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It i s  genera l ly  assumed that Ad E react ions of most  electrophiles  X 5+ - yS-wi th  alkenes proceed accord -  
ing to a two-step machanism: the f i r s t  step is addition of the eleetrophile X + with formation of a eationoid in- 
te rmedia te  (Ct); and the second step is the react ion of the cationoid intermediate  with the nucleophile, with 
format ion  of the final adduct [1]. It is also well known that in react ions of alkenes with covalent e leetrophi les ,  
these two steps have not been successful ly  observed as independent react ions because the cationoid intermediate 
formed is rapidly captured by the nueleophilic residue of the reagent  Y - o r  another nucleophile Nu-p re sen t  in 
the medium [2]. The study of cationoid eleetrophiles of type X+Y - (Y- is a nonnucleophilic counterion) has 
shown that, using these reagents ,  in principle it is possible to rea l ize  a d iscre te  Ad E- process  according to 
Scheme 1, but only when the cationoid intermediate  obtained has sufficient stabili ty under the react ion condi- 
tions [2, 3]: Scheme 1 

\C=C / x+Y- I Nu- i I 
X--C--C--Nu 

/ \ I I ! [ 
(cI) 

This condition is satisfied in par t icu lar  when the electrophiles  used as reagents  are  capable of forming bridge 
cationoid intermediates  with a[kenes, such as episulfonium ions. It is p rec i se ly  owing to the increased stabili ty 
of the lat ter  Ad E-  react ion of alkenes with cationoid reagents  of type ArS + Y- that we can c a r r y  out the addition 
of the e tec t rophi le 'ArS + and a foreign nucleophi leas  a sequence of independent steps [4-6]. 

In contin,aing these investigations,  we have turned to a search  for sys tems in which stabilization of the 
cationoid intermediate  formed as as a r e s u l t  the Ad E- reac t ion  would be ensured as a resu l t  of groups available 
in the subst ra te .  It is well known that the stabil i ty of carbenium ions sharply  increases  if they are  generated 
in the presence  of t ransi t ion metal  complexes [7]. Thus,  stable salts of propargyl  cations such as (I) may be 
obtained upon solvolysis  of dicolbalt hexaearbonyl  (DCHC)complexes of propargyl  alcohols,  o r  upon protonation 
of DCHC complexes of conjugated enynes [8]: 

Scheme 2 

Here and later on, M = CO2(CO) 6. 

--OH- 
HC----C--CM% ----" 

I I * 
M OH HC_=C---CMe2 

M 

Based on these data, we have undertaken the task of determining the possibility of carrying out a more 
general Ad E- reaction of DCHC complexes of conjugated enynes with different kinds of eationoid electrophiles 
of type X+BF4-(X ~ H) aecordingto an analogous scheme. 
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As the model subst ra te  we chose the DCHC complex of isopropenylacetylene (II) [9], and as the cationoid 
reagents  we chose acylium salts of the general  formula  BCO+BF4 (IID, which are easi ly  obtained by known 
methods (reaction of RCOF with BF 3 o r  the exchange react ion between RCOC1 and AgBF4). The react ion of (II) 
with (III) proceeds ra the r  eas i ly  (30-60 rain) in CH2C12 even at - 4 0  ~ C. The react ion complex obtained was 
then t reated with a nucleophile (MeO-, HOJ,  which led to formation of the final adducts (IV) or  (V) respect ively .  
The s t ruc tures  of the la t ter  c lear ly  indicated that addition of the electrophile RCO + was oriented exclusively 
at the terminal  atom of the double bond (according to MarkovnikovVs rule), while the nucleophile was added at 
the t e r t i a ry  center .  Rigorous proof of the s t ruc ture  of the intermediate obtained in the electrophil ic attack 
step requ i res  detailed investigations by NMR spectroscopy.  However,  the results of "suppress ing"  this in- 
termediate  by nucleophiles allows us to ass ign the s t ruc ture  of the cationoid complex CI-(I), as indicated on 
Scheme, 3, with sufficient reliabil i ty.  We note that a solution of this complex may be stored at - 4 0  ~ C for sev- 
era l  hours  without changes (judging f rom the yield of the "suppress ion" products (IV) or  (V)), which indicates 
the stabil i ty of CI-(I) under these conditions. 

On the basis  of these data, the overall  course  of the t ransformat ions  upon acylation of (II) may be r e p r e -  
sented as the react ion of d iscre te  addition of the acyl cation and the nucleophile (see Scheme 3). 

Scheme 3 oH 
HO-_ I/ 

_ I _  RCo+++,7 =_,+I +BPo- _ _  

"-i- (IIIa--c) "7- ~-"-COR 
M M 
(n) (ci i)  

' 7 M - c o n  
M (V) 

0Me 
m~o; I /  

I ~ - - c o R  
M ( I V a - - )  

Nu 
Fe (III) or . 1 /  

(IV) or  (V) ce (IV) > - -  k',.---COR 
(Via--d) 

R = Me (IIIa), (IVa), (Via); CMea (IIIb), (IVb), (V); MeCH=CH (IIIc), (IVc), (VId). 

