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SUBSTITUTION REACTION WITH PARTICIPATION 

OF ORGANOALUMINUM COMPOUNDS 

3.* CROSS-COMBINATION OF ALLYL ACETATES 

WITH TRIA LKYLA LANES 

G. A. Tolstikov, A. Yu. Spivak, 
A. V. Kuchin, and S. I. Lomakina 

UDC 542.97:547.292T361 : 
547.256~ 

In continuation of our studies on the synthesis  of allenes f rom acetates  of t e r t i a ry  aeetylenic alcohols 
[1], we investigated the r eac t ionof  alkylalanes with allyl ace ta tes .  In react ion of this  type,  Mg and Li com-  
pounds are  act ively used as organometal l ic  reagents  [2, 3]. 

Poss ible  allylation of alkylalanes by allyl aceta tes  was shown in the react ions  of acetates  of geraniol  
and cis,  t r a n s - c a r v e o l s  with organoaluminum compounds (OAC) of type R3A1 (R=Me, Et, i-Bu) [4, 5]. The 
reac t ions  proceeded  under mild conditions (-78~ and led to allvylation products  in ayie ld  of 66-85%. We 
extended this method to other  allyl subs t ra tes ,  and compared the behavior  in this react ion of p r im a ry  and 
secondary  allyl ace ta tes ,  and also aceta tes  containing e lec t ron-donor  substituents at the ~-posit ion of the 
leaving group.  As s tar t ing compounds, we selected allyl (I), crotyl  (II), cinnamyl (III), sorbyl {IV), 2 ,7-octa-  
dienyl (V), 2-pentenyl  (VI), 2-cyclohexenyl  aceta tes  (VII), and t r ia lkyla lanes  R3A1 (R=Et, i-Bu, n-CGHI3 ). 

The reac t ion  conditions were  se lected using as anexample  the react ion of OAC with acetate V, which is 
in teres t ing in synthes is ,  since 1,6-alkadienes based on it can be used in the synthesis of severa l  pheromones [6]. 
It was found that the optimal mo la r  ra t io  of the reagents  is ROAc :R3A1 = 1 :2 .  The react ion proceeds  in hexane 
or in CH2C12 at .-~ 20~ for  severa l  hours .  In e ther  and in THF,  the reac t ion  products  are  formed af te r  24 h in 
t r ace  amounts.  The exper imenta l  data (Table 1) show that the ra t io  between the two competing paths, i .e. ,  
alkylation and nucleophilic attack by alkyl on the carbon atom of the carbonyl group, is appreciably dependent 

*For  ar t ic le  2, see [1]. 

Institute of Chemis t ry ,  Bashkir  Branch,  Academy of Sciences of the USSR, Ufa. Trans la ted  f rom Izvestiya 
Akademii Nauk SSSR, Seriya Khimieheskaya,  No. 5, pp. 1146-1151, May, 1983. Original a r t ic le  submitted June 
18, 1982. 
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T A B L E  1. Reac t ion  of Allyl  Ace ta t e s  with Organoa luminum Compounds  
R 
J 

alcohols ~(b) ~NN,/CH~0Ae q- RaAI (a)> ~ / C H ~ R  q- ~ / \ J  
rz ? 

Yield of hydro- Ratio of ~x/7 
Acetate R~A1 earbom, %* isomers, %1" 

4\/OAc (I) 

~%/CII20Ac (1I) 

[,h~,%/CH, OAc (III) 

(iii) 

/ ~,/XN/CI-I20Ac (IV) 

4\/\/%/GH~ OAc ('V) 

(CdHi3) 3A1 

(C6H~3) A1 

(i-Bu) 3A1 

(GdH,a) 3A1 

(i-Bu) 3AI 

(Et) aAI 

( v )  

(v) 
OAc 

t (vI) /'-./d\ 
(vI) 

OAr 
t / \  (-VII) 

Ill " . , /  

(vii) 

(~-Bu) aA1 
(CdHt3) 3A1 

(i-Bu) aA1 

(CsH,3) sA1 

(i-Bu) 3A1 

(Cell,3) 3AI 

Traces 

$ 

to0 

82 

to0 

41 

75 
26 

t0o 

8t 

t0o 

69 

72r 

54/42 

70/30 

82/18 
90/10 

*Acco rd ing  to GLC data .  
t A e c o r d i n g  to  GLC and PMR data .  

