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It is generally assumed that Adg reactions of most electrophiles X0+ — Y0~ with alkenes proceed accord~
ing to a two-step machanism: the first step is addition of the electrophile X* with formation of a cationoid in-
termediate (CD; and the second step is the reaction of the cationoid intermediate with the nucleophile, with
formation of the final adduct [1]. It is also well known that in reactions of alkenes with covalent electrophiles,
these two steps have not been successfully observed as independent reactions because the cationoid intermediate
formed is rapidly captured by the nucleophilic residue of the reagent Y~ or another nucleophile Nu™ present in
the medium [2]. The study of cationeid electrophiles of type XTY~ (Y~ is a nonnucleophilic counterion) has
shown that, using these reagents, in principle it is possible to realize a discrete Adg process according to
Scheme 1, but only when the cationoid intermediate obtained has sufficient stability under the reaction condi-

tions [2, 3]: Scheme 1
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This condition is catisfied in particular when the electrophiles used as reagents are capable of forming bridge
cationoid intermediates with alkenes, such as episulfonium ions. It is precisely owing to the increased stability
of the latter Adg- reaction of alkenes with cationoid reagents of type ArST™ Y™ that we can carry out the addition
of the electrophile ArSt and a foreign nucleophile as a sequence of independent steps [4-6].

In continuing these investigations, we have turned to a search for systems in which stabilization of the
cationoid intermediate formed as asaresult the Ady- reaction would be ensured as a result of groups available
in the substrate. It is well known that the stability of carbenium ions sharply increases if they are generated
in the presence of transition metal complexes [7]. Thus, stable salts of propargyl cations such as (I) may be
obtained upon solvolysis of dicolbalt hexacarbonyl (DCHC) complexes of propargyl alcohols, or upon protonation
of DCHC complexes of conjugated enynes [81:
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Here and later on, M = CO,{CO),.

Based on these data, we have undertaken the task of determining the possibility of carrying out a more
general Adp- reaction of DCHC complexes of conjugated enynes with different kinds of cationoid electrophiles
of type X*BF, (X = H) accordingto an analogous scheme.
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As the model substrate we chose the DCHC complex of isopropenylacetylene (II) {9], and as the cationoid
reagents we chose acylium salts of the general formula BCOTBF, (IIT}, which are easily obtained by known
methods (reaction of RCOF with BF; or the exchange reaction between RCOC! and AgBF,). The reaction of (II)
with (ITI) proceeds rather easily (30-60 min) in CH,Cl, even at —40° C. The reaction complex obtained was
then treated with a nucleophile (MeO—, HO"), which led to formation of the final adducts (IV) or (V) respectively.
The structures of the latter clearly indicated thaf addition of the electrophile RCO™ was oriented exclusively
at the terminal atom of the double bond (according to Markovnikov's rule), while the nucleophile was added at
the tertiary center. Rigorous proof of the structure of the intermediate obtained in the electrophilic attack
step requires detailed investigations by NMR spectroscopy. However, the results of "suppressing” this in-
termediate by nucleophiles allows us to assign the structure of the cationoid complex CI-(I), as indicated on
Scheme, 3, with sufficient reliability. We note that a solution of this complex may be stored at —40° C for sev-
eral hours without changes (judging from the yield of the "suppression” products (IV) or (V)), which indicates
the stability of CI-(I) under these conditions.

On the basis of these data, the overall course of the transformations upon acylation of (II) may be repre-
sented as the reaction of discrete addition of the acyl cation and the nucleophile (see Scheme 3).
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The reaction of (II) with carbenium ion cationoid reagents also may be accomplished as the kinetically
distinguishable process of addition of an electrophile and nucleophile, which was shown when using as the elec-
trophile such stable carbenium salts as Me;C*BF,~ (VI), 1-Ad* BF, (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):
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An analogous sequence of steps can be accomplished also in reactions of (II) with heteroatomic cationoid
electrophiles such as NO,"BF,~ (XVI) and ArSTBF,; (XVIL, a, b)”
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In all the listed cases, the reaction proceeds in a sufficiently unambiguous manner. Subsequent decom-
plexation of the adducts obtained fvith iron(IIT) nitrate {10] or cerium(IV) ammonium nitrate [11]) also as a rule
proceeds without complications. A general summary of the characteristics of the adducts is given in Table 1.

