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The carbonyla t ion  of a lkenes and alcohols in the p r e s e n c e  of acid ca ta lys t s  is accompan ied to  a cons ide r -  
able ex ten tby  po lymer iza t ion  and d i s p r o p o r t l o n a t i o n p r o c e s s e s  (up to 60%)[1, 2]. I n  o rde r  toinhibi t  these  
p r o c e s s e s ,  carbonyla t ion  is c a r r i e d  out u n d e r a  CO p r e s s u r e  up to  200-600 a tm [1]. 

It has r ecen t ly  been shown [3] that  t e r t i a r y  alcohols  and alkenes which have branching a t the  double bond 
a re  se lec t ive ly  carbonyla ted  by CO inthe p r e sence  of a BF 3 �9 H 2 0 -  liquid-SO 2 ca ta lys t  (with a mole  ra t io  of 
the BF 3 �9 H20 to the alkene or a lcoholequal  to 2 : 1 to4  : 1, at a tmosphe r i c  p r e s s u r e ,  and at--30~ to fo rm 
(~, (~-dialkylalkanoic ac ids .  N o r m a l  a lkenes a r e  not carbonyla ted  under  these  condit ions.  

In the p r e sen t  work wehave  shownthat  in the p r e s e n c e  of the BF 3 �9 H 2 0 -  liquid-SO 2 ca ta lys t  n o r m a l  
alkenes mixed  with equ imola r  amounts  of alkene with a b r a n c h  at  the doublebond (or a t e r t i a r y  alcohol) under -  
go se lec t ive  cod imer iza t ion  to fo rm carboninm ions fol lowedby the i r  carbonyla t ion to f o r m  carboxyl ic  acids 
with a 70-93% yield  at --30~ and under  1 a tm of CO. 

When a 1:1 : 1 mix tu re  of C3H s, i-C4Hs, and CO is pa s sed  over  the BF 3 �9 H20 --- liquid-SO 2 ca ta lys t ,  the 
cod imer iza t ion  and carbonyla t ion  of C3H 6 and i-Call 8 to f o r m  a 2 : 1  mix tu re  of 2, 4, 4 - t r i m e t h y l -  and 2, 2 ,4 -  
t r i m e t h y l v a l e r i c  acid take place ,  the f o r m e r  acid appear ing  a f te r  the in te rmedia te  fo rmat ion  of carbonium 
ion A, and the l a t t e r  acid appear ing  a f t e r  the in te rmedia te  fo rmat ion  of the eyclopropenyl  cation B, which, 
upon dissocia t ion,  t r a n s f e r s  a pro ton  to propylene  and is then conver ted  into carbori ium ion C (scheme 1). 
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The probabi l i ty  of the exis tence  of the eye lopropenyl  cat ions has been pointed out by many  worke r s  [4], and 
addit ional suppor t  c o m e s  f r o m  the fact  that  in the absence  of i-C4H 8 propylene not only is not carbonyla ted ,  but 
is not even abso rbed .  I t  should be noted that the final gas  does not contain e i ther  C3H G or  i-C4H 8, indicating 
that  they r e a c t  s imul taneous ly .  The se lec t iv i ty  of the convers ion  of propylene into cod imer ic  acids in a m i x t u r e  
with t e r t -bu tano l  is sl ightly higher  (87.3%) than iu tile mix tu re  with isobutylene (72.5%) (Table 1). 

When a 1 : 1 mix tu re  of C3H 6 and 2, 4 , 4 - t r i m e t h y i - l - p e n t e n e  is r eac t ed  with CO, eod imer iza t ion  and c a r -  
bonylat ion take place  with a 70.6% yield,  the Call G being 53.2% cod imer izedwi th  the 2, 4 , 4 - t r i m e t h y l - l - p e n t e n e  
and 17.4% carbonyla ted  to fo rm Ci2 ac ids ,  as well  as carbonyla ted  with its spli t t ing product ,  v iz . ,  isobutylene,  
to f o r m  C 8 ac ids .  

