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Abstract—Reactions werestudied between 1-chloro-2-(trifluoromethyl)-hexafluorocyclopent-1-ene with
anions [CpFe(CQ), [Re(CO)], [Mn(CO)], [CpMo(CO)], and [CpW(CO). The effect of proton
donors on the composition of reaction products was established. The reactions with [Re(@w@)
[Mn(CO)s]- were shown toproceed quantitatively along nucleophilic routg,Z8in) resulting in c-vinyl
complexes of rhenium and manganese. The [CpMo(@nd [CpW(CO)]” anions turned out to be 10
times less nucleophilic than [Mn(Cg). In this case the main course of the reaction is the me&bgen
exchange withconcurrent nucleophilic substitution. In reaction of [CpMo(GOxnd [CpW(CO)]" with
1-chloro-2- (trifluoromethyl)-hexafluorocyclopent-1-ene thevinyl complexes arise along amnusual
autocatalytic mechanism: the reaction of carbonyl occurs not with the initial substrate but with pentafluoro-
methylcyclopent-1-ene that forms from the substrate under the action of a fluemnddn an extremely

fast reaction of the same substrate with [CpFe(ffOxhe main process is carbonylate oxidation along
unestablished mechanism. The reaction between carbonylates and 1-chloro-2-(peeftububyl)hexa-
fluorocyclopent-1-ene proceeds exclusively as méi@bgen exchange that with [Re(CGP) furnishes
anionic acyl complex cis[¢F,-:C(O)Re(CO)CI]". The reaction ofZ and E isomers of B-chloro-,p-di-
fluorostyrenes with [CpFe(C@)) in the presence of proton donors confirmed the previously assumed
(Sy2Vin) mechanism of nucleophilic substitution and also the intermediate formation of alkenyl carbanions in
the parallel redox process.

Nucleophilic vinyl subsitution effected by metal methylcyclopent-1-eng3], trifluorostyrene [4, 5],
carbonyls anions” is known since a fairly longime, Z- and E-B-chloro-,B-difluorostyrenes [5] we
and one of the procedures for preparatiomeaflkenyl  frequently observed certain side processes resulting
metal complexes is based therei. in carbonylate oxidation and olefin dehalogenation,

At the same time the real nature of alkenyl halidestt we did not study the redox processes.

reactions with carbonylates and their mechanism are We recently showed that nucleophilic aromatic
still poorly understood. In the mostses the nucleo- substitution in pentafluorohalobenzenes effected by
philic vinyl substitution is only one among many carbonylates was actually a halophilic reaction [6, 7].
competing directions of theeaction. In ouiinvestiga- Two main reactiorpaths,halogen replacement yield-
tions on reactions between carbonylates and perfluorang CsFsM(CO),L,,,, and reductive dehalogenation of
_— CgFsHlg have actually the same initigtage,namely

For communication VI, sed1]. metal-halogen exchange. The carbonylate attack on
The study was carried out under financial support of thehalogen is here moréasible than the attack on the
Russian  Foundation for Basic Research(grant m-System of the aromaticing. The possibility of

*

**k

no. 97-03-33161). practically quantitative protonation of the inter-
The anions of transition metals carbonyls are also callednediate carbanion [{F5]” formed by exchange occur-
“carbonylates. ring in the presence aofpecially selected CH-acid or
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ANIONS OF TRANSITION METALS CARBONYLS: VII. 481

Scheme 1. hexafluorocyclopent-1-ene. We believe that not only
nucleophilic vinyl substitutionproper is interesting,
Rhlg + [M(CO),L,,| but also the concurrent process of alkenyl halide

reduction with the carbonylate. Note that all alkenyl
halides previously studied in reactions with carbon-

[M(CO),L, ]~ ylates may be regarded as low active. We also
ok [M(CO), L1, repeated the investigation of reactions betwZeand
- E-B-chloro-a,B-difluorostyrenes with [CpFe(CGK
—[R +M L, Hlg] — [RM(CO : .
R +M(CO),L,Hlgl ng,[ (COLn [5] and studied the effect of théanion trap3 to test

BH
-B

also in this case the hypothesis of the halophilic
mechanism and to elucidate the nature of the redox-
processes.

