m a t e r i a l s  f o r t he  p repa ra t ion  of polyenes including c a r o t e -  
noids, juvenoids,  and other  biological ly significant compounds [1-5]. 

In a s ea rch  for  convenient pathways for  the synthes is  of compounds which hold potential  in te res t  as p r e -  
c u r s o r s  for juvenoids and pheromones, we studied the catalytic telomerization of 1,3-dienes with sulfones. 
Bispheuylsulfonylmethane as well as esters and amides of arylsulfonylacetie acids react with butadiene to 
form mono- or bis-2,7-octadienyl derivatives [6-8]. This study was carried out for the reaction of butadiene 
and isoprene with p-sulfonoesters (I)-(IV), fi-ketosulfones (V), and p-toluenesulfonylnitromethane (VI) ('Fable I). 
A PdCl 2- ,(Ph~P)2-PhONa system was used as the catalyst. This system has high activity relative to the telo- 
merization of dienes with fl-dicarbonyl compounds [6]. 

Both aryl- and alkylsulfonoesters readily react with butadiene to yield monoalkylation products (VII) with 
yields up to 85~0 (Table 2). Their structure as 2,7-octadienyl derivatives was shown by spectral methods and 
chemical conversions (Table 3) 

~\/2 CO~R '~ 
: RSO~CH(R')C%R" �9 ~ ~ . / N / % J % /  

PdL / / ~  
(I a--iS SO~R R' 

" (VII a--h)  
R=p-CH3C6H~, R '~H.  R"=Me (a); R,=p-CHsC~H 4, R ' ~ R " = M e  (b); R-~Ph, 
R '=Pr ,  R"=Me (c); R=Et ,  R ' = H ,  R =Me (d); R=n-Bu, R '=H,  R"=Ef  (e); 
R=~Top.Bu, R =H,  R"=Et  (f); R = E t ,  R ' = R " = M e  (g',); R=Et, .  R =Pr ,  
R" = Me (h). 

Sulfonoester  (VIlh) upon epoxidation by p -ca rbomethoxyper~enzo ic  acid (CPA) yields  dioxide (VHI), while 
its oxidation with a tmosphe r i c  oxygen by the  action of a p a l l a d i u m - c o p p e r  ca ta lys t  according to Clement  and 
Selwitz [10] led to ke toes t e r  (IXh). T e l o m e r s  (VIIa) and (VIIg) a re  oxidized under analogous conditions to ke to-  
e s t e r s  (IXa) and (IXg) in a lmost  quanti tat ive y ie lds :  

0 
(wI~) cPA_. ~ C O ~ M o  

C3tt 7 SO2C2H5 
(u 

Institute of C h e m i s t r y ,  Bashki r  Branch,  Academy of Sciences of the USSR, Ufa. Trans la ted  f r o m  Izves t iya  
Akademii  Nauk SSSR, Seriya Khimicheskaya ,  No. 3, pp. 589-597, March,  1983. Original a r t i c le  submit ted March 1, 
1982. 
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(VII'a, g,h) - -  
PdCh/CuCl 
0~, DMF 

0 
II C0~Me 

* / N , / ~ / ~ / z  ~ (IXa, g,h) 

R '  SO~R 

The reac t ion  of e s t e r  (II) with butadiene led to two compounds,  one of which is a s y m m e t r i c a l  t e l o m e r  
(X). The PMR spec t rum  of {X) is in full accord  with this s t ruc tu re .  This s p e c t r u m  displays  a na r row singlet  
at 6 3.75 ppm (CH3-O), t r ip le t  at 2.75 ppm (CH2-C =), mult iplet  at 6 4 .15ppm (CH-SO~) and a group of olefin 
proton s ignals  at 4.70-5.80 ppm in 6 : 4 : 2 : 1 0  intensi ty ra t io .  The PMR spec t rum of the second compound has 
two methoxyl  pro ton  s ignals  of equal intensi ty  at 6 3.67 and 3.70 ppm. The ra t io  of the methoxy and olefin 
protons  is 6 :15 .  There  a re  two s ignals  at 2.60-2.75 ppm which cor respond  to six allyl  p ro tons .  The mult iplet  
centered  at 4.70 ppm cor re sponds  in intensi ty  to one C H - S O  2 proton.  Hence, the second t e lomer i za t i on  p rod-  
uct (XI) is fo rmed  as a r e su l t  of the par t i c ipa t ion  of six butadiene molecules  in the reac t ion  

