
C O N C L U S I O N S  

1,2-Dichloroethane,  1,4-dicMorobutane,  and bis (2-chloroethyl) e ther  were  obtained by the react ion of 
ethylene and anodically genera ted  chlorine radica ls  in methanol and in aqueous acetoni t r i le ,  and 1-methoxy-  
2-chloroethane was also obtained in methanol .  
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S Y N T H E S I S  O F  U N S A T U R A T E D  A L C O H O L S  

B Y  T E L O M E R I Z A T I O N  OF  H 2 0  W I T H  1 , 3 - D I E N E S ,  

C A T A L Y Z E D  BY P A L L A D I U M  C O M P L E X E S  

U.  M. D z h e m i l e v ,  V. V. S i d o r o v a ,  
a n d  R .  V. K u n a k o v a  

UDC 542.97 : 547.36 

The activation of H20 molecules  in the i r  react ion with butadiene by means  of low-valent  phosphine com- 
plexes of palladium has provided the basis  for  a promising method for  the prepara t ion  of 1,7- and 2 ,7-oc ta -  
dienols (I) and (ID [1-7]. It has been shown to be possible  to p repa re  nonadienols by the concurrent  t e l o m e r i z a -  
t ion of butadiene and isoprene with H20 [8]. A n e c e s s a r y  condition for  the successful  accomplishment  of these 
react ions  is the inclusion of CO 2 in the composi t ion of the catalyst .  The re la t ive ly  high consumption of catalyst  
and the low select iv i ty  of these  reac t ions  [1-8] r ende r s  them of l i t t le use for  the prepara t ion  of unsaturated 
alcohols.  

In o r de r  to develop a se lec t ive  me.thod for  the synthesis  of octadienols,  and for  the prepara t ion  of other  
unsatura ted alcohols,  the reac t ion  of 1,3-dienes with complexed H20 , catalyzed by palladium compounds, was 
f i r s t  examined.  I~ would be expected that H20 presen t  in crys ta l l ine  hydrates  of the type IV~n(H20)I~I would be 
activated by complexation with the cent ra l  metal  atom, and would reac t  with 1,3-dienes more  readi ly  than f ree  
H20 to give alcohols (D and (ID. P r e l im ina ry  exper iments  showed that butadiene reac ted  with complexed H20 
over  the catalyst  Pd(acac )2 -PPh3-A1Et  3 in the absence of CO 2. 

Thus, t e lomer iza t ion  of butadiene with the complex CuSO 4 �9 5H20 in the p resence  of this catalyst  (Pd : 
PPh s :Al = 1 : 3 : 4 ,  90~ 6 h) in acetone gave a mixture  of unsaturated alcohols consist ing of (D, (II), and the 
e ther  (IID in an overal l  yield of ~ 50%, calculated on H20. The yields and composit ions of the te lomer iza t ion  
products  var ied considerably  depending on the reac t ion  conditions and the diene :H20 rat io  
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TABLE 1. Effec ts  of Ratios of Reactants  and React ion T ime*  on the 
Yields and Composi t ions  of Produc t s  of the Te lomer i za t i on  of Buta-  
diene with Complexed H20 

[Conver- ~ r e a 6 t i o n  . ]H~O. ]~ ]Yield of reaction 
Time, h [sion of )roducts, % ' butadiene ~.onver-[products, % ]smn o~ I~- - ' - r  . . . .  

4 74 t7 t': t 47 i ' 38 
6 73 i2 i 1 : 2 30 12 

l0 59 20 2i l : 4 12 6i 9 5 

* R e a c t i o n  c o n d i t i o n s :  C u S O a .  5 H 2 0  0 . 0 5  m o l e ,  b u t a d i e n e  0 .5  m o l e ,  90 ~ 

P d ) a c a c )  2 - P P h ~ - A 1 E t  3 (1 : 3 : 4 ) )  Pd  : H 2 0  = 1 : 500 ,  s o l v e n t  - a c e t o n e .  