RH

BH = PhCH(Et)CN, t-BuOH. _
1-Chloro-2-(trifluoromethyl)-hexafluorocyclopent-

tert-butanol, the so-called “anion traps?” was the 1-ene (-Cl) is an agent of high electrophilicity and
main proof of the reaction mechanig®cheme 1). reacts with the most carbonylates, including also
Taking into account certain common features ofV€akly nucleophilic [Mn(CQj", [CpW(CO)]", and
the nucleophilic aromatic and vinyl substitution it is (CPMO(COXI™
presumable that the halophilic pathway may occur Nucleophilic vinyl substitution by anions of
also in reactions of carbonylates with polyfluoroal-rhenium and manganese pentacarbonyl in alkene
kenyl halides containing'heavy’ halogens(Cl, Br).  (I-Cl) results in quantitative formation o&-vinyl
Examples of such reactions were recently found: Jusdlerivatives (-Mn, Re, Scheme 2) with no side reac-
this route took the reaction of carbonylates with tri-tions. The direct monitoring of theaeaction by
fluorobromoethylene andz-2-(perfluorotert-butyl)- 1 NMR spectroscopy demonstrated total absence
1,2-difluoro-1-chloro(bromo)ethylenes [8, 9]. Hereeven of traces of theother intermediate or final
we extend the study on the possible routes of carborproducts besides-vinyl complexes (I-Mn, Re). It
ylates reactions with polyfluoroalkenyl halides by virtually excludes halophilic reaction mechanism that
an example of reaction of a carbonylate seriesvould have afforded halo(acyl)metalates of rhenium
([CpFe(COy|", [Re(CO}]", [Mn(CO)s]",  and manganese [/€RO)M(CO),CI]” (M=Mn, Re) as
[CPW(CO)]", [CpMo(CO)]) with an extremely a result of reaction between alkenyl carbanion with
active alkenyl chiride, 1-chloro-2-(trifluoromethyl)- M(CO).CI [7-9].

Scheme 2.
CF,
[M(CO);M'  F, é\/ M(CO)s
THEF, 20°C F, F,
I-Re, Mn

M=Re,M'=Na 86%
M=Mn M'=K 89%% (isolated)

CF, CF,

CF
M(CO),C 3
F, Ay [epm(co), Ik Fzé\/ (CO%ep F A F
W [CpM(CO)3]2 + + CpM(CO)3C1 + 12
F, F, ’ 7-16% 1\5260F;7(y 5 16%  F, F,
1-Cl M= Mo, W -W 60-77% F 6-20°
LMo 689% I-F 6-20%

F_ Fe(CO),C
CF, (CO),Cp

CF
Fe(CO),Cp 3
F K
[COFE(COLIK |+ b ol FﬁF PR é\/F
—50° 2 2
THF, -50°C 250 Y 2 F FF,

I-Fe 9-11% VI2-3% I-F 10%
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Table 1. Composition of reaction products of [CpM(CINM' (M = Mo, W; M' = Li, K) and 1-chloro-2-
(trifluoromethyl)hexafluorocyclopent-1-ene-Cl), THF, 20°C. Influence of“anion trap3s

Initial “Anion . .
Run M' | m |concentration Ratio trap,” equiv. Yield of reaction product, %
no. [CpM(COHK, [-CI/[CpM(CO)IK| per 1 mole

mol | [CPM(CO)JK |1-W, Mo|[M(CO),Cpl,| CPM(CO)CI| I-H | I-F
1° K | Mo 0.18 1.4 No additives| 68 9 7 <1 7
2 K |W 0.21 1.2-1.5 No additives 77 7 5 <1 6
3 K |W 0.25 2.5 Ph,CHCN, 3.5 75 = 6 4 12
4 K | W 0.11 5 t-BuOH, 5 70 7 13 11 15
5 K |W 0.05 12 No additives 60 16 16 <2 20
6% | Li | Mo 0.11 0.9 No additives 11 40 17 <1 <1
7 Li | Mo 0.16 0.9 t-BuOH, 6 16 45 11 16 | <1

2 Yields of reaction products were determiniedm *H and*°*F NMR spectra of reaction mixtures by internal standard method.

P Also forms 3% E-1l -Mo).

¢ Signals of Cp and RIEHCN overlap.

4 Yield F* 25%.

¢ In overall yield 16% form Z- and E-ll -Mo).