T A B L E  2. Ca ta lys i s  of Al ly la t ion  of T r i a l k y l -  
a lanes  by C u B r  and FeCt 3 (solvent CH2C12, in the 
case  of (VII) - h e x a n e )  

field of ].Ratio of 
Acetate rhA1 Catalyst tydrocarbons[a/~ isomers, 

lo* Fqo* _ 
I 

(t) (C6H,3) 3A1 FeCla 55 [ 
(II) (CsH,a) aA1 FeC13 63 I 75/25 
(V) Et3A1 FeC]3 89 96/4 
(V) (i-Bu) 3A1 FeEl3 91 97/3 
(V) (CdH~a)A1 CuBr 86 98/2 

(VI) (CdH~a)At FeC13 100 
(VII) (C~Ht3)AI CuBr 80 

*Acco rd ing  to  GLC data .  

on the s t r u c t u r e  of the  al lyl  s u b s t r a t e .  The  r e a c t i o n  of al lyl  a ce t a t e s  (I) and (II)with t r i s - h e x y l a l u m i n u m  (VIII) 
g e n e r a l l y  does not lead to  combina t ion  p r o d u c t s .  The r e a c t i o n  m i x t u r e s  cons i s t  ma in ly  of hexy lme thy l -  and 
d i h e x y l m e t h y l c a r b i n o l s . *  F r o m  ace ta te  (V) and t r i a lky l a l ane  (VIII), h y d r o c a r b o n s  a re  obtained in a y ie ld  of 
26%, and f r o m  (V) and Et3At in a y ie ld  of 41%. E l e c t r o n - d o n o r  g r o u p s  at the double bond f avo r  the f o r m a t i o n  
of the combina t ion  p r o d u c t s .  F o r  example ,  the r e a c t i o n  of ge rany t  ace ta te  with Et3Al leads ,  a c c o r d i n g  to  da ta  
in [4], to  h y d r o c a r b o n s  in a y ie ld  of 75%. We o b s e r v e d  quant i ta t ive  y ie lds  of h y d r o c a r b o n s  in the case  of a c e -  
ta tes  fill) and (IV) (effect of rr-conjugation).  F o r  s e c o n d a r y  ace t a t e s  (VI) and (VII), t h e i r  r eac t i on  with (VIII) 
and (i-Bu)a-A1 leads  a l m o s t  quant i ta t ive ly  to c r o s s - c o m b i n a t i o n  p roduc t s .  The data  in Table  1 show that  the 
r eac t i ons  of a lky la lanes  with a c e t a t e s  (III) and (V) Lmder the above condi t ions  w e r e  c h a r a c t e r i z e d  by high 
r e g i o s e l e c t i v i t y .  In the  case  of so rby l  ace ta t e  (W), t oge the r  wi th the  ma in  p roduc t  8 - m e t h y l - 2 , 4 - n o n a d i e n e  
(IX) (86%), an inapprec i ab le  amount  of unidentif ied i s o m e r i c  h y d r o c a r b o n s  is f o r m e d .  

It is known [3, 7] that  in r e a c t i o n s  of  al lyl  e l ec t roph i I e s  with Gr igna rd  r e a g e n t s ,  ca t a lys i s  by Cu(I) is 
used .  It is thus  poss ib le  to  obtain e r o s s - c o m b i n a t i o n p r o d u c t s  under  mild condi t ions  in high y ie lds ,  and to  in -  

* A n a l y s i s  of the a lcohol ic  f r ac t ions  obtained showed that ,  i r r e s p e c t i v e  of the s t r u c t u r e  of the ace t a t e s ,  in t he i r  
r eac t i on  with a lkyla lane  (VIII), the above a lcoho l s  a re  main ly  f o r m e d ;  the r e a c t i o n  of ace ta te  (V) with Et3A1 and 
(i-Bu)3Al l eads  to 2 ,7 -oe tad ieno l .  
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TABLE 3. Catalytic Activity of Cu(I), Cu(II), and Fe(III) Salts 

Mx F- 
//\/\\/%/CH~OAe + EtsAl ~---G-~, ~ \ / \ / % / \ / + ~ / \ / \ / /  

CHaC,2 ~ V 

~field of ~Ratio of a/7, Yield of ]Ratio of c~/7 
~x ~:dr~176 s~ 11 Mx t hydrocar- lisomers ,%, 