o o 
�9 

/ (II) (X) C02Me 0 

CO,Me 
I 

0 C ( / % . / N / ' ~ ) ~  
% /  

+ S 

o/ /  XCH___ /%/~ / " , / ,  (xI) 
( 

C0~Me 

Sulfone (IiI) obtained by the addition of thioglycolic  acid to 3-sulfolene wi~h subsequent  oxidation of adduct 
(XII) by hydrogen peroxide  r eac t s  with excess  butadiene to give an 85% mix ture  of mono-  and b i s -oc tad ieny l  
de r iva t ives  (XII) and (XIII) in 6 : 4  ra t io  

S COsH 

~ S  / HSCH2CO2H. ~SS/ 

i N  / % 0  o o o 

i. I~20a 
2. MeOLI, H+ 

0 
" / ~  N/C02M~ 

Y 

II I1 . . 

we should note that b i s -oc tad ieny l  compounds are  fo rmed  in all ca ses ,  in which the reac t ing  sulfone has 
a methylene group.  It is imposs ib le  to p revent  t he  accumulat ion of the exhaust ive Mkylation product  even by 
l imi ta t ion  of the amount of butadiene introduced.  Never the less ,  the yields of the b i s -oc tad ienyt  de r iva t ives  in 
the p r e sence  of excess  butadiene d i f fer  cons iderably  and depend on the C - H  acidity of the s ta r t ing  sulfone. In 
pa r t i cu l a r ,  the ma rked  dependence of the reac t iv i ty  on C - H  acidity is seen  in the reae t iv i ty  of the ketosulfones .  
Thus,  l e s s  acidic p- to ly lsul fonylacetone  (VII) gives a lmos t  exclus ive ly  sulfonoketone (XV) while a lkylsulfonyl-  
ace tones  (Vk, i) r e ac t  with four  butadiene molecu les  to give ketones (XVIk, 1). Nitrosulfone (VD which has high 

0 

o I * ~ ~ / ~  
RSO~CH~C[ICH8 J\/J~l R=AIk (XV) SOlaR 

(v (j, k, l ) 
1 

o 

1~ = p-CHaCeH, (j), Et (k), HC6H~ (l). (XVIk, t) 

C--H acidi ty a lso  f o r m s  the b i s -oc tad ienyla t ion  product  (XVII) 
NO2 

/ 
p-CHaCaH4SO~CH2N02 -~ ( ~ ' ~ A / ~ A ) z C  

(VI) (XVII) \SO~C6H4CHs-p 
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We should s t r e s s  that the reac t ion  cannot be stopped at the mono te lomer  even when using only two m o l a r  
equivalents  of butadiene.  

In o rde r  to obtain higher  sulfones containing seve ra l  double bonds, we c a r r i e d  out the reac t ion  of butadiene 
with sn l fonoes te r  (IV) which, according to its PMR spec t rum,  consis ts  of 85% E - i s o m e r .  The t e l o m e r  ob- 
tained was shown by spec t roscopy  and e lementa l  ana lys is  to be the methyl  e s t e r  of 4 -p - to ly l su l fony l -2 ,6 - (E) -  
l l - d o d e c a t r i e n e - l - c a r b o x y l i c  acid (XVIII). Product  (XVIII) is not fo rmed  in yields  above 50%. 