The eod imer iza t ion  and carbonyla t ion  of a - o l e f i n s  with a > C 3 composi t ion  and i-C4H 8 (or ter t -butanol)  
§ 

p roceed  in such a m a n n e r  that  C (CHa) 3 at f i r s t  f o r m s  f r o m  i-C4H 8 or  t e r t -bu tano l  and is added according to 
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Markovnikov's  rule to the f i rs t  carbon atom of the a-olefin to form the codimer ic  carbonitun ions D, which are  
converted with CO andwater  into 2-neopentylalkan- 1-oic acids,  rn the case of fl-olefins formed by the i somer -  
ization of a-olef ins ,  the addition of C(CH3) 3 takes place at the second C a tomto  form earbonium ionsD, which 
are  converted with CO and water  into 2, 2 ,3 - t r imethy la lkan-4-o ic  acids.  Carbonium ions D, which have t e r -  
t ia ry  H atoms onthe C atoms adjacent to  the carboniurn ion centers ,  a re  inclined to a smal l  extent to undergo 
displacement  of thehydride ions to fo rm te r t i a ry  carbonium ions E, which are  converted with CO and water  
into 2, 2, 3 - t r imethyla lkan-3-o ic  acids (Scheme 2). 

S c h e m e  2 

Codimerizat ion and carbonylation of a-olefins and isobutylene or  

H~C(CH2)nCH=CH~ 

I 
~IsC(CI-L. )n_iCH =CHCHa 

CO, H~0 

tert-butanol. 
+~(CH~b + co. H..O 

--> HaC(CH2)nCHCH-~C(CHs)s -~ 
D 

HsC(CH2)nCH[CH2C(CHs)a ]COOH 

+ 
+C(CHd~ + 

--~ H~C(CH.,)n_ICH[CH(CH3)C(CHs)3] --~ 
E 

[ ~  H3C(CH'~)n-ICH[ CH(CH3)C(CHa)a ]COOH 
E 

I 
[ --H-_+ HaC(CH~)nC(CH3)C(CHa)a cO,_~O HaC(CH2)nC(CHa)C(CHa)sC00H 

F 

where n = 1-13. 

For  example, C 9 acids were obtained f rom a mixture o f l -bu tene  and 2-butene with i-Call 8 (or ter t -butanol) .  
These include 2-e thy l -4 ,4 -d imethy lva le r ic  acid, 2, 3,4,  4 - te t ramethylva le r ic  acid, and 2 - e thy l -2 ,3 ,3 - t r ime thy l -  
butyric  acid, which ar ise  f rom carbonium ions of types D, E, and F, respect ively ,  the highest select ivi ty  for  
the convers ion into the codimer ic  acids (84.9%) being achieved in the mixture with ter t -butanol .  

Five codimerin C10 acids were obtained f rom a mixture o f l -pen tene  and 2-pentene with i-C4H 8 (or t e r t -  
butanol), v iz . ,  2-neopentylvaleric  acid, 2, 2 ,3 - t r imethy lhexan-4-o ic  acid, and 3 -e thy l -2 ,4 ,4 - t r ime thy lva l e r i c  
acid, which appear as a resu l t  of the carbonylation of the carbonium ions formed by the addition of ~(CH3) a, 
respect ively ,  tothe f i r s t  C atom of 1-pentene or  the second and third C atoms of 2-pentene, as well as a 1 : 1  
mixture of 2-n-propyl -2 ,  3 ,3 - t r imethy lbu tyr ic  acid and 2 ,2-d ie thy l -3 ,3-d imethylbutyr ic  acid, which form from 
carbonium ions of type E. In the mixture wi thter t -butanol  the pentenes were converted into the codimer ic  
acids with a higher select ivi ty (91.3%). 

1-Hexene in a mixture with i- C4H 8 was quantitatively converted into carboxylic acids, 81.2% of which 
were codimerie ,  the lat ter  containing 80% 2-neopentylcaproic acid and 20% 2, 2 ,3- t r imethylheptan-4-o ic  acid, 
which formed f rom carbonium ions of types D and E. The low relat ive concentrat ion of the latter acid should 
be attributed to the low extent of i someriza t ion o f l -hexene  to form 2-hexene pr ior  to the step following the 
addition of the te r t -buty l  carbonium ion to the normal  alkane. The fact that the mixture of codimeric  acids 
did not contain a third i somer ,  whichmight  have formed as a resul t  of the react ion of the carbonium ion appear-  
ing following the addition of ~(CH3) 3 to the third C atom of 2-hexene with CO and water  is apparently at t r ibu-  + 
table to s ter ic  hindrances and the grea t  advantage in the addition of C(CH3) 3 to the second C atom of 2-hexene. 
An increase  in the mole rat io of 1-hexene to i-C4H 8 f rom 1 : 1 to 2 : 1 resul ted in an irmrease in the selectivity 
of the conversion to the codimer ic  acids f rom 81.2 to 95.0% with a high to ta lyie ld  of carboxylic acids.  1-Hex- 
erie mixed with 2 -methy l - l -pen tene  was also converted into codimeric  acids with a high selectivi ty.  1-Heptene, 
1-octene,  1-nonene, 1-decene,  1-dodecene,  7-pentadecene,  and 1-hexadecene in mixtures  with i-C4Hswere 
converted into codimeric  acids with highyields .  