OH 

Mxn( ,o  

As will be seen  f r o m  Table 1, as the t e l omer i za t i on  t ime  i n c r e a s e s  the yie lds  of (I)-(III) i nc rease  sub-  
s tant ia l ly ,  r each ing  50% af te r  10 h. Increas ing  the concentra t ion  of butadiene in the ca ta lysa te  r educes  the 
overa l l  yield of (I)-(III), but in these  expe r imen t s  the se lec t iv i ty  with r e spec t  to (I)was ~ 61%. 

Of the phosphorus  and n i t rogen-conta in ing l igands t es ted  [(EtO).~P, (PhO).~P, BumP, PPh~, C5HsN, Et~N, 
Et2NH], the fo rmat ion  of (I)-(III) in s a t i s f ac to ry  yie lds  was only observed  with PPh 3. 

Since CO 2 has a promot ing  effect  on the reac t ion  of H20 with butadiene [1-8], t e lomer i za t i on  of the l a t t e r  
was c a r r i e d  out with complexed H20 in the p r e s e n c e  of the ca ta lys t  P d ( a c a c ) 2 - P P h  3-A1Et3, act ivated by an ex-  
cess  of CO 2. ]L became  c l ea r  that  under  our expe r imen ta l  conditions CO 2 has v i r tua l ly  no effect  on the y ie lds  
and composi t ions  of the t e lomer i za t ion  produc ts .  These findings suggest  that under  the reac t ion  conditions CO 2 
not only functions as an act ivat ing ligand [1-8], but is a lso  an in te rmedia te  playing a d i rec t  pa r t  in the f o r m a t i o n  
of (19 and (II). It is l ikely  that  in the reac t ion  of f r ee  H20 with butadiene over  the cata lyt ic  s y s t e m  Pd (acac) 2 -  
PPh3-A1Et  3 -  (CO2) n, H2CO 3 is f i r s t  fo rmed ,  and this  r e ac t s  read i ly  with the diene to f o r m  e thers  (IV) and (V). 
The l a t t e r  b r eak  down in the  p re sence  of excess tt20 to give (I), riD, and H2CO 3. When complexes  such as MSO 4 �9 
(H20)n a r e  used as  sources  of wa te r ,  it is obvious that  as a r e su l t  of the absence  of f r ee  H20, H2CO.~ (which is 
r e spons ib le  for  the fo rma t ion  of ( I ) - ( I I I ) )eannotbe  fo rmed .  In all l ikelihood, l ike other  carboxyl ic  acids and 
H~BO 3 [11], H2CO~ r e a c t s  much m o r e  read i ly  than f r ee  H20 with butadiene.  

The nature  of the solvent  has a cons iderab le  effect  on the yie lds  of (1)- (III). For  example  ) the yields  of 
(1) and (H) can be inc reased  up to 80% by ca r ry ing  out the t e l omer i za t i on  in DMF, HMPA, or pyr ro l idone .  ]~ is 
noteworthy that  in these  expe r imen t s  only (I) and (II) were  fo rmed .  No t e lomer i za t i on  Whatsoever occur red  in 
THF, dioxane, DMSO, o r  pyr idine,  owing to  the fo rma t ion  of coo rd ina t e ly - sa tu ra t ed  pal ladium complexes ,  which 
are  inactive in t e l om er i za t i on  

[ / O H ]  , .-T,n 

c o , + n , o ~ _ [ o = c  I ,~,,z , 
Non 

o oAAA< + A/ AA o 
\ / .  (iv) \ / (v) 

C C 
�9 ]1 II ' 

,O O 
" . Pd--Ln I H,O Pd--Ln ~ H'O 

(t) (D § (ID 

We next studied the poss ib i l i ty  of using the sulfa tes  of o ther  t r ans i t ion  and nontrans i t ion me ta l s  (Fe, Co, 
Ni, Mn, Cd, Ca,  and Zn) containing wa te r  of c rys t a l l i za t ion  (Table  2). In all the expe r imen t s ,  (19-(III) we re  fo rmed ,  
in overa l l  y ie lds  vary ing  f r o m  5-50% depending on the c rys ta l l ine  hydra te .  The highest yields  of (I)- (III) were  
obtained with Co and Cd sa l t s .  Replacement  of the sulfa tes  by the chlor ides  fai led to give even t r a c e s  of (I)-(III). 
The bulk of the butadiene in these  expe r imen t s  was conver ted  into 4-v inyleyclohexene .  
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TABLE 2. Effect of the Metal in Crystal l ine Hydrates on the Yields 
of Products  of Telomer iza t ion  of Butadiene with H20* 