The react ion of (II) with carbenium ion eationoid reagents  also may be accomplished as the kinetically 
distinguishable process  of addition of an electrophile and nucleophile,  which was shown when using as the e lec-  
trophile such stable carbenium salts as Me3C+BF4 - {VII), 1-Ad+BF4 (VIII), and the DCHC complex of the prop-  
argyl cation (IX) which was used in the form of the stable salt obtained according to [9] (Scheme 4): 

Scheme 4 
OMe 0Me 

R+++v,-- I+m', - m+~ I /  t o ~  I C  
OI) " 7-7- X--n T ~ - - a  ~ = - -  R 

(VII)--(IX) bI M 

c i . - ( i i )  (x), (Xli), (XlV) (xi) ,  (Xlii), ( x v )  
R = MeaC (VII), (X), (XI); t-Ad (VIII), (XlI), (XUI); HC----C--CH2 (IX), (XIV), (XV). 

I 
M 

An analogous sequence of steps can be accomplished also in react ions  of (II) with he teroatomic  cationoid 
electrophi les  such as NO2+BF4 - (XVI) and ArS+BFr (XVII, a, b).* 

Scheme 5 
0Me 0Me 

(XVI))  __ [+BF,-  MeO-__> [ C  [0_~] ~__ 
T "k---NO~ ~ - -  NO~ ~o:~ 
M M 

(II)--[ ci-(iii) (XVlii) (XlX) 
0Me 0Me 

(X TM) - -  ] BF4- MeO~ - -  ] /  [0] l /  
"7- \ ~ /  g--~--SA - + =  X--sA~ 

M M (XXIa, b) 
"N (XXa, b) 

Ar 
CI- ('IV) 

In all the listed cases ,  the react ion proceeds in a sufficiently unambiguous manner .  Subsequent decom-  
plexation of the adducts obtained (with iron(B_I) nitrate [10] or cerium(IV) ammonium nitrate [11]) also as a rule 
proceeds without complications.  A general  summary  of the cha rac t e r i s t i c s  of the adduets is given in Table 1. 

*Reagent XVII is generated in the ArSCI+ AgBF 4 sys tem.  It is technically s impler  to obtain CI-(IV) according 
to the Ad E-  react ion of (ID with ArSC1, with subsequent t rea tment  of the adduct (without its separation) with 

AgBF 4 . 
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The presented resul ts  are  evidence that, in the case of the Ad E-  react ion of the DCHC complex of i so-  
proprenyl  acetylene (II), the scheme of a two-step electrophil ic addition could be real ized in sufficiently gen-  
eral  form,  in which the step of addition of the electrophile X + and the nucleophile Nu- a re  separa ted  in t ime and 
are  independent. We should especial ly  emphasize  that format ion of cationoid in termediates  CI - (D-CI - ( IV)  is 
successful ly  detected for quite different  e lectrophi les .  This means that the stabil i ty of these cationoid in te r -  
mediates in general  does not depend very  s t rongly on the donor or acceptor  cha rac te r  of the substiintent X at 
the carbon atom relat ive to the carbenium center ,  and is mainly due to effective par t ic ipat ion of the DCHC f r ag -  
ment. Obviously, for this reason  we can "stop" at the cationoid intermediate  step of the Ad E -  reac t ion  of acy la -  
tion and nitrat ion of (II), which previously  could not be observed in a single case  [1, 2, 12]. 

In the react ions shown in Schemes 3 and 4, the DCHC complex of isopropenyiacetylene (ID is a C~ i so-  
prenoid unit, which fo rms  a new c a r b o n - c a r b o n  bond with the required electrophile,  t~elow we presen t  ex-  
amples of the use of this synthon for obtaining severa l  dehydro derivat ives C 5 + C 5 of monoterpenes of regular  
s t ruc ture  according to a (XXIII), (XXIV), (XXVI) scheme.  F r o m  the lat ter  reduction of the C--  C bond, we may 
obtain respec t ive ly  the natural terpenes:  the methyl es te r  of tagetonol [13], tagetone [14], and ocimenone [15]. 

Scheme 6 
o 

2) ~leo-; ~) [o] 

(XXII) + BF,-] ' 1) EhN; 3) [0]> 0 

(xxw) 
o 

(I1)+~BFX~ ')~I'N;~)IO] ! A A  ----. _ % (58%) 
_ 0  

(XXV) (XXVI) 

Another aspect  of the use of the DCHC-(II) also appears  promising,  connected with the possibi l i ty  of its 
convers ion to new difunctionalized isoprenoid C 5 synthons (XIX) and (XXI) (Scheme 5 )  

The possibi l i ty of ca r ry ing  out the Ad E-  react ion analogous to that considered above for  other conjugated 
enynes was then studied for the case  of the DCHC complex of the s implest  enyne: vinyl acetylene (XXVII). In 
this case ,  we might expect complicat ions connected with the fact that usually the monosubsti tuted double bond is 
less active in Ad E_ reac t ions  compared with the 1,1-disubstituted double bond; and the proposed cationoid in- 
te rmedia te  of the f i r s t  step of the Ad react ion with the complex (X:~VI) pertains to des t ruct ion of the secondary  
czrbenium ions, which are  significantly iess stable compared with ions of the t e r t i a r y  type. 