The composit ion of the codimeric  acids and their  s t ructure  were established by GLC, PMR, and mass  
spec t romet ry ,  and in some cases  13C NMR was employed. The PMR andmass  spec t ra  pointed out the fo rma-  
tion of twocodimer ic  acids f rom the a-o lef ins  and i-Call ~ in a 4 : 1 rat io,  which were the products of the c a r -  
bonylation of the codimer ic  carbonium ions that appeared as a resu l t  of the addition of ~(CH3) 3 to the f i r s t  C 
atom of the a-olef inand the second C atom of the fl-olefin formed upon isomerizat ion of the a-olefin.  

The cyclic olefins, v iz . ,  cyclopentene and cyclohexene, in mixture with i-C4H 8 or  te r t -butanolwere  
80-90% carbonylated exclusively to form the following codimer ic  acids: 1 - t e r t -bu ty lcyc lopen tan- l -o ic  acid 
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and 1 - t e r t - b u t y l c y c l o h e x a n - l - o i c  acid,  r e spec t ive ly .  The se lec t iv i ty  of the p roce s s  inc reased  as the mole  
ra t io  of BF 3 �9 H20 to the sum of the olefins or  the olefin and the alcohol was lowered f rom 2 : 1  t e l  .~ 2. 

Thus ,  in a m i x t u r e  of an iso alkene and a n o r m a l o r  cycl ic  alkene inan a tmosphe re  of CO in the p r e sen ce  
of the BF 3 . H20- -  liquid-SO 2 sys t em,  a t e r t i a r y  carboninm ion fo rms  f rom the iso alkene and can subsequently 
be conver ted  along th ree  paths .  F i r s t ,  it can add CO and w a t e r t o  fo rm a carboxyl tc  acid.  Second, the c a r -  
bontum ioncan add one or  two molecules  of the iso alkene,  CO, andwate r  to fo rm d imer i c  and t r t m e r i c  c a r -  
boxylic  ac ids .  Third ,  the carbonium ion can be added to the no rma l  or  cycl ic  alkene to fo rm a codLmeric c a r -  
bonium ion, which is then conver ted  into carboxyl te  acid.  Under these conditions no rma l  alkenes d~ not fo rm 
carbonium,  and the codLmeric acid, t he re fo re ,  f o r m s  predominant ly  f rom anequ tmo la r  mix tu re  of an iso 
alkene and a no rm a l  alkene.  

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

The expe r imen t s  were  c a r r i e d  out in a 250-ml conical  f lask,  which was p laced in a beake r  with a h e a t -  
insulating cover ing  and cooled by an acetone - - d r y - i c e  mix tu re .  The f lask was charge  with 95 ml  (2.2 moles)  
of liquid SO 2 and the complex BF 3 �9 H20 (d =1.7787 in anamoun t  equivalent  to 0.125 to 0.5 mole .  The sys t em 
was t e s t ed  for  h e r m e t i c  seal ing,  a s t i r r e r  was introduced, the sy s t em was blown through with CO, anda  mix -  
ture  of liquid [-C4H 8 and a n o r m a l  alkene in a 1 : 1 mole  ra t io  was added f rom a cooled dropping funnel. The 
complex BF 3 �9 H20 was obta inedby sa tura t ing  wa te r  with BF 3 while the v e s s e l  was cooled with ice wate r .  

