
which a re  typical of react ion between CO and H 2 both for heterogeneous and meta l -complex  cata lys ts .  In this 
connection a detailed study of react ion mechanisms catalyzed by t rans i t ion-meta l  complexes may prove useful 
for  devising new and improving tradit ional heterogeneous cata lys ts .  

C O I N C  L U S I O N S  

1. The effect has been found of the cha rac t e r i s t i c s  of each component of the catalytic sys tem MnL m -  
A1X 3- reduc ing  agent on its p roper t ies  in the synthesis  of alkanes f rom CO and H 2. 

2. It was found by infrared spec t roscopy  that during the react ion a rhodium c lus te r  is broken down to 
monocyc l i c . .  

3. A mechanism of the p roce s s  including the cycl ic  t ransi t ion state  was proposed.  
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CA TA LYTIC c~-AILKYLA TION OF A LDEHYDES 

WITH OLE FINS 

M. G. Vinogradov, [. P. Kovalev, 
and G. I. Nikishin 

UDC 542.97:66.095.253: 
547.281:547.313 

The use of the one-e lec t ron  oxidizing agent Mn (ffD aceta te  in a s to ichiometr ic  quantity enables the a - a l -  
kylation of aldehydes to be accomplished in acet ic  acid solution at 40-60~176 The yield of c~-alkyl-substituted a l -  
dehydes is 30-35% [1]. 

The purpose of the present  study is to develop a catalytic method for  the o~-alkylationof aldehydes byolef lns  
in the p resence  of 0 2 [2, 3]~ using as example the react ion between PrCHO and 1-heptene 

/ ~ / c ~ o  + .~ , , , , / ~ , /~  
Et 

~ / o ,  I (1) 

CHO 

Reaction (1) was ca r r i ed  out at  50-70 ~ in AcOH containing aceta tes  of the transi t ion metals  (Co, Mn, Ni, Ce, Cr) 
with bubbling of a i r  through the mix tu re  of reac tan ts .  During the reac t ion ,  PrCHO and 2 'e thyinonanal  a re  p a r -  
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T A B L E  1. C a t a l y t i c  A l k y l a t i o n  of P r C H O  with 1 - H e p t e n e  a 

Expt. Catalyst 

t Co (OAc) 
2 Co (OAc) 2 d 
3 Co (OAe). e 
4 Co (Oie) ~ f 
5 Co (OAt) ~ g 
6 Mn (OAc) z 
7 Ni (OAc) 
8 Ce (OAt) 
9 Cr (0At) 3 

i0 

Conver- Composition of reaction products, 
si~176 ~ '~  ' o ~ } ~  ~ 
1-heptene ~, ~ "~y~ 

~ , o "o 

mole %. 

83 7' 
35 7( 
92 
77 5 ( , 
60 6( 
60 4~ 
53 4( 
70 4( 
88 21 
86 t: 

25 
34 

2 
2 

t0 
8 
4 

t t  
4 

1t 
8 

t l  

90(100) c 
90 
93 
39 
35 
73(8i) c 
72 
31 (86) c, 

Total 
yield of 
products 
on con- 
vetted 
i -hep- 

~ tene~ % 

56 
83 
66 
61 
61 
70 
93 
85 
84 

t00 

a s o l v e n t -  AcOH,  [PrCHO] = 4,  [1-heptene]  = 0 .4 ,  [ca ta lys t ]  = 0.04 
M (under  the cond i t i ons  m e n t i o n e d  the  v a l e n c y  s t a t e  of  the c a t a l y s t  
c o r r e s p o n d s  t o  tha t  g iven  in the t ab le ) ;  the  r a t e  of  bubbl ing  a i r  was  
28 h - 1 , 7 0  ~ , 5 h ~  

bThe  ex ten t  to which P r C H O  is  ox id i zed  to P rCOOH is 5-15%. 
CIn p r e s e n c e  of  a c o c a t a l y s t  [Cu(OAc)2] = 3 •  10 -~ M. 
d A i r  f eed  r a t e  7 h - l~  

eOxygen  was  bubbled  th rough  the r e a c t i o n  m i x t u r e  a t  a r a t e  of  14 
h-1.  
fSolvent - PrCOOH. 
gSo lven t  - d i m  e t h y l f o r m a m i d e  (DMFA). 