At room temperature and reagents concentrationalkanes (K, > 20) for at the acid center of-q-l) are
>0.1 mol ! both reaction occur instantly. With formally present two perfluorinated organic radicals
the less nucleophilic of the two carbonylates,[10]. Quantum-mechanical calculation by AM1
[Mn(CO)g]K, we succeeded by reducing the reagentsnethod shows that in the gas phase compound
concentrations 100-fold to measure by spectrophotod-H) has acidity €5 kcal moft) similar to that of
metric method the secondrder rateconstant K,  (CF3)3;CCF=CFH. Carbanion of the latter is trapped
10 Imorts? ). The quantitative formation af-vinyl ~ even byPhCH(Et)CN (K, > 22) [9]. Therefore the
complex (-Mn) (yield 85-90%) wasalso obtained in experiment with the“anion trag is justified and can
the presence of BBHCN ((pK, 18 [10]) that can additionally prove the nucleophilic §(2Vin)
protonate the alkenyl carbanion, an intermediate irmechanismj.e., involving carbonylate attack on the
the halophilic reaction. The strength of thenjugate carbon atom of thexn-bond, in the reaction of
CH-acid of the alkenyl carbanion may be estimateccarbonylates [M(CQ]~ (M = Mn, Re) with alkene
regarding it as analog of the secondary polyfluoro{I-Cl) that is presented irScheme 3.

Note that in the framework of this mechanism is

0.12 also assumed carbanion intermedifdemation. The
0.10 latter however is not fixed with théanion traps”
The reason of it is the extremely shdfe time of the
. 0.08F intermediate given the presence of so good leaving
= 006 F group as chlorideion. This mechanism can de-
g generate into one-step reaction where the cleavage of
Y004 | the leaving group occurs without activatidrarrier
within a single elementary act with the addition of the
0.02 | nucleophile across the-bond [11].
000 * ! ! ! . ! Scheme 3.
0 1000 2000 3000 4000 5000
Time, s =X +[M(CO), M

Cl
Fig. 1. Kinetic curves of reaction between [CpMo(CiK®

and chloroalkenel {Cl), THF, 2C¢°C. Initial concentration:

(1-Cl) 0.25 mol I'; [CpMo(CO)]K 0.18 mol I'*. (1) Pro- ky M(CO),L ky

duct of nucleophilic substitution, 2] [CpMo(CO)],, . B -

(3) CpMo(CO)CI. ! M Cl M(CO),L
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Scheme 4. vinyl and aromatic substitution. In the framework of
this scheme became clear why thanion trap$ did
CF, not affect the yield of nucleophilic substitutigoro-
M(CO).Cp duct I-W (run nos. 3, 4, Table 1) whereas the
[CPM(CO%IK F, COxp greaterexcess of alkené-Cl somewhat reduced the
M = Mo. W F, F, fraction of complexI-W) in th_e_(eaction mixture
THF +2,0°C I-W (run'nos_. 25, Table 1). '_I'he_ initial source_of fthe
’ I-Mo fluoride ion necessary to initiate the catalytic circle
CF, also was revealed; that will be discusstder.

F, MYF To test the assumeticatalytic mechanism of the

nucleophilic substitution we studied the reaction
between the lithium carbonylate [CpMo(C)i with
chloroalkenel-Cl. The “catalytic’ route in thiscase
should be excluded since the fluoride ion should be
bound adLiF. Our forecast was supported by experi-
CF, ments (runnos. 6, 7,Table 1): The yield ofl-Mo
. cl complex was reduced tb1%, thekinetic curve of its
KCl1 2 accumulation had a common exponenttdaracter,
F, F, and no fluoroolefinl-F was found in the reaction
I-Cl mixture. Under these conditions the main final
product was a dimer [CpMo(C{,; note however
, that at the start of the reaction no dimer wassent,
The reaction of tungsten and molybqlenumand appeared in 1:2 ratio complekMo and
carbonylates [CPpM(CQ)K (M = Mo, W] with  cpMmo(CO)CI. During the further course of the
chI(_)roaIkene ICCI) provided in a fair yleld' the reaction in thelH and °F NMR spectra appeared
c-vinyl complexes (-Mo, W) alongside some dimers gjgnals of two additional isomeris-vinyl complexes
and metal carbonyl'chlorlde_s (Scheme 92, Table 1)yith Mo(CO),Cp. Apparently the complexes have
However the reaction monitoring with°F NMR triene structure Z- and E-Il -Mo) (Scheme 5), or the

showed that at low conversion all the three product§eatyres of theirl® NMR spectra cannot be under-
were present in comparable amounts. Tkiaetic