However,  experiment has shown that in real i ty ,  the react ion of DCHC complex of (XXVID with ace ty l -  
te t ra f luorobora te  (IIIa) proceeds analogously to acylation of (II) with formation of a stable in termediate ,  which 
upon subsequent t rea tment  with water  or  methanol gives the corresponding ace ty loxyor  acetylmethoxy der iva -  

tives (EXVIII) and (XXI:~) respect ive ly  

scheme 7 
z 

_ . - 4  [ (Ilia) ~---k'---'COMe ~ ~ COMe 
M M M 
(XXVII) (CI-(V) (XXVIII), (XXIX) 

Z = OH (XXVIII), 0Me (XXIX). 

In the same way(i .e . ,  through a step of formation of an intermediate  of the CI-(V) type), the DCHC com-  
plex of vinylacetylene (XXVII) reac ts  with a number of other  acyl ium salts: (XXII), (XXV), (XXXIa-f).  The 
summar y  of the resul ts  of this se r ies  of experiments  is given in Table 2. As follows f rom the presented data,  
the nature of the R group in the acyl  cation may be varied within sufficiently broad limits: the presence  of 
s t e r i ca l iy  hindered groups,  an a romat ic  ring, conjugated and unconjugated double bonds,  a cyclopropane r ing to 
a substantial  degree  do not affect the efficiency of the reac t ion ,  which aliows us to consider  it as  a un iversa l  

method for obtaining adduets of the type (XXVIII) - (XXX), (XXXIIa, g). 

Oxidative decomplexation of these adducts in all cases  except (XXXIIg) proceeded without complicat ions 
and in high yields 85-90% gave substituted alkynes of the type RCOCH2CH(Nu)C - CH (XXXllla-h). The la t ter  
might prove to be useful intermediates for a whole ser ies  of syntheses ,  especial ly  if we take into account  the 

d iverse  convers ions  allowed hy the presence  of the propargyl  es te r  or alcohol f ragment .  
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TABLE 2. Products  of Aeylation of (XXVII) by Acylium Tet raf luoro-  
bora tes  HCO+BF4 

Yield, 
R G O + B F ~  t t C O +  N u  Adduce * % 

(Ilia) 

(IIIa) 

,(xxii) 

(xxv) 

,(XXXIa) 

(XXXlb) 

,(XXXIc) 

(XXXld} 

(xxxI e) 

O 

& 

The same 

0 

+\),, 
0 

+U,, 
0 

+ \ / a  

0 m 

ILIx) 

0 

0 

+\C> 
0 

(xxxIf) +~/y--% 
\ = /  

*M= CO~(CO) G. 

HO- 

MeO- 

lie sal~ 

>> 

I~! b- 

OH O 

_~ /. I! {xxvIIi) 
T - \ / \  
M 

OMe 0 
I t ~--U'N (XXlX) 

M 
OMe 0 

I } t  (xxx) 
M 

OMe O 

= [11  I r T- ~ / x / \  
M 

OYle 0 

M 
OMe 0 

I i (XXXIIc) -~- -X/ \  
I 
M I 1] 

{xxxmd} 

OMe 0 

~ M _ _ U [ ) O  (XXXIIe} 

OMe 0 

2 -U,o 
OMe 0 

~ - - N / N ~  (XXXlig) 
M \ = /  

89 

78 

95 

80 

85 

60 

94 

78 

77 

55 

The reac t ion  of (XNVID with electrophiles  of other types has been studied in less detail. However,  in the 
case  of alklylation of (XXVII) by the DCHC complex of the propargyl  cation (IX), the e f f ic iencyof the  descr ibed 
addition scheme has also been demonstrated as a possible route for obtaining the functionally substituted 1,6- 
diyne s t ruc tu res  of type (XX'AIV) 

Scheme 8 
OMe 

M e O -  i 

.... r - + T  ~H~BF0--~ =1%/ =T 
M M M M 

(XXVII) (IX) (XXXIV) 

P r e l i m i n a r y  data have shown that the react ion of (XXVII) with other  eleetrophiles  (Me3C +, NO2 +, ArS +) p ro -  
ceeds in the s a m e  way. 