t i a l l y  o x i d i z e d  to the c o r r e s p o n d i n g  o r g a n i c  a c i d s .  B e s i d e s  a l k y l a t i o n  a t  the c~-carbon a t o m ,  P r C H O  is a l k y l a t e d  
a t  the  c a r b o n y l  c a r b o n  a t o m  with f o r m a t i o n  of  4 - u n d e c a n o n e  [4] 

o 0 c~o (2) CHO ~nto~ / V ~ / %  �9 II / \ /  II 
/ ~ /  . . . .  h A  ' M ~ - - - -  A A A A A  

0 

The alkylation products  also contain a ce r ta in  quantity of n--decane and pelargonic  acid (Table 1). n -Decane  is 
produced probably  as a r e s u l t  of decarbonylat ion of 2-ethyh~.onanal as well as by the addition to 1-heptene of n -  
propyl  r ad ica l s  which occur  during the decomposi t ion  of PrC = O rad ica l s .  Pelargonic  acid is the alkylation 
product  of  the solvent  AcOH with 1-heptene.  

Since reac t ions  (1)and (2) a re  compet i t ive ,  it is convenient to r e p r e s e n t  the percen tage  contribution of r e a c -  
tion (1) to the total alkylation p roces s  by the quantity S a (the se lec t iv i ty  of a-a lkyla t ion)  de te rmined  f rom the 
equation* 

[2 -e thy lnonana l ]  + [2 -e thy lnonano ic  acid]  
S~ = 

[2 - e thy lnonana l  [ + [2 -e thy lnonano ic  acid]  + [4-undecanone]  

The quan t i t y  S a is  e s s e n t i a l l y  d e p e n d e n t  on the c h a r a c t e r i s t i c s  of the c a t a l y s t .  The m o s t  a c t i v e  is the  Co 
c a t a l y s t .  L ike  the a c e t a t e s  of  the o t h e r  m e t a l s  (see Tab le  1),  i t  e f f e c t i v e l y  c a t a l y z e s  r e a c t i o n  (1) on ly  a t  high 
c o n c e n t r a t i o n s ,  such  as  10-2-10 -1 M (Fig.  1, c u r v e  1) , w h i l e  wi th  low c o n c e n t r a t i o n s  a l k y l a t i o n  a c c o r d i n g  to a r -  
r a n g e m e n t  (2) p r e d o m i n a t e s .  

The s e l e c t i v i t y  of  a - a l k y l a t i o n  i n c r e a s e s  in the  p r e s e n c e  of  a c o c a t a l y s t  - Cu@I) a c e t a t e ,  which is m o s t  
e f f i c i en t  a t  a c o n c e n t r a t i o n  of  1 x 10-5-5  x 10 -5 M. In the  p r e s e n c e  of the c a t a l y s t  s y s t e m  C o ( O A c ) J C u ( O A c ) 2  
(100:1)  a l k y l a t i o n  p r o c e e d s  e x c l u s i v e l y  on the a - c a r b o n  a t o m  of  the  a l d e h y d e .  Add i t ion  of  a l k a l i - m e t a l  (Na, K, 
Li) a c e t a t e s  h a s  no e f fec t  on S a .  