1 ,boris, % ~ 

CuB~' ! 90 90/10 ] Cu(acac)~ I ' 90 I 69'/31 
CuC1 90 86/14 FeC13 89 96/4 
CuBrz 78 91/9 Fe (acac) 3 96 94/6 

*According to GLC data.  

f luence the s t e r e o - a n d  reg iose lec t iv i ty  of the p r o c e s s e s .  We have a l ready  shown that  Cu(D and Fe(III) sa l ts  
are  effect ive ca ta lys t s  in the r e a c t i o n o f  p ropargy l  ace ta tes  with OAC [1]. We also studied the ca ta ly t ic  activity 
of the above sa l t s  in the al lylat ion reac t ion .  Cuprous b romide  and f e r r i c  chloride were  studied mos t .  The 
data obtained a re  shown in Table 2. React ions with CuBr were  ca r r i ed  out in hexane or  in CH2C12o The c o m -  
posi t ions of the products  in the mix tu re s  differed inapprec iably .  F e r r i c  chloride had cata ly t ic  act ivi ty in 
CH2C12 only. For  each of the subs t r a t e s ,  7-10 mole  % of the ca ta lys t  was used. Optimal r e su l t s  for  yield 
of hydrocarbons  and reg iose lec t iv i ty  of the reac t ion  were  thus obtained. 

The data in Table 2 show that  by using CuBr and FeC13 the se lec t ive  nucleophil ici ty of the organometa l l i c  
r eagen t s  could be apprec iab ly  changed. For  example ,  the yield of hydrocarbons  in the reac t ion  of ace ta tes  (I) 
and (ID with OAC (VIII) exceeded 50%. In the reac t ion  of t r i a lky la lanes  with aceta te  (V), a cons iderable  in- 
c r e a s e  in boththe yield of the c r o s s - c o m b i n a t i o n  products ,  and the reg iose lec t iv i ty  of the reac t ion  is observed .  
The use of sa l t s  was  found to be ineffective in the case  of ace ta tes  (III) and (IV). The ra t io  between the i so-  
m e r i c  hydrocarbons  thus remained  as before .  It should be noted that FeC13 exhibits  a h igher  catalyt ic  act ivi ty 
than CuBr  in di rect ing the reac t ion  to the  combinat ion path. When CuBr is used in the reac t ion  of aceta tes  (I) 
and (ID with OAC (VIID, the hydrocarbons  a re  fo rmed  in t r a c e  amounts .  In the reac t ion  of aceta te  (V) with 
Et3A1 or secondary  aceta te  (VD with a lkylalane (VIII) in the p r e sence  of CuBr,  the ra t io  of the hydrocarbon  
to the alcoholic f rac t ion  was 88:12 and 83:17 ,  r e spec t ive ly  (according to GLC data), while in the p r e sen ce  
of FeC13, the yield of the hydrocarbons  was 100%. 

We also studied the cata lyt ic  act ivi ty  of Cu(I), Cu(II) and Fe (IID (CuC1, CuBr2, Cu(acac)2, Fe (acac)3) in 
the reac t ion  of acetate  with Et3A1. The reac t ions  were  ca r r i ed  in CH2CI 2 (Table 37. 

The data in Table 3 show that the cata lyt ic  act ivi ty  of the sa l t s  is independent of meta l  counterion.  An 
exception was only Cu(acac)2, for  which a low reg iose lec t iv i ty  of the reac t ion  was noted. Sincewith Cu(I) and 
Fe (II1) sa l t s  it was imposs ib le  to at tain a definite reg iose lec t iv i ty  of the reac t ions  of t r i a lky la lanes  with ace ta tes  
(II), (IID, and (IV), we a lso  studied Pal(0) as ca ta lys t .  In recen t ly  obtained data [8, 9], a Pd(PPh3)4-catalyzed 
s t e r e o - a n d  reg iospec i f i c  combination of allyl e lee t rophi les  (including allyl ace ta tes )  with Mkenyl de r iva t ives  
of a luminum has been repor ted~ However ,  al lcylmetals ,  for  example ,  Me3A1, could not be introduced into this  
reac t ion  [8]~ In our case ,  when the reac t ion  was ca r r i ed  out in CH2C12 in the p re sence  of 5 moles  % of Pd (PPh~)4, 
aceta te  (I1) en tered  the c ro s s - com bi na t i on  reac t ion  with OAC (VIII) to f o r m  a / 7 - i s o m e r i c  hydrocarbons  in a 
ra t io  of (%) 78 : 22 (GLC). The reac t ion  mix tu re  obtained in the reac t ion  of aceta te  (V) with Et3A! a lso  consis ted 
of hydroca rbons .  In this case ,  the ra t io  of s / T - i s o m e r s  was 76 :24 .  A cata lyt ic  s y s t e m  consist ing of Pd{acac)2 
and PPh 3 in a m o l a r  ra t io  of 1 : 4  led to the same  resu l t .  Addition of 5 mole  % of Pd(PPh3) 4 in the r eac t ionof  
ace ta tes  (IID and (IV) with (i-Bu)3A1 did not influence the composi t ion of the products .  