Thus,  the d i sc re te  scheme of Ad E-  react ion has proven to be also suitable for the DCHC complex of the 
s imples t  enyne: vinyl acetylene (XXVII). 
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T A B L E  3. D a t a  f r o m  P M R  and M a s s  S p e c t r o s c o p y *  of  D C H C  C o m -  

p l e x e s  of  t he  A d d u c t s  ( X X V I I I ) -  (XXX) (in t he  u p p e r  p a r t  o f  t he  

c o l u m n )  and D e c o m p l e x a t e d  A d d u c t s  (XXXIIa- j )  (in t he  l o w e r  p a r t  

OR s 0 

H c - - : -  O \  
of  t h e  c o l u m n s )  (XXXII Ia - j )  / \  R~ 

HbH H 
a 

Corn po.tmd H a i-i~ ~c  R, R~ Mx+ 1" 

(XXVIIIk~ 
(XXlX) , 
(XXXa) 
(xxxIIIa) 
(XXXIIa) 

(XXXlII h~} 

(xxx i i  b~) 

(XXXIIIcl) 

(XXXI1c) 
(XXXlIId) 
(XXXIId) 
(XXXlIIe) 
(XXXlIe) 

(XXXIIId) 

(XXXII,f) 

(XXXIII g) 

�9 { (XXXlI:g), 
(XXXIII~h) 

2,80 m 
2,77 m 
2,68 m 
2,65 m 
2,73 m 

2,67 m 

2,93 m 

2,82 m 

2,79 m 
2,73 m 
2,80 m 
2,73 m 
2,67 m 

2,63 m 

2,92 m 

2,92 m 

3,30 m 

4,08 m 
4,75 m 
4,77 m 
4,32 m 
4,80 m 

4,37 m 

4,80 m 

4,35 m 

4,80 m 
4,37 m 
4,82 m 
4,42 m 
4,82 m 

4,48 m 

4,88 m 

4,42 m 

5,03 m 

6,02 s 
6,05 s 
6,03 s 
2,35 d 
6,02 s 

2,32 d 

6,05 s 

2,33 d 

6,05 s 
2,32 d 
6,03 s 
2,32 d 
6,03 s 

2,44 d 

6,03 s 

2,32 d 

6,08 s 

2,20 s (3H) 
2,15 s (3H) 
2,24 m (2H), 0,93 d (6H) 
2,25 m (2H), 0,90 d (6H) 
6,02 s (ill), 2A5 s (3H) 

t,88 s (3H) 
6,02 s (ill), 2,15 s (3H) 

i,88 s (3It) 
i,92 m(iH), 0,98 m 

(4H) 
1,85m OH), 0,92 m 

(4H) 
i,70 m (8H) 
i,68 m (8H) 
1,92 m 05H) 
i,87 m (t5H) 
5,62 m(2H), 2,00.m 

(6H), tAO s(3H) 
5,64 m (2H), 1,96 m 

(6H), i,t4 s (3H) 
6,83m (IH), 2,25m 

(4H), i,63 m (4H) 
6,85 m (ill), 2,23 m 

(4H), t,67 m (4H) 
7,73 m (5H) 

3,43 s 
3,43 s 
3,44 s 
3,32 s 
3,44 s 

3,35 s 

3,47 s 

3,35 s 

3,47 m 
3,33 s 
3,47 
3,35:s' 
3,45 s 

3,39 s 

3,45 s 

3,35 s 

3,58 s 

244 
244 
286 
i68 
284 

16g 

270 

t52 

298 

364 
246 
324 

206 

3t0 

192 

3O6 
187 

* F o r  s t r u c t u r e  of  a d d u c t s ,  s e e  T a b l e  2. 

$Due to t h e  w e a k  i n t e n s i t y  of  t h e  a m o l e c u l a r  i o n s  f o r  the  D C H C  c o m -  

p l e x e s , ,  we  g i v e  t h e  m a s s  n u m b e r s  f o r  t he  c h a r a c t e r i s t i c  i o n s  M x  + = 
[M - 168] + (6 C O - g r o u p s ) .  

S P r e p a r a t i v e  d e c o m p l e x a t i o n  of  (XXVIII)  and (XXIX) w a s  not  c a r -  

r i e d  ou t ,  s i n c e  u n d e r  s t a n d a r d  c o n d i t i o n s  i t  w a s  a c c o m p a n i e d  b y s i d e  

r e a c t i o n s .  

In  c o n c l u s i o n ,  we  s h o u l d  e m p h a s i z e  t h a t  t h e  d e s c r i b e d  r e a c t i o n s  o p e n  up n e w  p o s s i b i l i t i e s  f o r  t h e  s y n t h e t i c  

u s e  of A d E - r e a c t i o n s  o f  e n y n e s .  In  f a c t ,  in m o s t  c a s e s ,  t h e  r e a c t i o n s  of  c o n j u g a t e d  e n y n e s  w i t h  t r a d i t i o n a l  

e l e c t r o p h i l i c  r e a g e n t s  p r o c e e d s  q u i t e  n o n s e l e c t i v e l y ,  g i v i n g  m i x t u r e s  o f  a d d i t i o n  p r o d u c t s  w i t h  r e s p e c t  to  b o t h  

m u l t i p l e  b o n d s  [16]. A t  t h e  s a m e  t i m e ,  t h e  u s e  of  D C H C  c o m p l e x e s  of  e n y n e s  as  s u b s t r a t e s  e n s u r e s  c o m p l e t e l y  

r e g i o s e l e c t i v e  o r i e n t a t i o n  of  r e a c t i o n s  of  t h i s  t y p e  w i t h  r e s p e c t  to  t h e  d o u b l e  b o n d ,  w i t h  i n d e p e n d e n t  v a r i a t i o n s  

of  t h e  e l e c t r o p h i l i c  and  n u c l e o p h i l i c  a d d e n d s .  