The carboxyl ic  acids we re  isolated f r o m  the r e a c t i o n m i x t u r e s  a f te r  dilution with wa te r  in the usual  m a n -  
ne r .  The composi t ion  of the acids obtainedup to Ci3 was de te rmined  by GLC [5] on an LMKh-8 MD ch roma to -  
graph with a 2.5 m • 2 m m  s ta in less  s tee l  column with 10% polyethylene glycol adipate and 3% H3PO 4 on Chro-  
m o s o r b  G. A f l ame- ion i za t i onde t ec to r  was used,  the flow ra te  of the c a r r i e r  gas ,  He, was 50 m l / m i n a t  
186~ and the acids above Ci3 were  de te rmined  in the fo rm of the i r  methyl  e s t e r s  at 150-190~ 

The or ig inal  c lef  ins C3H6, t-C4Hs, 1-hexene,  2 - m e t h y l - l - p e n t e n e ,  cyclopentene,  cyclohexene,  and hexa-  
decene had a pur i ty  g r e a t e r  than 98%. The 7-pentadecene [bp 121.5-122.8~ (7 mm);  nD 2~ 1.4408; d42~ 0.7764] 
was synthes ized  f rom n-CzHI~MgC1 and CO according to [6]. The te r t -bu tanol  had a puri ty  g r e a t e r  than 99.0%. 
The mix tu re  of butenes contained 36.7% a-C4H 8, 36.7% trans-fi-C4Hs, and 26.6% cis-fi-C4H 8. The m i x t u r e o f  
pentenes was 30% 1-pentene,  43.8% t r a n s - 2 - p e n t e n e ,  and 26.2% c i s -2 -pen t ene .  

The fine rec t i f i ca t ion  of the methyl  e s t e r s  of the C 8 acids (110 g) obtained by the codimer iza t ion  of C3H 6 
and i-C4H 8 or  t e r t -bu tano l  in a column with an eff iciency of 90 theore t ica l  p la tes  yielded a f rac t ion  (84.0 g)with 
bp 171.2-171.6~ (760 ram),  nD 2~ 1.4225, and d420 0. 8960, which was a 2 : 1 mix tu re  of methyl  2,4,  4 - t r i m e t h y l -  
va l e ra t e  and methy l  2, 2 , 4 - t r i m e t h y l v a l e r a t e  according to the data f rom the PMR and i 3 C NMR spec t r a  (Bri iker 
WP-60 s p e c t r o m e t e r  at  a f r equency  of 15.08 IvIHz) and t h e m a s s  s p e c t r u m .  

2 ,3 ,4 ,  4 - T e t r a m e t h y l v a l e r i c  acid,  mp  102.6~ (f rom hexane), was isolated by c rys ta l l i za t ion  f rom the 
mix tu r e s  of carboxyl ic  acids obtained by cod imer iza t ion  of the mix tu re  of butenes with i-C4H s or  t e r t -bu tano l .  
The methyl  e s t e r  had bp 120~ (17mm),  nD 2~ 1.4338, and d~ 20 0.9064.  Rect i f icat ion of the methyl  e s t e r s  of 
the acids (118 g) obtained f rom the mix tu re  of butenes and i-C4H 8 or  t e r t -bu tanol  yielded 68.1 g of a I : 1 m i x -  
ture  of methyl  2 - e t h y l - 4 , 4 - d i m e t h y l v a l e r a t e  and methyl  2 , 3 , 4 , 4 - t e t r a m e t h y l v a l e r a t e  with bp 187.7-188.5~ 
(760 ram) and nD 2~ 1.4305, which, when saponifled,  provided a 1 : 1  mix tu re  of acids with bp 165,167~ (15.5 
mm) ,  riD2~ 1.4418, and d42~ 0. 9306, as well  as a f rac t ion  (6.0 g) of methyl  2-e thyl -2 ,  3 , 3 - t r ime thy lbu ty r a t e  with 
bp 193-194.1~ (760 ram),  nD2~ 1.4370, and d420 0. 9126 and an acidwith  m p l l 5 ~  ( f romhexane) .  