follows f r o m  the above examples  that  during ca ta lys is  with Pd (PPh~) 4 the reg iose lec t iv i ty  of the r e -  
actions is p o o r e r  than in the p resence  of CuBr and FeCt 3. 

It has a l ready  been noted that the alkyl subs t r a t e s  that we studied enter  the reac t ion  with t r i a lky la lanes  
in the absence  of ca ta lys t s  a lso.  The cata ly t ic  act ion of t r ans i t ion  me ta l s  cons is t s ,  i npa r t i cu l a r ,  in that  they 
influence the se lec t ive  nucleophil ici ty of the organometa l l i c  reagent ,  thus causing an apprec iab le  change in the 
composi t ion of the reac t ion  mix tu re s  inthe d i rec t ion  of fo rmat ion  of hydrocarbons .  The different  se lec t ive  
nucleophil ici ty of t r i a lky la lanes  in the cata lyt ic  and noncatalyt ic  reac t ions  agrees  with modern  concepts  on the 
par t ic ipa t ion  of OAC in nucleophilic subst i tut ion reac t ions  [2, 5], and on the par t ic ipa t ion  of t r ans i t ion  meta l  
sa l t s  in the c r o s s - c o m b i n a t i o n  reac t ions  of o rganometa l l i c  compounds,  mainly  Gr ignard  reagen t s  [10, 11]. The 
noncatalyt ic  combinat ion of t r i a lky la lanes  with allyl  ace ta tes  ean be cons idered  within the bounds of the SN-1 

- 6  [ 
subst i tut ion,  in which the nucleophilic a t tacking pa r t i c l e  is  the complex anion R--A1--O--C--CH~ . 

, ~ II 
O...A1Rs 
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In catalysis by Cu (1) and Fe (III) salts, a catalytic cycle, including a transition metal in a low-valent state, 
probably takes place in our case also. 

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

The UV and IR spec t ra  were  r eco rded  on "Specord UV VIS n (alcoholic solution) and UR-20 spec t ropho tom-  
e t e r s  (in thin layer) ;  PMR spec t ra  - on the nTesla  BS-487B n appara tus  (60 MHz) with r e f e r ence  to TMS. The 
m a s s  s p e c t r a  were  obtained on MX-1306 s p e c t r o m e t e r  at 70 eV, with the t e m p e r a t u r e  of the ionization chamber  
of 150~ The GLC analys is  was ca r r i ed  out o n t h e  nChrom-5"  appara tus ,  on a l . 2 m x  3 m m  column with 5% 
SE-30 on Chromatone N-AW-DMCS, gas  c a r r i e r -  hel ium (50 m l / m i n ) .  The p r e p a r a t i v e  separa t ion  was c a r r i e d  
out on a " P e r k i n - E l m e r  F-21 H appara tus ,  on a 5 m x  18 m m  columnwith 5% SE-30 on Chromatone  N-AW, gas  
c a r r i e r  - hel ium (300 m l / m i n ) .  

The composi t ions  of the mix tu res  of the i s o m e r i c  hydrocarbons  obtained were  analyzed by PMR s p e c t r a  
and GLC. When i s o m e r i c  hydrocarbons  were  isolated,  the sum of the s p e c t r a  of the individual compounds c o r -  
responded to the s p e c t r u m  of the reac t ion  mix ture .  