*Reagent XVII is generated in the ArSCLl+ AgBF, system. It is technically simpler to obtain CI- (IV) according
to the Adg- reaction of (I1) with ArSCl, with subsequent treatment of the adduct (without its separation) with

AgBF4 .
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The presented results are evidence that, in the case of the Adg- reaction of the DCHC complex of iso-
proprenyl acetylene (II), the scheme of a two-step electrophilic addition could ke realized in sufficiently gen-
eral form, in which the step of addition of the electrophile X* and the nucleophile Nu~ are separated in time and
are independent. We should especially emphasize that formation of cationoid intermediates CI-(I) —CI-(IV) is
successfully detected for quite different electrophiles. This means that the stability of these cationoid inter-
mediates in general does not depend very strongly on the donor or acceptor character of the substitutent X at
the carbon atom relative to the carbenium center, and is mainly due to effective participation of the DCHC frag-
ment. Obviously, for this reason we can "stop" at the cationoid intermediate step ofthe Adp- reaction of acyla-
tion and nitration of (IT), which previously could not be observed in a single case [1, 2, 12].

In the reactions shown in Schemes 3 and 4, the DCHC complex of isopropenylacetylene (1) is a Cg iso-
prenoid unit, which forms a new carbon—earbon bond with the required electrophile. Below we present ex-
amples of the use of this synthon for obtaining several dehydro derivatives C5 + Cg of monoterpenes of regular
structure according to a (XXIII), (XXIV), (XXVI) scheme. From the latter reduction of the C = C bond, we may
obtain respectively the natural terpenes: the methyl ester of tagetonol [13], tagetone [14], and ocimenone [15].
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Another aspect of the use of the DCHC-(II) also appears promising, connected with the possibility of its
conversion to new difunctionalized isoprenoid Cs synthons (XIX) and (XX1T) (Scheme 5).

The possibility of carrying out the Adg- reaction analogous to that considered above for other conjugated
enynes was then studied for the case of the DCHC complex of the simplest enyne: vinyl acetylene (XXVII). In
this case, we might expect complications connected with the fact that usually the monosubstituted double bond is
less active in Ad._ reactions compared with the 1,1-disubstituted double bond; and the proposed cationoid in-
termediate of the first step of the Ad reaction with the complex (XXVI) pertains to destruction of the secondary
carbenium ione, which are significantly tess stable compared with ions of the tertiary type.

However, experiment has shown that in reality, the reaction of DCHC complex of (XXVH) with acetyl-
tetrafluoroborate (IIla) proceeds analogously to acylation of (II) with formation of a stable intermediate, which
upon subsequent treatment with water or methanol gives the corresponding acetyloxyor acetylmethoxy deriva-
tives (XXVIII) and (XXIX) respectively
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Z = OH (XXVIII), OMe (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) reacts with a number of other acylium salts: (XXID, (XXV), (XXXIa-f). The
summary of the results of this series of experiments is given in Table 2. As follows from the presented data,
the nature of the R group in the acyl cation may be varied within sufficiently broad limits: the presence of
sterically hindered groups, an aromatic ring, conjugated and unconjugated double bonds, a cyclopropane ring to
a substantial degree do not affect the efficiency of the reaction, which allows us fo consider if as a universal
method for obtaining adducts of the type (XXVII) — (XXX), XXXIla, g).

Oxidative decomplexation of these adducts in all cases except (XXXIIg) proceeded without complications
and in high yields 85-90% gave substituted alkynes of the type RCOCH,CH(NwC = CH (XXXIMa-h). The latter
might prove to be useful intermediates for a whole series of syntheses, especially if we take into account the
diverse conversions allowed by the presence of the propargyl ester or alcohol fragment.
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TABLE 2. Products of Acylation of (XXVII)by Acylium Tetrafluoro-
borates RCOTBF,

Yield,
RCO+BF, RCO+ Nu Adduct %
0}\1 0
-
(1112) IO HO- Tﬂ_\ N (XXVHL) | 69
+k M
OMe (1)
(111a) The same MeO- 7J '\ XXIX) | 78
M
o ONfe i\)
y = X3 95
(XXT1) JrH\)\ The same =— /\)\ (XXX)
M
; ey
= XXX 30
(XXV) RPN » IRVAV AN
M
0 0Me O
{XXX1a) +| N\ » El ‘ I\Q (XXX1iby | 85
M
iy iy
(XXX — - 80
(XXXIb % » =— A (XXXITg)
M | ]
NS
o OMe O
(XXXIe) +1I_@ > — I poxxid | 94
3
? OMe (ﬁ
_ | 78
(XXXI1d) +H N =\ (XXXIle) | 7
ANV M S/
ﬁ) OMe O
XXXI =RV RN - = U XXII 77
( e a MeO = (XXXIIf)
M
0 OM‘e (lfl)
= I
(XXXIF) +l N » =— (XXX1Ig) | 55

M= CO,{CO);.