curve of accumulation of the nucleophilic substitution

product (-Mo) contained an obvious induction period In the spectrum of an isomeE{]l -Mo) the signal
(Fig. 1). No less curious was appearance in theof CF; group appears as a triplet apparently due to
reaction mixture of perfluoro-2-methylcyclopent-1- coupling with the CE group (Table 2). In the
ene (-F) (Scheme 2, Table 1). Acontrol run spectrum of the other isomer as in all monomer
demonstrated that chlorine is slowly replaced bypolyfluoromethylcyclopentenes the coupling of CF
fluorine in chloroolefin (-Cl) already in the presence and CF, groups is not manifested; however the signal
of KF in THF, and ataddition of 10 mol% of of one CF group appears a8A'BB' system. This
18-crown-6 fluoroalkene I{F) forms quantitatively evidences the coupling of fluorine nuclei(AB') ~
within several minutes. Note that fluoride ion was20 Hz, J(AA') ~ 30 Hz] of equivalent CE groups
detected in the reaction products of chloroalkendrom different rings. Quantum-mechanical calcula-
(I-Cl) and [CpM(CO}]” (run nos.6, 7, Table 1). It tions show that in both isomer<Z{ andE-Il -Mo) the
forms in situ, and probably can replace chlorine in distance between the fluorine atoms of £éhd CH
chloroalkene I-Cl) without additional activation. groups from the neighboring rings is less than the
?um of their van derWaals radii.

F, F,
I-F

All the above reasoning allows an assumption tha
in formation of the nucleophilic substitution product As a result the lone electron pairs of the adjacent
(1-Mo, W), at least of its main quantity, operates fluorine atoms overlap providing a possibility of a
quite unusual“catalysi§ (Scheme 4): In the nucleo- through-space coupling [12] that is observed in the
philic substitution by carbonylate takes part not thespectra of the complexesZ{ and E-ll -Mo). The
initial compoundI-Cl but a lot moreactive fluoro- repulsion of the fluorine atoms drawn close together
alkene I-F arising under the action of the fluoride -
ion. To ourknowledge it is the firsexample of such Calculation by AM1 method on a mode of the corresponding
catalysis with fluoride ion in reaction of nucleophilic  fully fluorinated triene with CpMo(CQ)groups excluded.
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Table 2. 'F NMR of polyfluoric cyclopentenesTHF, 22«C §
X X  C(CF);Cp(CO)Mo  CF, Cl CF, F F
F Z F o F Cp(CO);Mo F F
Y F F Fe(CO),Cp FL S Mo(CO),Cp
F F F F F” “F CF,
A C D E
Compd. X Y z CF, CF, CF, C=CF CF?
Formula A O, ppm Oe, ppm J-r Hz Oe, ppm O, ppm O, ppm J-r Hz
[-Cl Cl F F -109.00 -114.61 - -129.55 - -60.77 -
I-F F F F -108.33 -119.40 15d -129.47 -111.92 -59.98 152 d
d m d
I-H [14] H F F -110.60 -111.18 - -130.72 - -63.68 -
[-Mn Mn(CO)5 F F -98.35 -110.07 - -132.55 - -56.78 -
I-Re Re(CO)5 F F -98.21 -109.41 - -131.78 - -57.07 - n
[-Mo CpMo(CO)| F F -99.28 -109.30 - -130.99 - -57.30 - E\j
[-W CpW(CO) F F -99.19 -109.12 - -131.20 - -56.58 - %
I-Fe CpFe(CO) F F -100.33 -109.26 - -131.55 - -57.33 - 2
Formula B S
=
V-F F - - -103.82 -120.45 18 d -130.69 -99.84 -62.61 16 d,
d d.t 95 t
V-Cl Cl - - -104.17 -113.95 -131.52 - -60.12 10.5
t
Formula C
v -101.24 -126.73 42 t -59.53 2.4
t t
Formula D CF, CIC=0F =CFFe(CO)Cp
\ -109.82 -149.54 36 d, -119.20 2.28 36 d,
d.t 15 t d.t 15 t
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Table 2. (Contd.)

Compd. X Y z CF, CF, CF, C=CF
Formula A 3 (FY | 8- (F) | e, HZ | 8- (FY | 3 (F) |3-p, Hz 3 Jo s Hz &F
1] F OBu+ H -113.73|-122.69| 262 | -117.62|-124.46 241 | -60.42 d| 16 d -126.05
VI F CpFe(CO) H —93.86 —185(].'83 234 —114?.05 —12011.96 260 -60.27d| 15 d -137.68
d d° d d
Formula E
Z-1l -Mo - -103.73|-104.21| =253 |-104.08 | -121.07 | =235 -55.16 - -
E-Il -Mo - —10(31.16 —135(].'08 ~250 |-115.42 |-126.61 | =233 -56.15 16 t, -
d d d d t.t 3t
Formula B
X CF, CF, CF, CF,
3 (FY [3¢ (FD |3 Hz| 8 (FY | 3: (F) |23, Hz| 3 (FY | 3¢ (F) |%Jep, Hz 3 Jer Hz | Jofp, Hz
V-R€' |[CORe(CO)Cl|Na|-99.50|-117.52| 270 |-99.88 |-112.42| 265 |[132.09 | 138.66| 235 | -60.95 14 7.5
d d d d d d d.d

2 All signals are of complicated multiplet structure not always fully resolyft compounds of formula AJ 2-6 Hz, for compoundV J < 1 Hz) additional to
splittings indicated in thetable.