The OAC (VIII) was obtained by transal lcylat ion of 1-hexene by a method desc r ibed  in [12]. Acetates  (ID, 
(III), (VI) and (VII) were  obtained f r o m  the corresponding alcohols by s tandard ace ty la t ion  with Ac2Oin pyr idine,  
ace ta te  (V) by t e lomer i za t ion  ofbutadiene with AcOH by the method desc r ibed  in [13]. Acetate (IV) was obtained 
f rom sorb ic  acid by i ts  methylat ion and reduct ion of methyl  sorba te  with LiA1H4, according  to [14]; the ace ty l a -  
tion of the alcohol was ca r r i ed  by the above procedure~ 

Pal ladium te t rak i s - t r iphenylphosphine  was obtained by the method descr ibed  in [15]. 

React ion of Allyl Aceta tes  with Tr i a lky la l anes .  Tr ia lkyla lane  (0.02 mole;  1.5-2 M solution in hexane or 
C~2C12) was  added dropwise  in an Ar  a tmosphe re  at ~ 25~ to a solution of the aceta te  (0.01 mole) in hexane 
or  CH2CI2o In the case  of a catalyt ic  reac t ion ,  7-10 mole  % of the ca ta lys t  were  f i r s t  added to the ace ta te .  In 
the course  of the addition, slight heating of the reac t ion  mixture  was observed .  The end of the reac t ion  was 
recorded  by means  of TLC on A1203 (activity grade  II) (eluent - benzene).  Depending on the reagen ts ,  the r e -  
action finished immedia te ly  a f t e r  addition, or  a f t e r  a few hours  at ~ 25~ The reac t ion  mix tu re  was diluted 
with e the r  and decomposed by H20 , and with 10% HC1. The mix ture  was ex t rac ted  by e ther ,  washed with a solu-  
t ion of sodium carbonate ,  and then H20, and dried over  MgSO4. Af ter  the evapora t ion  of the solvent ,  the r e s i -  

due was analyzed by GLC. 

React ion of Acetate  (III) with (i-Bu)3A1 and OAC (VIII). 5 - M e t h y l - l - p h e n y l - l - h e x e n e  (X), 5 - m e t h y l - 3 -  
pheny l - l - hexene  (XI), 1 -pheny l - l -nonene  (XII), and 3 -pheny l - l -nonene  (XIII) were  obtained by the above p r o -  
cedure without the addition of a catalyst,. I s omer s  (X)-(XIII) were  obtained by p r e p a r a t i v e  GLC. 

Compound (X), n~ 1.5195. I R s p e c t r u m  (v, cm- t ) :  970, 1500, 1600, 1650, 3030, 3065, 3090. PMR spec -  

MeN 1.4 m (3H, CH2) , 2.1 m (2H, CH2C--C) ,  6 .0m (2H, C H = C H ) ,  7.0 m (5H, C6H 5) 
Me/C), t r u m  (6, ppm): 0.8 d (6H, 

m / z  174o 

Compound (XI), n~ 1.4961. IR s pec t rum  {v, era- t ) :  920, 1000, 1500, 1600, 1640, 3010, 3030, 3065, 3090. 
Me\ 

PMR spec t rum (6, ppm):  0.8 d (6H, Me/C), 1.45 m,  (3H, CH2) , 3.2 m (1H, CHC6Hs), 4.8 m (2H, CH 2 = C ) ,  5.45- 

6.1 m (1H, CH----CH), 7.0 m (5H, C6H5). m / z  174. 

Compound (XII), n~ 1.5142. IR s pec t rum (p, cm-1):  970, 1500, 1600, 1660, 3050, 3080, 3100. PMR spec -  
t r u m  (6, ppm):  0.9 t (3H, CH3), 1.35 m (10H, CH2) , 2.2 m (2H, CH2C=C), 6 .1m (2H, C H = C H ) ,  7.2 m (5H, C6Hs). 
m / z  202. 

Compound (XIII), n~ 1.4935. IR s pec t rum ~,  cm-1):  910,990,  1500, 1600, 1640, 3020, 3050, 3080, 3100. 
P M R s p e c t r u m  (6, ppm):  0.8t  (3H: CH~), 1.0-1.7 m (10H, CH2), 3.1 m OH, CHC~H5),4.9 m (2H, CH2=C),  5.6- 
6.2 m (1H, CH =CH),  7.2 m (5H, C6H5). m / z  202. 