The reaction of (XXVII) with electrophiles of other types has been studied inless detail. However, in the
case of alklylation of (XXVII) by the DCHC complex of the propargyl cation (IX), the efficiency of the described
addition scheme has also been demonstrated as a possible route for obtaining the functionally substituted 1,6-
diyne structures of type (XXXIV) ’

Scheme 8
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Preliminary data have shown that the reaction of (XXVII) with other electrophiles (Me;C*, NO,*, ArS+) pro-
ceeds in the same way.

Thus, the discrete scheme of Adﬁ;- reaction has proven to be also suitable for the DCHC complex of the
simplest enyne: vinyl acetylene (XXVII).

2359



TABLE 3. Data from PMR and Mass Spectroscopy* of DCHC Com-
plexes of the Adducts (XXVIII)— (XXX) (in the upper part of the
column) and Decomplexated Adducts (XXXIIa-j) (in the lower part

OR20
1)
C—=—.
of the columns) (XXXIIIa-j) H \<\R1
phH H
a
Compound Ha 6 He R Re Mxr T
(XXVIID i 2,80 m 4,08 m 6,025 [2,20s (3H) 3,43 s 244
(XXIX) 1 2,77 m 475 m 6,058 [2,15s (3H) 3, 43 s 244
(XXXa) 2,68m 4,77 m 6,03s |2,24m (2H),0,93 d (6H)| 3, 44 S 286}
{(XXXIII&) 2,65 m 4,32 m 2,35d 12,25m(2H), 0,90 d (6H) 3 328 [ 168
(XXXIIa) 2,73 m 480 m 6,02s [6,02s (1H), 2,155 (3H) 3 44 8 284
1,885 (3H)
(XXXIT1b?) 2,67 m 4,37 m 232d {6,028 (1H),2,15s (3H)| 3,358 166
1,88 s (3H)
(XXXI1b) 2,93 m 480 m 6,05 s 1, 9(24(&1)(1H) 0,98 m 3,47 s 270
{(XXXIIIC»} 2,82m 4,35 m 233d |4, 8(3 m)(1H) 0,92 m 3,358 152
(XXXIIc) 2,79 m 4,80 m 6,05 s 1 70 m (8H) 347m [ 298
{(XXXIIId) 2,13 m 437 m 2,324 1 68 m (8H) 3,338 1820
(XXXI1Id) 2,80 m 482 m 6,03 § 1,92 m (15H) 3,47 s 364
{(XXXIIIe) 2,73 m 442 m 2,32d {1,87m(15H) 3,358 246
(XXXIlIe) 2,67 m 4,82 m 6,035 [5,62m(2H), 2,00m 3,45 8 324
(6H), 1,10 s*(3H)
(XXX111d) 2,63 m 4,48 m 2,44d |564m(2H), 1,96 m 3,39's 206
(6H), 1,14 s (3H)
(XXXIIf) 2,92m 4,88 m 6,03s |6,83m(1H), 2,256m 3,455 310
(4H), 1,63 15 (4H) )
(XXXIII g) 2,92 m 4,42 m 2,32d |6,85m(1H), 2,23 m 3,358 192
(4HY, 1,67 ™ (4H)
(XXXILE) 330m | 503m | 608s |7,73m(5H) 3,58 306
{ (XXXIIIh) - - - - - 187

*For structure of adducts, see Table 2.
TDue to the weak intensity of the amolecular ions for the DCHC com-
plexes, , we give the mass numbers for the characteristic ions Mx*t =
[M — 168]* (6 CO-groups).

Ipreparative decomplexation of (XXVIIT) and (XXIX) was not car-
ried out, since under standard conditions it was accompanied by side
reactions.

In conclusion, we should emphasize that the described reactions open up new possibilities for the synthetic
use of Adp-reactions of enynes. In fact, in most cases, the reactions of conjugated enynes with traditional
electrophilic reagents proceeds quite nonselectively, giving mixtures of addition products with respect to both
multiple bonds [16]. At the same time, the use of DCHC complexes of enynes as substrates ensures completely
regioselective orientation of reactions of this type with respect to the double bond, with independent variations
of the electrophilic and nucleophilic addends.