In the  c o u r s e  of  the  r e a c t i o n ,  d e p e n d i n g  on t h e  a i r  supp ly  r a t e  and t e m p e r a t u r e ,  the  c a t a l y s t  can  be in a 
d i f f e r e n t  v a l e n c e  s t a t e .  This  is v e r y  t y p i c a l  of Mn and Co. In i t s  t u rn  the v a l e n c e  s t a t e  of  the m e t a l c o n s i d e r -  
ab ly  e f f ec t s  the  c o m p o s i t i o n  of the  a l k y l a t i o n  p r o d u c t s .  F o r  e x a m p l e ,  a t  70 ~ (see T a b l e  1, Expt .  1) i n t h e p r e s e n c e  
of  Co (OAc) 2 (the so lu t ion  is pink) S a = 90%, but  a t  50 ~ when Co(H) i s  p a r t l y  c o n v e r t e d  to Co(III) (green  c o l o r a -  
t ion) ,  S e~ i s  r e d u c e d t o  72%. The o p p o s i t e  p i c t u r e  is  o b s e r v e d  in the  c a s e  of  a m a n g a n e s e  c a t a l y s t :  when we 

* B e c a u s e  the n - d e c a n e  con ten t  in the  a l k y l a t i o n  p r o d u c t s  is  no t  v e r y  l a r g e  (5-10%) and l i t t l e  dependen t  on the 
r e a c t i o n  c o n d i t i o n s ,  i t  is  no t  t aken  into c o n s i d e r a t i o n  when So~ i s  d e t e r m i n e d .  
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Acetic 

Propionic 

Butyric 

g 

Isobutyric ~ 

VaIeric 

TABLE 2. Synthesis  o f  ~-Alkyl - -Subs t i tu ted  Aldehydes  

I Olefin cr 
Aldehyde Olefln r.,"c conver- aldehyde 

sion 

clio 
1-Hexene 70, 40 N / N / N / N /  

CHO 
l-Nonene 50 43 /\/N/N/N/ 

] 

HO\/ I cHo 
3,7 -Dirnethyl-7- 50 34 /N/N/N/N/ 
hydroxy-l- oetea~ I 

//---.. / CliO Dipentene 5t1 88 

CKO 
t-Heptene 70 35 \ / \ / \ / \ (  

E t  

lION/ l CHO 3,7-Dimethyl-7- 70 5t /\/\/\/\/ 
hydroxy-I - I 
octene Et 

_ / / - -N_/  CI tO Dipentene 70 56 \--/ \__/ ! 
"-.Et 

CHO 
l-Octene 70 25. /\/\/\/\/ /\ 

CI-IO 
1-Octene 70 46 /\/N/\/\/ 

pr 

converted 
oleffn, % 

43 

5i 

54 

62 

55 

48 

55 

30 

44 

* Solvent  - AcOH,  [aldehyde] = 4,  [olefin] = 0.4,  [Co (OAc) 2] = 4 
X 10 -2, [Cu (OAe)2] = 3 x I0 -4 M, rate of bubbling air - i0 h -i ,  

5h.  

$~ //o 

,00 2 

8O 

60 

;t0 

i l ] 1 I 
20 50 fO0 

it0 (0~c)Z] 'I0, ~ M 

Fig.  1 Fig. 2, 

I 

[c09~)2].10} M 

Fig.  1. Rela t ion  be tween Sa  and Co (OAc)z concen t r a t ion  in r eac t ion  of  I>rCHO with 1 -hep tene  
us ing the r edox  s y s t e m s  Co (OAc) ~/O 2 {1), Co {OAc)2/AcOOH (2), and Co (OAc) J l : ' r C H O  (3). The 
a lkyla t ion  condi t ions  a r e  shown in the no te  in Table 3. 