' Composition of ~ IComposition of_ 
~,onver- products, <70 . ~.onv%r- Iproducts, % 

MXn'H~O m ~ion of --- MXn, H~O m slon O I  t _ - - - - - - - - -  --- 

HI0'  ~176 I (I)+(II) (tID HzO, ~ (I)+(H) (IID 

CoSOI-7H~O 50 ~ 2~ ZnSO~-7H20 ~ 86 t4 
CdSOl.7Hz0 40 FeSO~.7H20 72 28 
NiSOv7HzO 35 75 25 MnSOa.5H20 250 57 43 
CuSOv5H~0 35 80 35 CaS0v2H~O 56 44 

. 

*Reaction conditions: Pd(acae)2-PPh~-A1Et  3 ( 1 : 4 : 4 ) ,  90~ 4 h, 
solvent - acetone, Pd (acac) 2 : H20 = 1.500. 
~The convers ion of H20 is adequate to account for  the yields of p rod-  
ucts (I)- (nD.  

Following t h e s e  highly promixing resul ts  for  the te lomer iza t ion  of butadiene with complex-bound H20 , we 
examined the reac t ion  of isoprene,  t r ans -p ipery lene ,  cyclopentadiene,  and 1,3-cyclohexadiene with CoSO 4 "7H20 
with the aim of obtaining higher s t ra ight -chain  and cycl ic  unsaturated alcohols.  I twas found that these dienes 
failed to reac t  with complex-bound H20 , i r respec t ive  of the rat ios  of the catalyst  components or  changes in the 
react ion conditions. For this reason,  it was of interest  to t r y  these conjugated dienes in the te lomer iza t ion  with 
f ree  water ,  catalyzed by the sys tem Pd (acac) 2-PPh~-A1Et3 ,  activated by excess CO~. 

Isoprene reacted  with H20, being converted into 2 ,7 -d imethy l - l ,3 ,7 -oc ta t r i ene  (VI) and a mixture of deea-  
dienols (VII) - (X I) , which were isolated by prepara t ive  GLC. The s t ruc tures  of (VI)-(IX) were confirmed by com-  
par ison of the i r  spect ra l  cha rac te r i s t i c s  and physicochemieal  constants with those of authentic samples [12, 13]. 
The s t ruc tu res  of the unsaturated alcohols (X) and {XI) were proved by spectra l  methods.  

Unlike isoprene,  t r ans -p ipe ry lene  gave (XII) in ext remely  high yields.  The yields of (VII)-(XII) were 50 
and 20% respect ive ly .  Under these conditions, cyclopentadiene and 1,3-cyclohexadiene failed to reac t  with H20. 

T 

I OH 
i ] [ i , 

- OH I - -  + - - I  (VIII)  l 
(vii) I H~O } OH 
' i i OH ~-' I i - - ~  % / ' ~ \ . : ~ /  

% / V ~ V  l ! (x) 
] ] OH 

(ix) .:',,l\/~X / 
(xi) 

, ,d-~ .  i i 
~,,./f-. , .  + H~0 ~ ~ - ~ / ~ / % / ~ ,  

(Xl I ) .  oH 

EXPERIME NTAL 

The 1,3-dienes used were 99% pure.  Products  were analyzed on a Chrom-47 chromatograph,  column 1.2 m, 
phase SE-30, c a r r i e r  gas helium. Prepara t ive  separat ions were ca r r i ed  out on a P e r k i n - E l m e r  F-12, 2.7 m 
column with PEG-10M. PMR spec t ra  were  obtained on Tesla  BS-487B and Tesla  BS-467B ins t ruments  in CDCl.~ 
or CC1 o relat ive to TMS. t'~C NMR spec t ra  were recorded  on a JEOL FX-90Q spec t rome te r  with wide-band 
suppress ion for protons in the "homoresonance n mode, re la t ive to TMS. TR spec t ra  were recorded  on a UR-20 
spec t romete r  (film). Mass spec t ra  were  obtained on an MX-1306 at 70 eV and ionization chamber  t empera tu re  
2O0O(3. 