P r o o f  of t he  s t r u c t u r e  f o r  a l l  t h e  o b t a i n e d  D C H C  c o m p l e x e s  of  a d d u c t s  f o r  t he  Ad E -  r e a c t i o n s  and o r  t h e  
c o r r e s p o n d i n g  d e c o m p l e x a t i o n  p r o d u c t s  w e r e  c a r r i e d  ou t  u s i n g  d a t a  f r o m  PM-R s p e c t r a ,  m a s s  s p e c t r a ,  and t h e  

r e s u l t s  of  e l e m e n t a l  a n a l y s i s  ( s e e  T a b l e s  1 and 37. 

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

T h e  P M R  s p e c t r a  w e r e  t a k e n  in d e u t e r a t e d  b e n z e n e  w i t h  an  e x t e r n a l  s t a n d a r d ,  o r  in  CC14 w i t h  an  i n t e r n a l  

T M S  s t a n d a r d  on t h e  i n s t r u m e n t s  V a r i a n  D A - 6 0  (60 M H z ) ,  T e s l a  B S - 4 6 7  (60 M H z ) ,  T e s l a  B S - 4 9 7  (100 M H z ) ,  and 

B r u k e r  W M - 2 5 0  (250 MHz) .  A l l  t h e  c h e m i c a l  s h i f t s  a r e  g i v e n  on the  6 s c a l e  r e l a t i v e  to  T M S .  T h e  m a s s  s p e c t r a  
w e r e  t a k e n  on  the  V a r i a n  C H - 6  s p e c t r o m e t e r .  G L C  w a s  c a r r i e d  out  on t h e  c h r o m a t o g r a p h s  L K h M - 8 M D - 5  and 

L K h M - 8 0 -  1 on g l a s s  c a p i l l a r y  c o l u m n s ,  0.2 m m  • 30 m ,  l i q u i d  p h a s e  S E -  30 in P I ~ G - 4 0 0 0 0  and  on s t e e l  p a c k e d  

c o l u m n s ,  4 m m  • 1 m and  4 m m x  2 m (5% X E - 6 0  on C h e z a s o r b  A W - H M D S  and 5% D C - 5 5 0  on C h r o m a t o n  N -  

A W - H M D S  r e s p e c t i v e l y ) .  T L C  w a s  c a r r i e d  out  on S i l u f o l  U V - 2 5 4  p l a t e s .  P r e p a r a t i v e  T L C  w a s  d o n e  on 280 • 
290 m m  g l a s s  p l a t e s  w i t h  un  u n f i x e d  l a y e r  of  s i l i c a  g e l .  
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React ions  were  c a r r i e d  out under  a s t r e a m  of d r y  Ar  in abso lu te  so lven ts .  The solvents  were  made ab-  
solute  by s tandard  techniques .  The DCHC complexes  of enynes (II) and (XXVII) we re  obtained accord ing  to a 
r~odified technique [17]. The Ad E -  r eac t ions  of the DCHC complex  of i sop ropeny l  ace ty lene  (II) was c a r r i e d  
out in a s t andard  fashion;  below we give the typ ica l  techniques .  

4 -Methy l -4-methoxylhex-5-yne-2-one  (Via). To a solut ion of 0.29 g AgBF4 (1.5 mi l l imo le s )  in th ree  3 m! 
of a mix tu re  of CI-I2C12 : C2H4C12 (1: 1) at - 4 0 ~  we added a solut ion of 0.35 g (1.0 moles)  of p r e v i ous ly  purified* 
DCHC complex  of i sop ropeny lace ty l ene .  

Then,  at - 6 0  ~ C, we in t roduced 0.1 ml (J .5 mi l l imo le s )  solut ion of AcC1 in 1 ml CH2CI 2 and mixed for  
th i r ty  minu tes ,  moni tor ing  the p r e s e n c e  of the o r ig ina l  DCHC (II) using TLC (Rf 0.74; hexane).  Then we added 
0.2 ml MeOH; and a f t e r  10 rain we added a mix tu re  of 10 ml  e ther  and 10 ml sa tu ra t ed  aqueous solut ion of 
NaHCO 3. We ex t r ac t ed  it with e the r ,  washed the ex t r ac t  with Water ,  and d r i ed  it with Na2SO 4. The r e s i d u e  
a f te r  evapora t ion  of the solvent  (0.42 g) was s e p a r a t e d b y T L C .  The obtained 0.29 g (68%7 (IVa) was d e c o m -  
p lexa ted ,  t r e a t ed  with Fe(NO2) 3 (3 g in 5 ml  ethanol) at  0 ~ C for  2 h,  decanted into wa te r ,  and ex t r ac t ed  with 
e the r .  The ex t r ac t  was washed with wa te r  and d r i ed  with Na2SO 4. Af te r  e v a p o r a t i o n o f t h e  e the r ,  the r e s idue  of 
0.09 g (65%7 was pur i f ied  by  d i s t i l l a t ion ,  b.p.  (bath) 55-60~ (18 ram). F o r  the c h a r a c t e r i s t i c s  of the products  
(IVa) and (Via), see Table  1. Analogous ly ,  we obtained 2 ,2 ,5 - t r ime thy l -5 -methoxyhep t -6 -yne-3-one  (Vie) and 6-  
me thy l -6 -me thoxyoc t -7 -yne -2 -ene4 -one ,  (VId). In o r d e r  to obtain 2 ,2 ,5 - t r ime thy l -5 -oxyhep t -6 -yne -3 -one  (VIb), 
the r e a c t i o n  mix ture  was t r e a t ed  with a s a tu r a t ed  solut ion of MeOtt ins tead  of NaHCO 3. 