React ion of Acetate (IV) with (i-Bu),~A1. Hydrocarbon  (IX) was obtained by the p rocedure  without addition 
of ca ta lys t ,  yi,~.ld 77%*, bp 178-180~ n~ 1.4583. UV spec t rum:  Xmax 228 nm (e 21,000). IR s p e c t r u m  (v, cm-1): 

*The yield,  physical  constants ,  and spec t ra l  c ha r ac t e r i s t i c s  a r e g i v e n  f o r e  reac t ion  mix ture  with 86% content 
of (IX). 
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Me 
1000, 1610, 1640, 3025. PMR spectrum (6, ppm): 0.8 d (6H, /~C), 1.0-1.5 m (3H, CH2) , 1.7 d (3H, CH3C =C), 

Me 
1.9 m (2H, CH2=C) , 4.8-6.2 m (4H, CH=CH). m/z  138. 

Combination of Acetate iV) with Et3A1, (i-Bu)3Al,and OAC (VIII). Hydrocarbons (XIV)-(XVIt) were ob- 
tained in presence of catalysts listed in Table 2. 

1,6-Deeadiene (XIV), yield 68%, bp 174-176~ n~ 1.4352. IR spectrum (TJ, cm-1): 915, 980, 1000, 1650, 
3085. PMR spectrum (6, ppm): 0.9 t {3H, CH3), 1.1-1.7 m (4H, CH2) , 2.0 m (6H, CH2C --C), 4.9 m (2H, CH 2 =C), 
5.2-6.0 m (3H, CH----CH). m/z 138. 

6-Vinyl-l-oetene (XV) was isolated by preparative GLC, n~ 1.4340. IR spectrum (p~ cm-1): 920, 1000, 
1650, 3085. PMR spectrum (6, ppm): 0.8t  (3H, CH3), 1.25m (6H, CH2), 1.9 m (3H, Ctt2C =C), 4.8 m (4H, 
CH2=C), 5.0-6.0 m (2H, CH=CH), m/z  138. 

10-Methyl-l,6-undecadiene (XVI), yield 74%, bp 61-63~ (6 ram), n~ 1.4430. IR spectrum (~, cm-1): 
Me 

920, 980, 1000, 1650, 3085. PMR spectrum (6, ppm): 0.8 d (6H. ~c), 1.0-1.6 m (5H, CH2), 1.9 m (6H, CH2C = 
Me 

C), 4.7 m (2H, CH 2 =C), 5.0-5.8 m (3H, CH----CH). m/z 166. 

1,6-Tetradecadiene (XVII), yield 86%,bp 83-83.5~ (6 ram), n~ 1.4465. IR spectrum (~, cm-1): 920, 980, 
1000, 1650, 3085. PMR spectrum (6, ppm): 0.8 t (3H, CH3), 1.2 m (12H, CH2) , 1.8 m {6H, CH2C =C),4.4-4.8 m 
(2tt, CH 2 =C), 4.8-5.7 m (3H, CH =CH). m/z  194. 

Reaction of Acetate {VI)with (i-Bu)~A1 and OAC (VIII). In the reaction hydrocarbons (XVIII)and (XIX) 
were obtained. 

4,6-Dimethyl-2-heptene (XVIII), yield 70%, bp 60~ {20 ram), n~ 1.4135. IR spectrum (~, cm-1): 980, 
1660, 3040. PMR spectrum (6, ppm): 0.8 d, 0.9 d (9H, CH3) , 1.2 m (3H, CH2) , 1.6 m (3H, CH3C -C) ,2 .0  m 
(1H, CHC =C), 5.25 m (2H, CH =CH). m/z  126. 

4-Methyl-2-decene (XIX), yield 67%, bp 75-77~ (20 ram), n~ 1.4270. IR spectrum (u, cm-1): 975, 1650, 
3035. PMR spectrum (6, ppm): 0.9 m (6H, CH3) , 1.2 m (10H, CH2) , 1.6 m (3H, CH3C -~C), 1.9 m (1H, CHC=C), 
5.25 m (CH=CH). m/z  154. 

Re__action of Acetate (VII)with (i-Bu)~A1 and OAC (VIII). lathe reaction hydrocarbons (XX)and (XXI) 
were obtained. 

2-Isobutyl-l-cyclohexene (XX), yield 80%, bp 68-70~ (20 ram), n~ 1.4547. IR spectrum (v, cm-1): 730, 
1655,3030, 3075. PMRspectrum {6, ppm): 0.9 d (6H, CH3) , 1.1-1.5 m (3H, CH2) , 1.6 m (4H, CH 2 in the ring), 
1.75-2.3 m (3H, CH2C =C), 5.6 m (2H, CH =CH). m/z 138. 