Proof of the structure for all the obtained DCHC complexes of adducts for the Adg- reactions and or the
corresponding decomplexation products were carried out using data from PMR gpectra, mass spectra, and the
results of elemental analysis (see Tables 1 and 3).

EXPERIMENTAL

The PMR spectra were taken in deuterated benzene with an external standard, or in CCl; with an internal
TMS standard on the instruments Varian DA-60 (60 MHz), Tesla BS-467 (60 MHz), Tesla BS-497 (100 MHz), and
Bruker WM-250 (250 MHz). All the chemical shifts are given on the § scale relative to TMS. The mass spectra
were taken on the Varian CH-6 spectrometer. GLC was carried out on the chromatographs LKhM-8MD-5 and
LKhM-80-1 on glass capillary columns, 0.2 mm x 30 m, liquid phase SE-30 in PEG 40000 and on steel packed
columns, 4 mmx 1mand4 mmXx 2 m (5% XE-60 on Chezasorb AW-HMDS and 5% DC-550 on Chromaton N-
AW-HMDS respectively). TLC was carried out on Silufol UV-254 plates. Preparative TLC was done on 280 x
290 mm glass plates with un unfixed layer of silica gel.
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Reactions were carried out under a stream of dry Ar in absolute solvents. The solvents were made ab-
solute by standard techniques. The DCHC complexes of enynes (II) and (XXVII) were obtained according to a
modified technique [17]. The Adg- reactions of the DCHC complex of isopropenyl acetylene (II) was carried
out in a standard fashion; below we give the typical techniques.

4-Methyl-4-methoxylhex-5-yne-2-one (VIa). To a solution of 0.29 g AgBF, (1.5 millimoles) in three 3 ml
of a mixture of CH,Cly: C,H,CI, (1: 1) at —40°C, we added a solution of 0.35g (1.0 moles) of previously purified”
DCHC complex of isopropenylacetylene.

Then, at —60° C, we introduced 0.1 ml (1.5 millimoles) solution of AcCl in 1 ml CH,Cly and mixed for
thirty minutes, monitoring the presence of the original DCHC (II) using TLC (Rg 0.74; hexane). Then we added
0.2 ml MeOH; and after 10 min we added a mixture of 10 ml ether and 10 ml saturated aqueous solution of
NaHCO;. We extracted it with ether, washed the extract with water, and dried it with Na,SO,. The residue
after evaporation of the solvent (0.42 g) was separatedby TLC. The obtained 0.29 g (68%) {(IVa) was decom-
plexated, treated with Fe(NOy); (3 g in 5 ml ethanol) at 0° C for 2 h, decanted into water, and extracted with
ether. The extract was washed with water and dried with Na,SO,. After evaporationof the ether, the residue of
0.09 g (65%) was purified by distillation, b.p. (bath) 55-60°C (18 mm). For the characteristics of the products
(IVa) and (VIa), see Table 1. Analogously, we obtained 2,2,5-trimethyl-5-methoxyhept-6-yne-3-one (VIc) and 6-
methyl-6-methoxyoct-7-yne-2-ene-4-one, (VId). In order to obtain 2,2,5-trimethyl-5-oxyhept-6-yne-3-one (VIo),
the reaction mixture was treated with a saturated solution of MeOH instead of NaHCO;,.

3-Methyl-3-methoxy-4-{1-adamantyl)~1-butyne (XIII). To a solution of 0.29 g AgB¥F, (1.5 millimoles) in 6
ml of a mixture of CHyCly: C,H,Cly (1:1) at —40°C, we added a solution of 0.35 g (1.0 millimoles) of {(II) and
then added at —60° C a solution of 0.32 g (1.5 millimoles)-1-bromoadamantane. After 1 h, we introduced 0.5 ml
MeOH and mixed for 15 min. Then we treated it with aqueous NaHCOs, extracted it with ether, and dried the
extract with NaySO; and removed the solvent. After purification by TLC, we decomplexated with Fe(NO,);. We
obtained 0.18 g (75%) of (XIII). After sublimation at 2 torr, we obtained m.p. 94-95°C. For characteristics, see
Table 1. Analogously, we obtained 3,5,5-trimethyl-3-methoxy-1-hexyne (XI}.