3 - M e t h y l - 3 - m e t h o x y - 4 - ( 1 - a d a m a n t y l ) - l - b u t y n e  (XIII). To a solut ion of 0.29 g AgBF 4 (1.5 mi l l imo le s )  in 6 
ml of a mix tu re  of CH2C12 : C2H4CI 2 (1 : 1) at - 4 0 ~  we added a solut ion of 0.35 g (1.0 mi l l imo le s )  of (II) and 
then added at  - 6 0  ~ C a solut ion of 0.32 g (1.5 m i l l i m o l e s ) - l - b r o m o a d a m a n t a n e .  Af te r  1 h, we introduced 0.5 ml 
MeOH and mixed for  15 rain. Then we t r e a t ed  it with aqueous NaHC03, ex t r ac t ed  it with e the r ,  and d r i ed  the 
e x t r a c t  with Na2SO 4 and removed  the solvent .  Af te r  pur i f i ca t ion  by TLC,  we decomplexa ted  with Fe(NO2) 3. We 
obtained 0.18 g (75%7 of (XHI). Af te r  sub l imat ion  at  2 t o r r ,  we obtained m.p.  94-95~ F o r  c h a r a c t e r i s t i c s ,  see  
Table  1. Analogous ly ,  we obtained 3 , 5 , 5 - t r i m e t h y l - 3 - m e t h o x y - l - h e x y n e  (XI). 

3 - M e t h y l - 3 - m e t h o x y - l , 6 - h e p t a d i y n e  (XV). To a solut ion of 1.37 g (4 mi l l imo le s )  DCHC complex  of p rop -  
a rgy l  alcohol (obtained aceord ing  to the technique in [1717 in 8 ml  of a mix tu re  of CH2C12: CH3NO 2 (4 : 17 at 
- 3 0 ~  we int roduced by syr inge  400 ml BF 3 :and mixed for  15 rain. We then added 50 rnl abso lu te  e the r  cooled 
down to - 5 0 ~  Crys ta l l i ne  (IX) was p r e c i p i t a t e d ,  which was washed again with 50 ml e ther  a n d S 0  ml  pentane.  
To the (IX) pur i f ied  in this way, we added at  - 4 0  ~ C a solut ion of 0.35 g (1.0 m i l l i m o l e s )  (II) in 10 ml CH2C12 : 
CH3NO 2 (7 : 37 and mixed at  - 4 0  ~ C for  15 rain. The mix tu re  was decanted into a mix ture  of 4 ml MeOH and 1 
g NaHCO 3 cooled down t o  - 4 0 ~  The t e m p e r a t u r e  was r a i s e d  to 20~ f i l t e r ed  through a l a y e r  of A1203, 
and the solvent  was evapora ted .  Af te r  s epa ra t i on  by the TLC method,  we obtained 1.1 g (78%) (XIV). The m a s s  
and PMR s p e c t r a  a r e  given in Table  1. 

Decomplexa t ionof  (XIV) was c a r r i e d  out by  adding a solut ion of (XIV) in 5 ml acetone to a solutiQn of 2.47 

g (4.5 mi l l imo le s )  (NH4)2Ce(NO3) 6 in 10 ml acetone at 20~ The m i x t u r e  was shaken until  evolution of CO ended. 
Then 30 ml e ther  was added,  it was f i l t e r e d  through a l a y e r  of A1203, and evapora ted .  We obtained 0.24 g (78%) 
(XV). The PMR s p e c t r u m  (250 MHz) of the (XV) obtained is given in Table  1; the s t r u c t u r e  of (XV) is  a lso  con- 
f i rmed  by  r e c o r d i n g  the s p e c t r u m  under  d o u b l e - r e s o n a n c e  condi t ions ( i r r ad i a t i on  of the C - C H 2 a ,  b -  CH2e, d - 
C ~ C pro tons  Ha, b leads  to s impl i f i ca t ion  of the s ignal  f rom the HC, d pro tons) .  