The mix tu re  of the methyl  e s t e r s  of the carboxyl tc  acids obtained by the codimer iza t ion  and c a r b o n y l ~ i o n  
of the mix tu re  of pentenes with i-C4H 8 or t e r t -bu tano l  could not be sepa ra ted  by rect i f icat ion;  the re fo re ,  the 
identification and composi t ion of the mix tu re  were  d e t e r m i n e d f r o m  the GLC data and the m a s s  spec t r a .  The 
f rac t ion  with bp 62.5-63.0~ (5 ram),  nD 2~ 1.4348, and d42~ 0. 8967 contained the methyl  e s t e r s  of the following 
acids:  10.1% 2-neopenty lva le r ic ,  37.1% 2, 2, 3 - t r ime thy lhexan -4 -o i c ,  49% 3 - e t h y l - 2 , 4 , 4 - t r i m e t h y l v a l e r i c ,  
and 3.8% of a 1 : 1 mix tu re  of 2 -n -p ropy l -2 ,  3, 3 - t r ime thy lbu ty r i c  and 2, 2 -d ie thy l -3 ,3 -d tmethy lbu ty r i c  acid.  

The mix tu re s  of carboxyl ic  acids obtained by the codimer tza t ion  and carbonylat ion of 1-hexene with 
i-C4H ~ or  t e r t  butanol were  conver ted  into mix tu re s  of thei r  m e t h y l e s t e r s  (bp 102-103~ (11 mm),  nD 2~ 1.4340,  
d42~ 0.8776], which 80% methy l  2-neopenty lcaproa te  and 20% methyl  2, 2 , 3 - t r ime thy lhep t an -4 -oa t e  according 
to the data f r o m t h e  PMRand  m a s s  spec t r a ,  a swe l l  as the i3CNMR spec t r a .  

The carboxyl tc  acids obtained as a r e s u l t  of the codimer iza t ion  and carbonylat ton of 1-hexene and 2- 
m e t h y l - l - h e p t e n e  contained 16.4% 7 ,7 -d ime thy ldecan -5 -o i c  acid, 60.0% 5 , 6 , 6 - t r i m e t h y l n o n a n - 4 - o i e  acid, 

91 7 



and 15.5% 2-n-bu ty l -2 ,3 ,  3 - t r ime thy leapro ic  acid [the m e t h y l e s t e r s  of the mixture  of these acids had bp 115- 
119~ (8.5 mm),  nD2~ 1.4390, and d420 0.8821).  