3-Methyl-3-methoxy-1,6-heptadiyne (XV). To a solution of 1.37 g (4 millimoles) DCHC complex of prop-
argyl alcohol (obtainedaccordingto the technique in [17]) in 8 ml of a mixture of CH,Cly: CHsNO, (4:1) at
—30°C, we introduced by syringe 400 ml BF; :and mixedfor 15 min. We then added 50 ml absolute ether cooled
down to —50°C. Crystalline (IX) was precipitated, which was washed again with 50 ml ether and 50 ml pentane.
To the (IX) purified in this way, we added at —40° C a solution of 0.35 g (1.0 millimoles) (ID) in 10 m]l CH,Cly:
CH3NO, (7:3) and mixed at —40° C for 15 min. The mixture was decanted into a mixture of 4 ml MeOH and 1
g NaHCO; cooled down to —40°C. The temperature was raised to 20°C, filtered through a layer of ALO,,
and the solvent was evaporated. After separation by the TLC method, we obtained 1.1 g (78%) (XIV). The mass
and PMR spectra are given in Table 1.

Decomplexation of (XIV) was carried out by adding a solution of (XIV) in 5 ml acetone to a solution of 2.47
g (4.5 millimoles) (NH);Ce(NOs)g in 10 ml acetone at 20°C. The mixture was shaken until evolution of CO ended.
Then 30 ml ether was added, it was filtered through a layer of Al,O;, and evaporated. We obtained 0.24 g (78%)
(XV). The PMR spectrum (250 MHz) of the (XV) obtained is given in Table 1; the structure of (XV)is also con-
firmed by recording the spectrum under double-resonance conditions (irradiation of the C——CHZa,b— CHZC:d -
C = C protons H2,0 1eads to simplification of the signal from the HGd protons).

2-Methyl,-2-methoxy-1-nitrobut-3-yne (XIX). To a suspension of 0.4 g (1.05 millimoles) NO,BF, in liquid
SO, (20 ml) at ~60°C we added 0.26 g (0.74 millimoles) DCHC complex of (II) and mixed for 3.5 h. Without
raising the temperature, we removed the SO, under vacuum. To the residue we added 10 ml CH,Cl, and intro-
duced a mixture of 10 ml ether and 1 ml agueous NaHCO; and extracted with either. The extract was dried with
Na,S8O, and the solvent was removed. From the residue using TLC (8iO,, benzene) we obtained 0.15 g (46%)
DCHC complex (XIX), which was decomplexated with Fe(NO,);. We obtained 0.035 g (35%) (XIX).

2,6-Dimethyl-6-methoxy-oct-7-yne-4-one (XXII). To a solution of 0.21 g (2.0 millimoles), 3~methyl-
butyroyl fluoride in CH,Cl, (10 ml), we introduced by syringe 100 ml (4 millimoles) BX; at —70°C. Then at
~50°C we added a solution of 0.64 g (1.8 millimoles) (II) in MeNO, (5 ml). The mixture was shaken for 10 min
at —=50°C (until (II) disappeared, TLC) and decanted into a mixture of 3 ml MeOH and 1 g NaHCOj; in CH,Cly (20
ml). cooled down to ~50°C. It was heated up to 20°C, filtered through a layer of Al,O;. The solvent was evap-
orated and the residue was decomplexated by an excess of (NH,),Ce(NO,)g in acetone. The decomplexation prod-
ucts were separated by TLC. We isolated 0.20 g (60%) (XXIII). The characteristics are given in Table 1.

*The purification was carried out by filtering a solution of {II) in péntane or hexane through a layer of neutral
Al,0, with subsequent evaporation of the filtrate,
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TABLE 4. Results of Elemental Analysis of the Adducts (XXXIIIag)*

.Found, % Calculated, %

Compound Empirical

: [¢ \ H C H formula -
(XXXIIIa) 70,38 9,93 71,39 9,58 CioHy602
(XXX11Ib) 72,23 8,91 72,26 8,48 CioHs: 02
(XXXIIIc) 70,42 8,10 71,03 7,95 CoH 420>
(XXXIIId) 73,21 9,38 73,30 8,95 C13Hy602
(XXXIIle) 77,57 9,32 78,01 9,00 CyeH202
(XXXI1If) 76,04 9,23 75,69 8,80 C13H;502
(XXXI118) 75,16 8,65 74,97 8,39 Ci2H1002

“The adduct {(XXXIIg) upon decomplexation gave a mixture of prod-
ucts. As a result, there are no PMR spectral and elemental anal-
yeie data for (XXXIIIh}.