2-Hexyl-l-cyclohexene (XXI), yield 63%, bp 98-99~ (20 ram), n~ 1.4550. IRspectrum (y, cm-t): 720, 
1660, 3050, 3090. PMR spectrum (6, ppm): 0.85 t (3H, CH3), 1.25 m (10H, CH2) , 1.5-2.1m (4H, CH 2 inthe 
ring, 3K, CH2C =C), 5.5 m (2H, CH =CH). m/z 166. 

C O N C L U S I O N S  

l~ has been shown that the structure of allyl acetates has an appreciable influence on the character of 
their alkylation by trialkylalanes. The presence of catalytic amounts of Cu(i), Fe (III)and Pd (PPh3) ~ consider- 
ably increases the selectivity of the reaction. 
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STRUCTURE OF PRODUCT OF 

BETWEEN PHENYLPHOSPHINE 

AND PHENYLDICHLOROARSINE 

AND PHENYLARSINE OXIDE 

REA  C T I O N  
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Cyclopolyphosphines and cyclopolyars ines  with small  and medium rings are  known, and have been fa i r ly  
well investigated [1-3]. Compounds with small  r ings (n=3, 4) containing all the possible combinations of phos-  
phorus and a r sen ic  atoms have been descr ibed  in [3, 4]. The exis tence of these  compounds with medium rings 
(n = 5, 6) has not yet  been shown. 

1 ,2 ,3 ,4 ,5 ,6-Hexaphenyl-1 ,3 ,5- t r iphospha-2 ,4 ,6- t r ia rsaeyclohexane  (I), nap 181 ~ was obtained by the 
react ion of phenyldiehlorophosphine with phenylars ine .  Its e lemental  composit ion corresponded to phospharso-  
benzene (PhP-AsPh)3, but the s t ruc tu re  of the product  has not yet  been studied [5]. During rec rys ta l l i za t ion  
f rom benzene,  hexaphenylcyclohexaarsane (PhAs)~ separa ted  as a precipi ta te ,  and f rom xylene - p e n t a p h e n y l -  
eyclopentaphosphane (PhP) 5. l~ was concluded [2] that the reac t ion  of phenyldichlorophosphine with phenyl-  
a rs ine ,  like the reac t ion  of phenylphosphine with phenyldichloroars ine ,  gives a mixture  of disproport ionat ion 
products ,  but the conditions of car ry ing  out the exper iment  and the physical  constants of the products  wereno t  
given. 

We studied the reac t ion  of phenylphosphine with phenyldiehloroars ine  and phenytars ine  oxide. 

Ph 
l 

P 
q-PhAsCh Ph--A/  Xs--Ph 

PhPH~-- I I----+ I , 
. Ph--P P--Ph 

+ (PhAsO) n ~ / 
As 
i 

Ph (I) 

In both cases  one and the same product  was obtained, which crys ta l l ized  fromC~HjN, and whose e le -  
mental  composi t ion and melt ing point were  identical with those given in [5]. The elemental  composit ion and 
molecu la r  weight of the product ,  equal to  848 for  the initial sample,  and 890 for  a sample with a l a r g e r  weight, 
hake it possible to select  between the possible s t ruc tu res  in favor  of (I) (tool. wt. 780). A cer ta in  overes t imate  
of the exper imenta l  values may be due to the  poor  solubility of the mate r ia l .  

The mass  spec t ra  of compounds with rings consisting of P and As atoms have not been descr ibed  in the 
l i t e r a tu re ,  However,  the re  are  comprehensive  data on the mass  spec t ra  of eyelopolyphosphines and eyclopoly-  
a r s ines ,  showing that these c lasses  of compounds have interes t ing m a s s - s p e c t r o m e t r i c  fea tures  [2, 6, 7]. In 

E. A.Arbuzov Institute of Organic and Physical  Chemis t ry ,  Kazan '  Branch, Academy of Sciences of the 
USSR. Trans la ted  f rom Izvest iya Akademii Nauk SSSR, Seriya Khimicheskaya,  No. 5, pp. 1152-1155, May,1983. 
Original ar t ic le  submitted June 28, 1982. 

1040 0568-5230/83/3205-1040507.50 �9 1983 Plenum Publishing Corporat ion 