Fig. 2. Dependence  of the s t o i c h i o m e t r i c  coef f ic ien t  x f o r  Co (OAc)2 in r eac t i on  with pe r ace t i c  
(1) and p e r b u t y r i c  (2) ac ids  on the sa l t  concen t ra t ion .  Solvent  - A c O E ,  [Co(O.Ac)2]/peracid =4, 20 ~ 

change  f r o m  Mn(OAc) 2 (an a l m o s t  c o l o r l e s s  so lu t ion  a t  70 ~ to Mn (OAc)3 (a d a r k - b r o w n  solut ion a t  50 ~ So~ in-  
c r e a s e s ,  on the o the r  hand,  f r o m  73 (see Table 1, Expt.  4) to 96%. A d r a w b a c k  with the Mn(OAe)3 c a t a l y s t  is 
the c o m p a r a t i v e l y  slow alkyla t ion r a t e ,  two o r  t h r e e  t imes  lower  than in the c a s e  of Co (OAc)2 , as  well a s  the 
f o r m a t i o n  of  a l a r g e  quant i ty  of  t>rCOOH. 

] 'he bes t  condi t ions  fo r  c~-alkylation found in the example  of  r eac t i on  (1) (Table 2) w e r e  used fo r  the s y n -  
thes is  of  o ther  ~ - a l k y l - s u b s t i t u t e d  a ldehydes .  As fol lows f r o m  Table 2, in the r eac t ion  unde r  inves t iga t ion ,  not  
only can 1 -a lkenes  be used ,  but a lso  d ienes  with isolated double bonds ,  such as d ipen tene ,  as  well a s  funct ional ly  
subst i tu ted o le f ins ,  fo r  example ,  3 , 7 - d i m e t h y l - 7 - h y d r o x : v - l - o c t e n e .  In the c a s e  of d ipentene  the r eac t ion  takes  
p lace  se l ec t ive ly  at  the t e r m i n a l  mul t ip le  bond. 
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TABLE 3. Selectivity of c~-Alkylation (Scz , ~,) of PrCHO by 1-Hep-  
tene in the Presence  of Various Redox Systems a 

Redox system 

M-/O2 b 
M~/AcOOH c ,~ 
M~+,/aldehyde ~ 

95 

t0oe 

A 

90 
89 
9O 

73 72 
75 68 
75 65 

6t 51 I 35 
36 

37 e 37 

a) S o l v e n t - A c O H ,  [PrCHO] = 4 M, [1-heptene] = 0.4, [Mn(oAc)n ] = 
4x  10-2M, 70 ~ M n - t h e  valence indicated for the metal  c o r r e -  
sponds to its steady state in the course  of the reaction.  
b) Rate of supplying a i r  - 28 h -1. 
c) The peracid was gradually added to the reactants  mixture.  
d) M n+l  = Mn(OAc)3or Co(OAc)3, [M n+l] = 1 x 10 --3 M. 
e) Sa was determined with [Mn(OAc) 3] = [Co(OAc) 3] = 4 x 10 -2 M 
and their low conversion (about 10%). 

~e 

bo o 

M m  

X 2 �84 

x ! 

I 
~0 

[M'(OAc&].IO, 3 M 

o - -  

20 

$,~ , % 

I - - -  
I 

4 0 ' [  i I I I i 
0 10 ZO JO 90 #g 6g 

~ 

Fig. 3 Fig. 4 

Fig. 3. Relation between s toichiometr ic  coefficient x for Mn(OAc)2 fl) and Ce(OAc)3 (2) in 
react ion with peracet ic  acid. Solvent - A c O H ,  [M n (OAC)n]/[AcOOH] = 4, 20 ~ 

Fig. 4. Dependence of SoL on tempera ture  when the react ion of PrCHO with 1-heptene is 
initiated by the redox sys tem Co(OAc)JPrCHO in an inert  a tmosphere .  Solvent - A c O H ,  
[Co(OAc)~J = I • 10 -3, [Co(OAc)2] = 1.5 • 10 -2 M. 