2 - M e t h y l , - 2 - m e t h o x y - l - n i t r o b u t - 3 - y n e  (XIX). To a suspens ion  of 0.4 g (1.05 mi l l imo le s )  NO2BF 4 in liquid 
SO 2 (20 ml) at  - 6 0 ~  we added 0.26 g (0.74 m i l l i m o l e s )  DCHC complex  of (II) and mixed for  3.5 h. Without 
r a i s i n g  the t e m p e r a t u r e ,  we r emoved  the SO 2 under  vacuum.  To the r e s i d u e  we added 10 ml  CH2C12 and in t ro -  
duced a mix tu re  of 10 ml e ther  and 1 ml aqueous NaHCQ and ex t r ac t ed  with e i the r .  The e x t r a c t  was d r i e d w i t h  
Na2SO 4 and the solvent  was r emoved .  F r o m  the r e s i due  us ing TLC (SiO2, benzene) we obtained (t.15 g (46%) 
DCHC complex  (XIX), which was decomplexa ted  with Fe(NO2) 3. We obtained 0.035 g (35%) (XIX). 

2 , 6 - D i m e t h y l - 6 - m e t h o x y - o c t - 7 - y n e - 4 - o n e  (XXIII). To a solut ion of 0.21 g (2.0 m i l l i m o l e s ) ,  3 - m e t h y l -  
bu tyroy l  f luor ide  in CH2CI 2 (10 ml) ,  we in t roduced by  s y r i nge  100 ml (4 mi l l imo le s )  BF 3 a t - 7 0 ~  Then at  
- 5 0 ~  we a d d e d a  solut ion of 0.64 g (1.8 mi l l imo le s )  (II) in MeNO 2 (5 ml).  The mix tu re  was shaken for  10 rain 
at  - 5 0 ~  (until (II) d i s a p p e a r e d ,  TLC) and decanted  into a m i x t u r e  of 3 rnl MeOH and 1 g NaHCO 3 in CH2C12 (20 
ml).  cooled down to - 5 0 ~  It was heated up to 20~ f i l t e r ed  through a l a y e r  of A1203. The solvent  was evap-  
o ra ted  and the r e s i d u e  was decomplexa ted  by an excess  of (NH4)2Ce(NO3) ~ in acetone.  The decomplexa t ion  p r o d -  
ucts  we re  s epa ra t ed  by TLC.  We i so la ted  0.20 g (60%) (XXIII). The c h a r a c t e r i s t i c s  a r e  given in Table  1. 

*The pur i f i ca t ion  was c a r r i e d  out by f i l t e r ing  a solut ion of (II) in pentane o r  hexane through a l a y e r  of neut ra l  
A1203 with subsequent  evapora t ion  of the f i l t r a t e .  
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TABLE 4. Resul ts  of E lementa l  Analys is  of the Adducts (XXXIIIa-g)* 

Compound 

(XXXIIIa) 
(XXXItlb) 
(XXXIIIc) 
(XXXIIId) 
(XXX I IIe ) 
(XXX!IIf) 
(XXXIIIg:) 

Found, % 

C I~ 

70,38 9,93 
72,23 8,9t 
70,12 8,i0 
73,2t 9,38 
77,57 9,32 
76,04 9,23 
75,16 8,65 

Calculated, % 

C t:l: 

71,39 9,58 
72,26 &49 
71,03 7,95 
73,30 8,95 
78,01 9,00 
75,69 8,80 
74,97 8,39 

Empirical 
formula 

Ci0H,~O~ 
C,0H,~O~ 
CgHi20~ 
C,iHi602 
Ct6H2202 
C,~His02 
C,2Hio02 

~The adduct (XXXIIg) upon decomplexat ion  gave a mix tu re  of p rod-  
ucts .  As a resu l t ,  there  a re  no PMR spec t r a l  and e lementa l  anal -  
ys i s  data for  (NXXIIIh). 

3 , 7 - D i m e t h y l o c t - 3 - e n e - l - y n e - 5 - o n e  (XXIV): The reac t ion  complex,  obtained analogous to (NXIII) f r o m  
0.23 g (2.2 mi l l imoles)  3 -me thy l -bu ty roy l  f luoride,  4.5 mi l l imoles  BF 3, and 0.70 g (2.0 mi l l imoles)  (II) was 
t r ea t ed  at - 6 0 ~  with 1 mt  Et3N in 1 ml CH2C12 for 20 rain. F u r t h e r  t r e a t m e n t  is analogous to that desc r ibed  
for  (XXIII). We obtained 0.16 g (53%) (XXIV). The m a s s  s p e c t r u m  is M + 150 (60%7. The PMR spec t rum is: 
(250 MHz, CDC13, TMS): 0 .93d  (6H, CH(CH3)2)2.15m(1H, CH(CH3)2), 2.26 d (3H, = C - C H 3 ,  J = 2.5 Hz), 
2.34 d (CH2CO), 3.21 s (1 H, - - C J ) ,  6.49 s (1H, = C H C O ) .  