3,7-Dimethyloct-3-ene-1-yne-5-one (XXIV). The reaction complex, obtained analogous to (XXIII) from
0.23 g (2.2 millimoles) 3-methyl-butyroyl fluoride, 4.5 millimoles BF3, and 0.70 g (2.0 millimoles) (1) was
treated at —60°C with 1 m! Efz3N in 1 ml CH,Cl, for 20 min. Further treatment is analogous to that described
for (XXIII). We obtained 0.16 g (53%) (XXIV). The mass spectrum is M* 150 (60%). The PMR spectrum is:
(250 MHz, CDCly, TMS): 0.93 d (6H, CH(CH ),) 2.15 m (1H, CH(CHy),), 2.26 d (3H, = C~CH, J = 2.5 Hz),
2.34 d (CH,CO), 3.21 s (1H, =CJ), 6.49 s (1H, =CHCO).

3,7-Dimethylocta-3,6-diene-1-yne~5-one (XXVI) was obtained analogously to the method described for
(XXTII) from 0.36 g (3.5 millimoles) g-methyl crotonoyl fluoride, 7 millimoles BF3, 0.88 g (2.5 millimoles) (II),
and 0.5 ml Et,N. We obtained 0.23 g (58%) (XXVI). Mass spectrum [M+H]* 149 (70%); PMR spectrum (250
MHz, CDCly, TMS): 1.92 d (3H, =CCHj,), 2.18 d (3H, =CCH,), 2.29 d (8H, =C—C(CH;3)C=), 3.19 s (1H, HC=
6.07 m (1H, HC = C(CHy)y), 6.37 m (1H, HC = C(CH;)C =).

Acylation of the DHCH complex of vinylacetylene (XXVII) by acylium tetrafluoroborates (Illa), (XXII),
(XXV), (XXXia-f) was carried out according to a standard technique, describedbelow for the reaction with
cyclopropanoyl tetrafluoroborate (XXXIa).

1-Cyclopropyl-4-methoxyhex-5-yne-2-one (XXXIIIc). To a solution (mixed at —78°C) of 0.32 g (3.6
millimotes) fluoroanhydride of cyclopropane carboxylic acid in CH,Cl; (10 ml), by syringe we introduced 90 ml
(3.6 millimoles) BF;. We then added a solution of 0.41 g (1.2 millimoles) DCHC complex of (XXVII) in a mix~
ture of CH,Cly: CH;NO, (1:1, 10 ml). After 10 min we introduced methanol (2 ml); and after 10 min, the mix-
ture was treated with aqueous NaHCO; (20 ml).

After extraction with ether, the organic phase was washed with water, filtered through a layer of Al,O;
and dried with Nay,SO,. The solvent was then evaporated. The residue was separatedusing TLC (Si0, benzene).
We obtained 0.45 g (85%) pure (according to TLC and PMR) product (XXXIIb). By oxidative decomplexation
(Ce(IV)) we obtained (XXXIIIc) (80%). The analytical and spectral characteristic of (XXXIIb), (XXXIIIc), and al-
so other acylation products of (XXVII} are given in Tables 3 and 4.

Bis-DCHC-complex of 3-methoxy-1,6-heptadiyne (XXXIV) is obtained by a method analogous to that de-
scribed for (XIV), from 0.513 g (1.5 millimoles) DCHC complex of propargyl alcohol, 0.49 g (3.0 millimoles)
HBF, - Et,0, and 0.33 g (0.98 millimoles) (XXVII) without intermediate separation of (IX). By TLC separation
of the reaction products, we obtained 0.45 g (65%) (XXXIII). Found: Co 33.89%. C;gHgOy3Co;. Calculated:

Co 33.97%. Mass spectrum: 666 (20%) [M—COl+; 606 (40%) [M—3COlt; 578 (100%) [M—4CO]". PMR spec-
trum (CCly, TMS): 6.05 s (1H, HC=), 5.98 s (1H, HC=), 4.35 t (1H, HCOCHj,), 3.52 s (3H, OCHj), 3.12 m (2H,
CHCH,CH,), 2.12 t (2H, CH,CH,C =C).

The authors express their thanks to V. L Sokolov for fruitful participatinn in discussion of the problem of

metallocomplex stabilization of carbenium ions.

CONCLUSIONS

1. Reactions of dicoboalt hexacarbonyl complexes of conjugated enynes with cationoid reagents of the
type acyl-, alkyl-, nitronium, and arylsulfene-tetrafluoroborates leads to formation of cationoid intermediates
which are stable in solution. These cationoid intermediates may then react with nucleophiles of the water or
methanol type with formation of covalent adducts.
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2. The observed two-step Adg- reaction is a suitable route for synthetic use of enynes, which is shown

for the case of the syntheses of a number of moncterpenoids.
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