To find the role of the cata lyst  in the process  under investigation, the a-alkylat ion of PrCHO by 1-heptene 
has been studied in the presence  of var ious redox s y s t e m s :  Mn/O2, Mn/AcOOH, and Mn+I/PrCHO (in an inert  
a tmosphere) .  As follows f rom the tables the ca ta lys ts ,  according to their activity in react ion (1) expressed by 
the quantity So~ , a re  placed in the same o rde r  for all the redox sys tems  investigated (the valence re la tes  to the 
state of the cata lyst  in the course  of the react ion) :  Mn([II) > Co{U) > Mn(II) ~Ni(II) > Ce{IIl) > Cr(IIl) > 
Co (tit). 

The dependence of S~ on the ca ta lys t  concentrat ion (see Fig. 1) is of the same type (a pronounced increase  
in S~ in the 10-3-10 -2 M cata lyst  concentrat ion range),  both in the presence  of O 2 (curve 1) and when employing 
the redox sys tems  Co(OAc)2/AeOOH (curve 2) and Co(OAc)JPrCHO (curve 3). ~he increase  in S~ with a r i se  
in the cata lyst  concentrat ion is apparently associated with a reduction in the contribution f rom the f r ee - rad ica l  
mechanism (2) in the alkylation. When Mn/RC(O)OOH redox sys tems  are  employed this can be judged, in pa r -  
t icular f rom the variat ion of the s toichiometr ic  coefficient (x) for Co(OAc)2, Mn(OAc) 2, and Ce(OAC) 3 in the r e -  
action of AcOOH with PrC(O)OOH (Figs. 2 and 3). 

The react ion of peracids  with metal  sal ts  was studied previously in [5-7], but data on the s toichiometry  
of this react ion is lacking. The s to iehiometr ic  coefficient x for  the meta l s  r e f e r r ed  to in react ion with 
peraeids  var ies  from 1 to 2 (with excess  of meta l  salt) in the range of salt  concentrations between 
2 x 10 -3 and 1 x 10 -~ M. With [M n] <- 2 • 10 -3 M, when x -- 1, decomposition of the peraeid proceeds according 
to Eq. (3). 'l'he f ree radicals  which a r i se  ('OH) abs t rac t  hydrogen f rom PrCHO, initiating the f r ee - rad ica l  r e a c -  

tion at  Eq. (2) 
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RC(O)00H + M n ---, RC(O)0M n+1 + "OH (3) 
M n + 'OH ~ Mn+IOH (4) 

2M n + t~C(O)OOH ~ BC(O)OM n+l + M n+10H (5) 

With [Mill >- 0.01 M the coefficient x for M n (Okc) n becomes equal to 2 in accordance  with the overal l  equation 
(5). Under these conditions the react ion ra te  of "OH radicals  with the metal  is considerably higher  than that of 
their react ion with PrCHO. Thanks to react ion (4), with a high cata lyst  concentration inhibition of the f r e e - r a d -  
ical ketone-format ion process  occurs  [Eq. (2)]. It may  also be assumed that with a high concentrat ion the metal  
salt  reac ts  with RC (O)OOH as a d imer ic  complex M2(OAc) 4, i .e. ,  react ion (5) is s ingle-s tage.  Never theless ,  
such a hypothesis is not valid, at leas t  for Co (OAe)2, which was found in [8] to be present  in an acetic acid solu-  
tion as a mononuclear  complex in the 10-2-10 "l M concentrat ion range.  

Thus, with a low catalyst .concentrat ion a-alkylat ion of aldehydes takes place by a f r ee - r ad i ca l  mechanism 
as a resul t  of addition of the RCHCHO radical  to the olefin. Under these conditions low selectivity of ot-alkyla- 
tion is observed (Sc~ = 35-37~0). This does not depend on the type of catalyst  and agrees  with the value obtained 
in the absence of a cata lyst  (Table 3). The preferent ia l  formation of the ketone in (2) under conditions of f r e e -  
radical  initiation is attributed to the high stability of the RC = 0  radical  in RCHCHO. 