General Method for  the Reaction of Complexed H20 with Butadiene. a) To a solution of 0.157 g of Pd(acac)2 
and 0.4 g of PPh 3 in 10 ml of dry toluene, cooled to - 1 5  to -20~  added with s t i r r ing  under argon 0.86 g of 
AlErt, and the mixture  kept for  5-10 rain at -15~ In a 100 ml steel autoclave cooled to - 5  to -10~  
0.05 mole of the appropria te  crys ta l l ine  hydrate  MXn(H20) m and 0.5 mole of butadiene in 25 ral of acetone, and 
the catalyst  solution was then added followed by heati~{g for  4 h at 90~ The mix turewas  cooled, the solid salt 
f i l tered off, the organic l ayer  diluted with 50 ml of benzene, washed with 5% HC1 followed by water ,  and dried 
over N~SO 4. Removal of the solvent gave a mixture of a~oho l s  (I) and (ID together  with bis-2,7-oetadienyl  ether 
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(HI), which were  sepa ra ted  by vacuum dist i l lat ion.  The exper imenta l  r e su l t s  a re  shown in Tabie 2o The s t r u c -  
t u re s  of (I) and (II) were  conf i rmed by a compar i son  of t he i r  constants  with those  for  authentic s amples  [6]. 

Bis -2 ,7-oc tad ienyl  E ther  (III), bp 90-92~ (1 ram),  n~ 1.4714. IR s p e c t r u m  (v, cm- i ) :  920, 1000,3080 
(CH-~CH2), 980, 1640, 3030 (trans~CH-----CH). PMR s p e c t r u m  (CC14, 6, ppm):  1.47 m (4H, CH2).~ 2.0 m (SH, 
CH2 ~=C), 3.78 d {4H, CH20 , J = 5  Hz), 4.9 m (4H, =CH2) , 5.5 m (6H, CH----CH). 13C NMR spec t rum (6~ ppm): 
70.52 t (C1), 126.91 d (C2), 133.80 d (C'~), 31.74 t (C4), 28.35 t (C5), 33.24 t (C6), 138.36 d (C7), 114o60 t (C8). 
M + 232. React ion of 10 g of CoC12 �9 6H20 with 27 g of butadiene as desc r ibed  abovegave  10 g of v inylcyclo-  
hexene and 10 g of r e c o v e r e d  CoC12 "6H20. 

S imi la r  r esu l t s  were  obtained when CdC12 "6H20 , CuCI~ �9 2H20 , or  MaC12 �9 4H20 were  used. 

b) When t e lomer i za t i on  was c a r r i e d  out in DMF withthe Pd(acac)2-pPh~-A1Et~  ca ta lys t ,  12.5 g ofCuSO 4 �9 
5H2Oand 27 g of butadiene afforded 24 g (80%) of a mix tu re  of alcohols (I) and (II) in a ra t io  of 3 : 1 .  

c) S imi la r ly ,  12.5 g of CuSO 4 �9 5H20 and 27 
and (ID in a ra t io  of 9 : 1 .  

d) When t e lomer i za t i on  was c a r r i e d  out in 
CuSO 4 �9 5H20 and 27 g of butadiene afforded 18 g 

g of butadiene afforded 21 g (70%) of a mix tu re  of alcohols (I) 

pyr ro l idone  under the conditions descr ibed  above, 12.5 g of 
(60%) of a mix tu re  of alcohols (I) and (II) in a ra t io  of 7 : 1. 