3 , 7 - D i m e t h y l o c t a - 3 , 6 - d i e n e - l - y n e - 5 - o n e  (XXVI) was obtained analogously to the method descr ibed  for  
(XXIII) f r o m  0.36 g (3.5 mi l l imoles )  fl-methyI crotonoyl  f luor ide ,  7 mi l l imoles  BF3, 0.88 g (2.5 mi l l imoles )  (II), 
and 0.5 ml  Et3N. We obtained 0.23 g (58%) (XXVD. Mass  s p e c t r u m  [M+H] + 149 (70%); PMR spec t rum (250 
MHz, CDCI 3, TMS):  1.92 d (3H, -----CCH3), 2.18 d (3H, ~-~CCH3), 2.29 d (3H, ----C-C(CH_3)C=) , 3.19 s (1H,_HC- 
6.07 m (1H, _HC = C(CH3)2), 6.37 m (1H, _HC = C(CH3)C - ) .  

Acylat ion of the DHCH complex  of v inylace ty lene  (XXVII) by acy l ium t e t r a f luo robora t e s  (IIIa), (XXII), 
(XXV), (NXXIa-f) was c a r r i e d  out accord ing  to a s tandard technique,  desc r ibedbe low for  the reac t ion  with 
cyclopropanoyl  t e t r a f luo robora t e  (XXXIa). 

1 -Cyc lop ropy l -4 -m e t hoxyhex -5 -yne -2 -on e  (XXXIIIc). To a solution (mixed at - 7 8 ~  of 0.32 g (3.6 
mi l l imoles )  f luoroanhydride  of cyc lopropane  carboxyl ic  acid in CH2C12 (10 ml),  by  syr inge  we introduced 90 ml  
(3.6 mi l l imoles )  BF 3. We then added a solution of 0.41 g (1.2 mi l l imoles )  DCHC complex of (XXVII) in a mix-  
ture  of CI~I2CI2 : CH3NO 2 (1 : 1, 10 ml).  After  10 rain we introduced methanol  (2 ml); and af ter  10 rain, the mix-  
ture  was t r ea t ed  with aqueous NaHCO 3 (20 ml).  

Af ter  ex t rac t ion  with e ther ,  the organic  phase was washed with wa te r ,  f i l te red  through a l ayer  of A120 ~ 
and dried with Na2SO 4. The solvent was then evapora ted .  The res idue  was s epa ra t edus ing  TLC (SiO 2 benzene).  
We obtained 0.45 g (85%) pure  (according to TLC and PMR) product  (XXXIIb). By oxidative decomplexat ion 
(Ce(IV)) we obtained (NXXIIIc) (80%). The analyt ical  and spec t r a l  c h a r a c t e r i s t i c  of (XXXIIb), (XXXIIIc), and a l -  
so  other  acyla t ion products  of (XXVII) a r e  given in Tab le s  3 and 4. 

B i s - D C H C - c o m p l e x  of 3-methoxy-1 ,6-heptad iyne  (XXXIV) is obtained by a method analogous to that de-  
sc r ibed  for  (XIV), f r o m  0.513 g (1.5 mi l l imoles )  DCHC complex  of p ropargy l  alcohol,  0.49 g (3.0 mi l l imoles)  
HBF 4 �9 Et20, and 0.33 g (0.98 mi l l imoles )  (XXVII) without in te rmedia te  separa t ion  of (IX). By TLC separa t ion  
of the reac t ion  products ,  we obtained 0.45 g (65%) (NXXIII). Found: Co 33.89%. C19H8013Co4. Calculated: 
Co 33.97%. Mass spec t rum:  666 (20%) [M-CO]+;  606 (40%7 [M-3CO]+;  578 (100%) [M-4CO] +.  PMR spec -  
t rum (CC14, TMS): 6.05 s (1H, HC-=), 5.98 s (1H, HC-=), 4.35 t (1H, It COCH3), 3.52 s (3H, OCtt3), 3.12 m (2H, 
CHC_H2CH2), 2.J2 t (2H, CH2C_H2C----C). 

The authors  exp re s s  the i r  thanks to V. L Sokolov for  frui tful  par t ic ipat inn  in d i scuss ion  of the p rob lem of 
me ta l locomplex  s tabi l iza t ion  of ca rben ium ions. 

C O N C L U S I O N S  

1. Reac t ions  of dicoboalt  hexacarbonyl  complexes  of conjugated enynes with eationoid reagen ts  of the 
type acy l - ,  a lky l - ,  n i t ronium,  and a r y l s u l f e n e - t e t r a f l u o r o b o r a t e s  leads to fo rmat ion  of cationoid in t e rmed ia te s  
which a r e  s table  in solution. These  cationoid in t e rmed ia te s  may  then r e a c t  with nucleophiles  of the wa te r  or  
methanol  type with fo rmat ion  of covalent  adducts .  
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2. The observed two-step Ad E- reaction is a suitable route for synthetic use of enynes, which is shown 
for the case of the syntheses of a number of monoterpenoids. 
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