With a high cata lyst  concentrat ion alkylation probably takes place in the coordination sphere of the metal  
ion as indicated by the following facts : a) high a-alkylat ion select ivi ty (S a = 95-10070); b) the same, dependence 
of S a on the charac te r i s t i c s  and concentrat ion of the ca ta lys t  when different redox sys tems  are  used; e) the ab-  
sence f rom the react ion mixture  of acids with one carbon atom less  than in the original  aldehyde which would 
have been formed as a resul t  of oxidation by the oxygen of the RCHCHO radical .  

"ihe individual stages of catalytic a-a lkyla t ion can be shown by gqs. (6)-(12). 

0 0 0 (6) 

R / ~ (  + M ~+~ -~ R/~' (  "M '~+~ -~+~ R/%( \~+~ 
H H H 

(I) 
O R' 

(II) 

r 0 

H 

(7) 

(m) 
R 

o I o o (8) 

(m) + + R 
H H 

0 O' 

(i) ~ R / k x (  ~_~R-/'%( +M n (9) 
H H 

(iv) 
o o o (10) 

+ R ' / x (  + R 
H H 

a/%// 0.1) + MnOAc ~ R -~ t / / ~ |  + M n-1 
OAc OAc 
(V) 

Since the ace ta tes  of the invest igated me ta l s  a r e  in the act ivated (oxidized) fo rm (Mn+~); such as Co(OAc) 3 
and Mn (OAe) 3 - l o w - s p i n  complexes [91 with vacant  d -orb i ta l s ,  they a re  strong Lewis acids which cause depro-  
tonation of the aldehyde forming the enolate (D, which reac t s  with the olefin according to Eq. (7). As in other  
homogeneous-cata ly t ic  react ions  of s imi la r  type in [10], addition of the olefin evidently procedes its coord ina-  
tion on the centra l  ion. Dissociation of the unstable ~-complex ([l) gives the radical  ([II) which detaches hydro -  
gen f rom the original  aldehyde to form the a-a lkyl -subs t i tu ted  alkanal. Since 2-ethyinonanal,  prepared by the 
alkylatton of PrCHO with 1-heptene in AcOD, contains no deuter ium, the heterolyt ic  decomposit ion of complex 
(H) under the conditions chosen ei ther  does not occur  o r  makes an insignificant contribution to catalytic a lkyla-  
lion. 

1269 



The addition to an olefin con t ra ry  to the Markovnikov principle permits  the hypothesis that the a -a lky la -  
tion of aldehydes in the coordination sphere of a metal  takes place preferent ial ly  according to a homolytic m e c h -  
anism with the participation,  accordingly ,  of an enolate of a--alkyl complex. 

�9 0 ~- 7z 
p t / / ~ , / /  "XM'2+I ~ M ~ M n§ < 

R R 

"c . . . .  c : "  R / i  ' 
. . . . .  ~_~, 

( 1 3 )  

The homolytic decomposi t ion (9) of the enolate (I)to form theRCHCHO radical  competes with react ion (7). This 
radical  can not only add on to the olefin, but also interact  withthe aldehyde according to (10) to form acyl radicals .  
Therefore ,  the selectivity of the a-alkylat ion depends on the ability of the metal  ions to reac t  with radicals  {IV) 
[this reac t ionis  the r eve r se  of (9)], in this way displacing the equilibrium in (9) towards complex ([). The equili-  
br ium in (9) shows that the enolate (D can be regarded as a a - complex  of the radical  in (IV) with the metal a c e -  
tate in [11]. 

The ability of metal  carboxylates  to form a o--complex (I) with radicals  {IV) should be connected with the 
facil i ty of substituting ligands on the metal  ion. In fact ,  the o rde r  of activity found for the ions in the catalytic 
a-alkylat ion of PrCHO (see Table 3) accords  qualitatively with the o rde r  of lability of t rans i t ion-meta l  complex-  
es in a ligand exchange react ion d 4, d 5 > d 3 > d 6 [12]. The existence of the equilibrium in (9) is confirmed by 
the dependence of the value of Sa on the cata lyst  concentrat ion (see Fig. 1) and the tempera ture  (Fig. 4). 