The carboxylin acids fo rmed  f rom heptene and i-C4H 8 (or t e r t -bu tano l )were  80% 2-neopentylenanthic 
acid and 20% 2 ,3 ,3 - t r ime thy loe t an -4 -o i c  acid [the methyl  e s t e r s  of the mixture  of these acids had bp 108-111~ 
(11 mm),  nD z~ 1.4310, and d42~ 0.8810]. In a s imi la r  manner  a 4:1 mixture  of 2-neopentyloetanoic acid and 
2, 2, 3 - t r imethylnonan-4-o ic  acid was obtained f rom 1-oetene and i-C4H s or  ter t -butanol ,  and the methyl  e s t e r s  
had bp 132-137~ (9mm),  nD 2~ 1.4408, andd4 ~~ 0.8808. 1-Nonene andi-C4H ~ yielded a 4 : 1 m i x t u r e  of 2-neo-  
pentylnonanoie acid and 2, 2 ,3 - t r ime thy ldecan-4 -o ie  acid, and the methyl  e s t e r s  had bp 150-155~ (10 ram), 
nD2~ 1.4500, and d42~ 0.8776.  1-Decene and i-C4H 8 yielded a 4 : 1  mixture  of 2-neopentyldecanoic ae idand 
2, 2, 3 - t rhne thy lundeean-4-o in  acid, and the methyl  e s t e r s  had bp159-160~ (12 ram), nD 2~ 1.4428, and d420 
0.8744 1-Dodecene and i-C4H 8 yielded a 4 : 1 mixture  of 2-neopentyldodecanoie acid and 2, 2 , 3 - t r i m e t h y l t r i -  
decan-4-o ic  acid, and themethy l  e s t e r s  had bp 180-185~ (10mm),  nD 2~ 1.4491, and d42~ 0.8721.  7 -Pen ta -  
decene and i-C4H 6 yielded a 3 : 1 mixture  of 2-n-hepty l -2- te r t -buty lnonanoie  acid and 3 - t e r t -bu ty l -2 -n -hexy l -  
decanoie acid, and themethy l  e s t e r s  hadbp 180-190~ (12 ram), nD 2~ 1.4480, and d42~ 0.8135.  1-Hexadecene 
and i-C4H 8 yielded a4  : 1 mix ture  of 2-neopentylhexadecanoin acid and 2, 2, 3 - t r imethylheptadecan-4-o in  acid, 
and the methyl  e s t e r s  hadbp 195-200~ (10 mm),  nD2~ 1.4520, and d42~ 0.8066.  A 0.125 mole port ion of eyclo-  
pentene and a 0 . 125 -mo le  port ion of i-C4H 8 in the p resence  of 0.125 mole of BF 3 �9 H20 in 95 ml of liquid SO 2 
al lowedto r eac t  for  2 h at--40~ produced 1 - t e r t -bu ty leye lopen tan - l -o i c  acid in a 72.1% yield with mp 175.7~ 
(from hexane).  The ae idehlor ide  had bp 114-116~ (11 mm) and mp50~ and the methyl  e s t e r  hadbp 177- 
178~ (14 mm),  dD2~ 1.4605, and d42~ 0.9714.  Under s imi la r  conditions cyelohexene and i-C4H 8 provided an 
87.2% yield of 1 - t e r t - b u t y l - e y c l o h e x a n - l - o i e  acid, bp 131.5~ (from hexane).  The acid chloride had bp 134- 
136~ (20 ram), and the methyl  e s t e r h a d  bp110-112~ (13ram), nD 2~ 1.4658, and d42~ 0.9687.  The react ion 
of a 1 : 1  mixture  of cyelopentene and te r t -butanol  with CO under 1 aim at a t empera tu re  of --30~ in the p r e s -  
ence of BF 3 �9 H20 with a 1 : 1 mole ra t io  of the la t ter  to the sum of the olefin and the alcohol produced 1 - t e r t -  
bu ty lcyc lopen tan- l -o ic  acid in an 82.6% yield,  and 1 - t e r t -bu ty lcyc lohexan- l -o i c  acid was obtained f rom a 1 : 1 
mix ture  of cyclohexene and te r t -bu tanol  in a 90.0% yield.  The reac t ion  of the methyl  e s t e r  of 1 - t e r t -bu ty l -  
cyc lopen tan- l -o ic  acidwith LiAIH 4 in a medium of boiling n-octane (~ 120 ~ yielded 1- te r t -bu ty lcyc lopenty l -  
carbinol ,  bp 187-188~ (13 mm),  mp 149~ (from hexane).  In an analogous manner ,  the reduction of the methyl  
e s t e r  of 1 - t e r t - bu ty l - cyc lohexan - l -o i c  acid by LiA1H 4 ina  medium of n-octane yielded 1- te r t -bu ty lcyc lohexyl -  
carbinol,  bp 120-121 ~ (12 ram), mp 67.5 ~ (from hexane).  13 C NMR spect rum of 1 - t e r t -bu ty lcyc lohexan-  1 -  
oate (5, ppm): 53.729 (s, c i ) ,  50.633 (q, OCH3), 36.698 is, C(CH3)3], 29.202 (t, C2), 26.470 (q, CH3), 25.893 
(t, C4), 24.436 (t, C3). The addition of the shift  reagent  Eu(dpm) 3 in CDC13 to the sample shifted the resonance 
signals to weaker  fields (respect ively):  54.184, 51.210, 36.062, 29.505, 27.714, 26.682, 26.045, 24.648. 
According to these spec t ra ,  the g rea t e s t  shift was observed  in the case of the C 1 , OCH 3, C(CH3) 3, and C(CH3) 3 
a toms.  This  supports  the location of the t e r t -bu ty l  group in the gem position re la t ive  to the carbomethoxyl  
group on the cyclohexane r ing.  The te r t -bu ty l  groups in 1 - t e r t -bu ty lcyc lohexan- l -o in  acid and 1 - t e r t -bu ty l -  
cyc lopen tan- l -o ic  acid a re ,  in all likelihood, located in equatorial  positions [7]. 

C O N C L U S I O N S  

An equimolar  mixture  of a normal  (or cyclic) alkene and an alkene with a branch at the double bond ( o r  
a t e r t i a ry  alcohol) in the p resence  of the BF 3 . H20 -- liquid-SO 2 catalyt ic  sys tem under 1 atm of CO at a t em-  
pera tu re  of --30 to --40~ undergoes select ive  codhner iza t ion  followed by carbonylat ion and the format ion of 
codimer ic  carboxyl ic  acids with 70 to 93% yie lds .  
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