p_CHsC6H4SOf,/~/COfMe -~ ..f"',~/'%,~,-/%,,/CO~Me 
} 

(IV) (XVIII) SQC~H4CH3- p 

Thus, the IR s p e c t r u m  of (XVIII) has bands at 1150, 1320, 1240, and 1720 c m - l w h i c h  a r e  c h a r a c t e r i s t i c  of 
the SO~ and CO2CH 3 groups .  The E-a lkene  has bands at 980, 1640, and 3030 cm -1 while bands a re  found at 92q, 
1000, and 3080 cm -t  for  the vinyl group.  The PMR s p e c t r u m  displays  a mult iplet  at 1.27 ppm for  the CH2grou p. 
The six al lyl ic  protons  a re  found at 2.01 ppm.  The singlet  at 2.2 ppm cor re sponds  to the  CH 3 group attached to 
the a r o m a t i c  r ing.  The single proton at the ca rbon  bonded to the SO 2 group gives  a mult iplet  at 3.56 ppm. The 
adjacent  singlet  at 3.58 ppm belongs to the methoxyl  pro tons .  Signals for  the olefinic protons  a r e  found at 4.50- 
5.30 ppm.  The ra t io  of the intensi t ies  of the olefinic and methoxyl  protons  is 7 : 3. Thus,  the vinylog effect  is 
evident in the cata lyzed t e lomer i za t i on  reac t ion .  

The t e lomer i za t i on  of i soprene  was studied for  sulfones (In), (Ig), and (lh) and (II). Although the y i e ld s  
of the unsa tura ted  su l fonoes te r s  are  somewhat  lower  than those  fo r  the case  of butadiene,  they are  quite s a t i s -  
f ac to ry  (60-70%). Thus, (In) yields  60% (XIXa). The yields of (XIXg) and (XIXh) a re  70 and 73%, r e spec t ive ly .  

i �9 

RSOfCHCO~Me ~ 2 \ / / A A / ~ A / C 0 2 M e  

R '  " R '  S O ~ R  

(In, g, h)! (XIXa, g, h) 

Tes t s  of unsa tura ted  snlfones (VIIa, c, e-h) and (X) for  juvenile act ion showed a slight effect  re la t ive  to 
pupae of the m e a l w o r m  (Tenebrio mol i tor )  and bee moth (Gal ler ia  melonel la ) .  

E X P E R I M E N T A L  

The IR spec t r a  were  taken on a UR-20 s p e c t r o m e t e r  neat  or  in a Vasel ine mul l .  The PMR spec t r a  were  
taken on a Tes l a  BS-487B s p e c t r o m e t e r  in CDC13 with HMDS internal  s tandard .  The gas- l iquid  chromatograph ic  
analys is  was c a r r i e d  out on a C h rom -4  chromatograph  with a f lame ionization de tec to r  on a 1 .5-m SE-30 col-  
umn using hel ium as the c a r r i e r  gas .  

P o l y m e r i z a t i o n - g r a d e  samples  ofbutadiene and i soprene  were  used.  The PdC12- (Ph~P) 2 complex was 
p r e p a r e d  according  to  Hata et al.  [6]. The s ta r t ing  sulfones were  p r e p a r e d  e i the r  by the reac t ion  of the sodium 
sa l t s  of the sulfinic acids  with a halogen-containing compound according to Ashley [11] and Kuchin [12] or  by 
oxidation of sulf ides with H202 in acet ic  acid [13]. The phys ica l  constants  of the s ta r t ing  sulfones a re  g iven in  

Table 1. 

Genera l  Method fo r  the Te lomer i za t i on  of 1 ,3-Dienes with Sulfones.  A sample  of 0.01 mole sulfone in 4 
ml benzene and 0.03 mole butadiene were  placed in a s teel  autoclave cooled to -20~  Then, samples  of 0.05 
m m o l e s  PdC12- ('Ph~P) 2 and 5 m m o l e s  PhONa were  added. The contents of the autoclave were  s t i r r ed  at 85~ 
for  16 h in the expe r imen t s  with butadiene and 18-20 h with i soprene .  The solvent was e v a p o r a t e d a n d  the r e -  
action products  subjected to ch roma tog raphy  on 150 g G40/100 s i l ica  gel with 7 �9 3 h e x a n e - e t h y l  aceta te  as 
eluent.  The phys icochemica l  constants  and spec t r a l  c h a r a c t e r i s t i c s  of the t e l o m e r s  a re  given in Tables  2 and 3. 