However, the linking of enolate radicals  to complex (D according to Eq. (9) does not fully account for the 
high selectivity of a-a lkylat ion,  because the acyl radicals  occur r ing  according to Fqs. (8) and (10) a re  capable 
of addition to an olefin according to the a r rangement  in (2). It can only be assumed that the acyl radicals  also 
form a labile a - c o m p l e x  (V) with the catalyst  which, unlike complexes (I) and (II), is decomposed according to 
the heterolyf ic  mechanism in (11) [13,14]. Heterolysis of the C - M  bond in complex (V) is facilitated by the 

+ 
formation of the stable aeylium cation RC=O.  Because Cu(II) ions are  considerably more  react ive  in oxidizing 
free radicals  than the ions of the other  metals  investigated [13] the use of Cu{it) as a cocata lys t  leads to a m a r k -  
ed increase  in the select ivi ty of a-alk-ylation. 

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

The initial aldehydes and olefins were commercial reactants purified by distillation immediately before 
the experiment~ Co {iI), Mn (If), Ni {iI), Ce (lit), Cr (III), and Cu(II) acetates were purified by recrystallizing them 
twice from 80% AeOH. Co if[I) [7] and Mn {ill) [15] acetates were prepared according to well-known methods~ 
Peracetic and perbutyTic acids were prepared by the reaction of H202 with acetic and butyric anhydrides respec- 
tively. 

The PMR spectra were obtained in CC14 in a "Varian-DA-60-IL" spectrometer (60 MHz). The IR spectra 
were obtained with a thin layer  in a UR-20 instrument and the mass  spectra  in a "Varian-MAT CH-6" ins t ru-  
ment.  Gas - l iqu id  chromatography was car r ied  out in an LI~M-8MD (5) instrument  with a f lame-ionizat ion de-  
tector  in 300 x 0.3 cm columns,  15% PFMS-4 on Chromosorb R and 10% PEG-20M + 1% terephthalic acid on 
Chroma ton N-AW. 

Procedure  for Catalytic a-Alkylat ion of PrCHO with 1-Heptene. A mixture of 100 g 0 .4  mole) of PrCHO 
and 13.7 g (0.14 mole) of 1-heptene was placed in a cylindrical  200 x 50 ram-glass  react ion vessel  fitted with a 
porous glass partition and connected to a reflux condenser.  To the mixture  of aldehyde and olefin was added 
0.5 g (0.014 mole) of Co(OAc) 2 " 4H20 and 0.02 g (1 • 10 -4 mole) of Cu(OAc) 2" H20 dissolved in 200 ml of AcOH. 
Air was bubbled through the result ing solution at the ra te  of 7 h -1 for  6 h at 70 ~ The unreacted aldehyde and 
olefin were then distilled off and the mixture  was treated with water ,  extracted with petroleum ether ,  and the 
ext rac t  distilled. We isolated 8.27 g of 2-ethylnonanal of 95-97% puri ty,  bp 90-92 ~ (10 ram). PMR spect rum 
(5, ppm): 9.49 d (CHO), J = 2.6 Hz. IR spec t rum (v, cm-1) �9 1725 (C = O), 2705 (HCG). 

The residue was treated with 40% NaOH solution, HC1 was added till the reaction was acid, it was extracted 
with petroleum ether ,  and the extract  distilled. The product was 1.82 g of 2-ethylnonanoie acid,  bp 120 ~ (3ram). 
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PMR spec t rum (5, ppm):  10.87 s (COOH). IR s p e c t r u m  (~,, e ra - i ) :  1730 (C : O), 3540 (COH). 

Other c~-alkyt-substi tuted aldehydes were  p repa red  s imi l a r ly .  

2-Methylundecanal ,  bp 132-134 ~ (18 mm).  PMR spec t rum (6, ppm):  9.45 d (CHO), J =  2.6 Hz. I19 s p e c -  
t rum (~, a m - l ) :  1725 (C = O), 2705 (HCO). 