React ion of H20 with Isoprene and t r a n s - P i p e r y l e n e .  In a 100 ml s teel  autoclave were  placed 4.5 g of 
H20 , 34 g of i soprene  in 25 ml of DMF, and then the ca ta lys t ,  obtained f r o m  0.72 g of Pd(acac)2 and 2 g of 
PPh~ as descr ibed  above,  followed by CO 2 to a p r e s s u r e  of 40 arm. The mix tu re  was heated for  20 h at 100- 
l l0~  cooled, diluted with benzene (50 ml) ,  the mix tu re  washed with 5% HC1 followed by water ,  and the organic  
l a y e r  dried over  Na2SO 4. Removal  of the solvent gave 34 g of a mix tu re  of 2 ,7~d imethy l - l , 3 ,7 -oc ta t r i ene  (VI) 
and alcohols (VII)- (XI). The ra t io  of (VI) : (VII)- (XI), f r o m  GLC data,  was 1 : 1. The alcohols (VII)- (XI) were  
sepa ra ted  by p r e p a r a t i v e  GLC, the r a t ios  being (VII) : (VIII) : (IX) : (X) : (XI) = 2 : 6 3 : 8 : 3 : 2 4 .  The s t ruc tu re s  of 
(VI)-(IX) were  conf i rmed by compar i son  of t he i r  IR, PMR, and m a s s  spec t r a ,  and the i r  constants ,  with those 
given in the l i t e r a tu r e  [12, 13]. 

2 , 6 - D i m e t h y l - 2 , 7 - o c t a d i e n - l - o l  (IX), bp 60-62~ (2 mm) ,  n~ 1.4680. IR spec t rum (v, cm- i ) :  860, 1640 
(CH----C), 920, 1010, 1660, 3080 (CH=CH2) , 3200-3600 (OH). PMR spec t rum (CC14, 6, ppm):  1.0 d (3H, CH3, 
J- -9  Hz), 1.6 s (3H, CH3C=) ,  1.4 m (2H, CH2) , 2.0 m (3H, CH2C=,  CHC---0, 3.8 s (2H, CH20) , 4.5-5.5 m GH, 
CH =CH2, CH = C ) .  M + 154. 

2 , 6 - D i m e t h y l - 2 , 7 - o c t a d i e n - l - o l  (XI), bp 68-70~ (2 ram),  n~ 1.4608. IR s p e c t r u m  (v, cm- l ) :  890, 1640, 
3100 (----CH2), 860, 1670, 3010 (CH----C), 3200-3600 (OH). PMR spec t rum (CC1 o 6, ppm):  1.5 m (2H, CH2) , 1.63 s 
(3H, CH3C----), 1.69 s (3H, CH.~C --~), 2.0 m (4H, CH2C =), 2.5 s (1H, OH), 3.95 s (2H, CH20), 4.67 s (2H,=CH~), 
5.4 m (1H, CH----C). 1~C NMR s pec t rum  (6, ppm):  68.79 t (Cl), 126.0 d (C3), 27.52 t (C4), 27.26 t (C5), 37.45 t 
(C6), 145.72 s (C7), 109.92 t (C8), 22.41 q (CH3C7), 13.65 q (CH3C2). M + 154. 

Te lomer i za t ion  of 4.5 g of H20 with 34 g of p ipery lene  as descr ibed  above gave 9.0 g (20%) of the alcohol 
(XII). 

1,5-Dimethyl-2,7-octadien-l-ol (XII), bp 65-67~ (2 ram), n~ 1.4669. IR spectrum (~, cm-i); 920, I010, �9 
3090 (CH~-CH2), 980, 1640, 3030(trans-CH~-CH), 3200-3600 (OH). PMR spectrum (CC14, 6, ppm): 0.86 d 
(311, CHiC '~, J=6.5 Hz), 1.23 d (3H, CH3C I, J=6.5 Hz), 1.5 m (IH, CSH), 2.0 m (4H, CH2C =), 4.2 m (IH, CHO; 
IH, OH), 4.9 m (2H, CH2), 5.5 m (3H, CH =CH, CH-~). M + 152. 

CONCLUSIONS 

1. I~ has been shown possible to prepare unsaturated alcohols in satisfactory yields by the telomeriza- 
tion of butadiene, isoprene, and trans-piperylene with water in the:presenee of palladium catalysts. 

2. Water, ~resent in crystalline hydrates MXn(H20) m, reacts with butadiene inthe presence of the cata- 
lytic system Pd 2 -PPh~--AIEt 3 in the absence of CO~. 
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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 
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