3 - (2-Carbomethoxymethanesu l fonyl )su l fo lane  (III). A sample  of 9.2 g (0.1 mole) thioglycol ic  acid was 
added dropwise  with s t i r r ing  at 20~ to a mix tu re  of 11.8 g (0.1 mole)  3-sulfolene and 3.8 g (0.2 mole)  NaOH 
in 80 ml  wate r .  The reac t ion  m a s s  was heated for  4 h at 65~ The solution was neut ra l ized  with the ca lcu-  
lated amount of HC1. Water  was evapora ted  in vacuum and the res idue  was dr ied by azeo t rop ic  dis t i l la t ion 
with i sopropyl  alcohol to yield 19 g (90%) sulfide (XI1) as an oil. A sample  of 21-ml  H20 ~ was gradual ly  added 
to a solution of this  product  in 60 ml  glacia l  acet ic  acid and heated fo r  1 h at 100~ Acet ic  acid was dist i l led 
off and the res idue  was c rys ta l l i zed  f r o m  methanol  to yield 16 g (80%) sulfone (III). IR s p e c t r u m  (v, cm- l ) :  
1130, 1320 (SO2), 1240, 1740 (CO2CH3). PMR spec t rum (6, ppm):  2.82 m (2H, CCH2C) , 3.33 m (5H, 2HC 2, CH), 
3.90 s (3H, OCH3), 4.35 s (2H, CH2CO). 
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Methyl Es t e r  of 2 -E tby l su l fony l -4 ,9 -epoxy-2 -p ropy ldecane - l - ca rboxy l i c  Acid (viii) [14]. A sample of 
3.7 g (0.015 mole) 68% p-earbomethoxyperbenzoie  acid was added with s t i r r ing  to a solution of 1.58 g (0.05 
mole) sulfone (vr/h} ~n 20 m] d ry  CCI 4 and heated for  5 b at 65~ The reac t ion  mass  was washed with satu-  
ra ted  aq. Na~S20 ~ and water  and dried over  MgSO~. After  solvent removal ,  the products  were  subjected to 
chromatography on 100 g alumina with 7 : 3  h e x a n e - e t h y l  acetate eluent to yield 0.5 g (50%) dioxide (VIII) with 
n~ 1.4872. IR spec t rum iv, cm-t ) :  1150, 1320 (SO2) , 850, 1250, 3050 ( ~ ) ,  1235, 1740 (CO2CH3). PMR spec-  

o 
o 

/ \  
t r u m  (6, ppm): 0.9 t (3H, CH3) , 1. t3 t (3H, CH~), 1.27 m (4H, CH2), 1.48 m (4H, CH2), 1.88 m (6H, CH~--C--C), 

o 0 
/\ /\ 

2.58 m ~(2H, HC--CH), 2.90 m (3H, H~C--CH), 3.67 s (3H, OCH3). Found: C, 55.0; H 8.2%. Calculated forCt0H2806S : 
C, 55.1; H, 8.1%. 

Methyl E s t e r  of 2 -E tby l su l fony l -4 - (E) -2 -p ropy l -9 -oxadecene - l - ca rboxy l i c  Acid (IXg)with bp 110~C (0.1 
rran) and n~ 1.4892 was obtained in 90% yield.  IR spec t rum iv, cm-1): 1150, 1320 (SO2) , 1245, 1740 (CO~CH3) , 
1710 {C =O),  975, 1650, 3030 (trans-CH =CH).  PMR spec t rum (6, ppm): 1.38 t (3H, CH~), 1.40 m (4H, CH2), 
1.58 t (3H, CH3) , 1.83 m (2H, CH2C =) ,  2.12 s (3H, CH3C ~O),  2.48 m (4H, CH2C = O ,  CH2) 3.23 m (4H, CH2SO2, 
CH2C ---O), 3.78 s {3H, OCH3) , 5.45 m (2H, CH =CH).  Found: C, 57.6; H, 8.2; S, 10.1%. Calculated for  C1GH28OhS: 
C, 57.8; H, 8.3; S, 9.7%. 