2 -P ropyIdeeana l ,  bp 137-139 ~ 07 ram).  PMR s p e c t r u m  (5 ,  ppm):  9.53d(CHO), J = 2.6 Hz. Ilq: spec t rum 
(~,, e ra- l ) :  1725 (C = O), 2705 (HCO). 

9-Hydroxy-2 ,5 ,9- t r in~ethyldaeanal ,  bp106-108 ~ (0.2 r a m ) .  PMR s p e c t r u m  (5 ,  ppm):  3.65 s (OH), 9.49 d 
(CHO), J = 2.8 Hz. IR s pec t rum  (v, e ra - l ) :  1725 (C = O), 2710 (HCO), 3425 (OH). 

2 -E thy l -9 -hydroxy-5 ,9 -d imethy ldaeana l ,  bp 115-117 ~ (0.2 mm) .  PMR spec t rum (5, ppm):  3.65 s (OH), 
9.49 d (CHO), J = 2.8 Hz. IR s pec t rum  (v, em -1): 1725 (C = O), 2710 (HCO), 3425 (OH). 

2 -Methy l -4 -  (4-m_ethyleyclohex-3-ena- l -y l )pentanal ,  bp 103-105 ~ (0.2 rnm). PMR spec t rum (6, ppm): 4.78 
m (CH = C), 9.45 d (CHO), J = 1.6 Hz. IR s p e c t r u m  (~, e ra- l ) :  1725 (C = O), 2710 (HCO). 

2 - E t h y l - 4 - ( 4 - m e t h y l c y c l o h e x - 3 - e n e - l - y I ) p e n t a n a l ,  bp 113-115 ~ (0.3 ram). PMR speetrmm (5, ppm) : 4.78 
m (CH= C ) , 9 . 4 5 d  (CHO), J = 1 . 6  Hz. I R s p e e t r u m  (u, cm -1): 1725 (C = O ) , 2 7 1 0  (HCO). 

2,2-Dimethyldecanal, bp 68 ~ (4 mm) .  PMR s p e c t r u m  (5, ppm):  9.55 s (CHO). IR spec t rum (u, e ra- l ) :  
1728 (C = O), 2720 (HCO). 

A study of the decompos ition s to ieh iomet ry  of pe r ac id s  by Co ([I), lVln (II), and Ce ([II) ace ta tes  was ca r r i ed  
out by e e r i m e t r i e  t i t ra t ion of Co (III), lVln ([II), and Ca (IV), and with low concentra t ions  of 1Vin (g) and Co ([I) s p e c -  
t ropho tomat r i ca l ly  in a Speeord UV-VIS ins t rumen t  at  X 620 nm for Co ([II) and X 465 for Mn ([II). 

C O N C  L U S I O N S  

1. The cata lyt ic  a -a lky la t ion  of aldehydes by olefins has been accompl ishad in acet ic  acid containing a c e -  
ta tes  of t rans i t ion m e t a l s  of va r i ab le  va lence ,  in the p r e s e n c e  of oxygen. Based on this reac t ion ,  c~-alkyl-sub- 
stituted aldehydes of d ive r se  s t r u c t u r e  have  been synthesized in 30-60% yield on the olefin converted.  

2. The se lec t iv i ty  of the a -a lky la t ion  depends on the p rope r t i e s  of  the meta l  ton as well as its va lence  
s ta te  in the cou r se  of the raae t ion .  It d imin ishes  in tha o r d e r :  lVln([II) > Co(II) > ~Vm([I)-Ni(II) > Ce(I[I) > 
Cr 01II) > Co ([II). A m a e h a n i s m  has  been proposed for  the catalyt ic  c~-alkylation of aldehydes in which the key 
s tage is the react ion  between an enolate complex of the t rans i t ion meta l  and the olefin. 
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