Methyl Es t e r  of 27E~hyls~IfonyI-4 - (E ) -2~methy l -9 -oxodeeene - l - ca rboxy l i c  Acid (IXa). With bp 104~ 
(0.1 ram) and n~ 1.4869 was Obtained inw yield.  IR spec t rum (v, cm-~): 1150, 1320 (SO2) , 1245, 1740 (CO2CH3) , 
1710 (C =O),  975, 1650, 3030 {trans-CH =CH).  PMR spec t rum (6, ppm): 1.45 m (3H, CHa) , 1.53 m (2H, CH2) , 
1.63 m (3H, CH3C =O),  1.83 m (2H, CH2C ~) ,  2.17 s (CH3~CO2), 2.46 m (4H, CH2CCO) , 3.25 m (4H, CH2SO2) , 
3.86 s (3H, OCH.~), 5.5 m (2H, CH =CH).  Found: C, 55,0; H, 8.0, S, 10.5%. Calculated for C14H2405S: C, 55.2; 
H, 7.9; S, 10.5%. 

1-p-Tol~ i su l fony l -b i s (2 - t rans -7 -oc tad ieny l )n i t romethane  (XVII). IR spec t rum (v, cm-~): 1150, 1320 
(SO2) , 1565 (NO2) , 920, 1000, 3080 (CH =CH2) , 980, 1640, 3030 ~rans-CH =CH),  710, 1590, 3010 (C~H4). PMR 
spec t rmn (6, ppm): 1.33 m (4H, CH2) , 1.91 m (8H, CH2C ~), 2.35 s (CH3C~H4) , 3.03 m (4H, CCH~C), 4.75 m 
(4H, =CH2) , 5.47 m (6H, CH =CH,  CH=),  7.5 m (4H, CcH4). 

Methyl ]~ster of 2 -p - to ly l su l fony l -4 - (E) -9 -oxodecene - l - ca rboxy l i c  Acid (XVII.~. A volume of 25 ml 02 
was passed  over  1 h through a solution of 0.09 g (5.1 re_moles) PdC12 and 0.5 g (52.6 lr~moles) CuCI in 5 ml DMF 
and 0.7 ml H20. Then, 1.68 g (5 mmoles)  sulfone (VIIa) was added to the p repa red  catalyst  and s t i r r ed  for  6 h 
until 70 ml O 2 was taken up. The mixture  was t rea ted  with 10 ml 3 N HC1 and ex t rac ted  with CH2C12. The ex-  
t r ac t  was dried over  MgSO 4. After removal  of the solvent,  vacuum dist i l lat ion gave 1.5 g r ketone (XVIII) 
with bp 142~ (0.1 mm) zo and n~ 1.5287. IR spec t rum (v, em-~): 1150, 1320 (SO2) , 1245, 1740 (CO~CH~), 1715 (C 
(C ----O), 730, 820, 1600, 3100 ~C~H4) , 975, 1650, 3030 (trans-CH---CH). PMR spec t rum (6, ppm): 1.37 m (2H, 
CH2) , 1.83 m (4H, CH2C =), 2.02 s (3H, CH3C----O), 2.21 m (2H, CH2C----0), 2.38 s (3H, CH3C6H4) , 3.58 s (3H, OCH~), 
3.88 m (CHSO2) , 5.30 m (2H, CH =CH),  7.50 m (4H, CGH4). Found: C, 61.4; H, 6.9; S, 9.4%. Calculated :o r  
Ci8H2404S: C, 61.3; H 6.9; S, 9.1~. 

C ONC LU S  IONS 

A study was ca r r i ed  out on the t e lomer iza t ion  of butadi ene and isoprene with f l - s~ fonoes t e r s ,  fl-keto- 
e s t e r s ,  and f l-ni trosulfones catalyzed by palladium cata lys ts .  Independently of the reagent  ra t ios ,  ni t rosulfones 
and ketosulfones predominant ly  fo rm dialkylation products .  The reac t ion  in the case of sul fonoesters  may be 
stopped at the stage of monooctadienylat ion.  
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