' J 26 Hz.

¢ AA'BB' System:2J- (AB) ~ 235 Hz,J(AB') ~ 20 Hz,J(AA') ~ 30 Hz,J(BB') ~ 0 Hz.

4 T64°C, reference gH5F (-112.75 ppm).

TA STANOHYVD STVLIHN NOILISNVYIL 4O SNOINV
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also results in noncoplanarity of the five-memberedhexafluoro-2-hydro-1-(trifluoromethyl)cyclopent-1-
rings [13] in the ¢- and E-Il -Mo) complexes, the ene (-H) and 5-{ert-butoxy)octafluoro-5-hydro-1-
geminal fluorines in the CJ groups become dia- methyl-1-cyclopentendl( ) (run no. 7, Table 1). The
stereotopic and thus chemically nonequivalent in thdatter compound is apparently the product teft-
19 NMR spectra. Moreoveraccording to the cal- C,HgOLi addition across ther-bond in the (-H)
culations in thecis-isomer Z-11 -Mo) the shortcontact  followed by fluoride ion elimination from the allyl
of equivalent fluorines from the neighboring CF position. Allyl substitution with lithiumtert-butylate
groups occurs only in one among two possible pairén the initial (-Cl) results in an unstable-chloro-
(AAY). Actually in the 19 NMR spectrum of Z-11-  (polyfluoroalkyl) tert-butyl ether that in the presence
Mo) in the AA'BB' system the constad(BB') ~ 0 Hz.  of bases readily cleaves isobutylene to afford enone
, (Scheme 6). The isobutylene and tetrafluoro-2-(tri-
The reSUIFS obtained a”OW to presume that th3|uOrOmethy|)_3_m5_cyc|0pentadyeny|tricarbony|_
main path in the reaction between CarbOnylate$n0|ybdeno)-2-cyc|openten-1-ont\/0 in low amount
[CPM(CO)]” (M = Mo, W) and chloroalkenel(Cl)  (yield 4%) were also found in the reactionixture.
is the metalhalogen exchange, and the carbonyl o o ,
dimer and compleresz and E1-o) are i the & OTIERR, AoUelen 1om e, pevouel
later stages of the reactiofScheme 5). negative effect of t-BuOH on the formation ofvinyl
The intermediate formation of an alkenyl carb-complex (-Mo). In this case this compound istaue
anion (A) is evidenced by formation of its protona- product of the nucleophilic substitution. Tmaicleo-
tion products in the presence ofert-butanol, philic substitution proceeds concurrent with the

Scheme 5.
CF,
F, N Mo(CO);Cp
. I-MO
CF, -LiCl F, F, 11%
F, @0 [CPMo(CO); Li
THF, +20°
2 P2 e G [CpMo(CO)4|Cl
F Li pMo 3
. LY epMoco), el — [CPMo(CO)41,
} 40%
F, {\ Cl F, F, 17% °
F, F, \
—LiCl .
CF, l CF, CF,Li CF, L'+CF3 CFf~+
. . 17— —
F, /N F, [COMO(COLILE | A 2 A [CPMo(COYILI !
SET [ A
F, F,F, F F, F,F, F, SET F, F2| F, F
' —2LiF
CF;" CF, CF, CF,
RO Oy o
F, F,F, F, F, F,F, F,
2[CpMo(CO);]Li Z-II-Mo 8%
CF; F, F, 2LiF CF; F, F,
Fy Y Cp(CO);Mo _~
A F 2> Mo(CO),Cp
F2 F2 CF3 F2 F2 CF3
E-II-Mo 8%
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Scheme 6.
I-Mo 16%
oy L e
F [CpMo(CO),]Li1
2
THF, +20°C .
: CpMo(CO),]Li
F, CF12 L~ A+ CpMo(CO),Cl % [CpMo(CO);],
. —
+BuOLi | 1% 45%
CF, 1 + OBu-7 OBu-t
F (5/H CFy\L1 £y CFy ¢H
2 + -BuOLi— FZUFZ IiF F/UFZ
F, F, F, F,
I-H 16% I 11%
H.C CH,4 o)
Nen CFsN 7 ClcpMo(CO),ILi CF, P
CcF i Pe P Par ST /U
tBuOLi | ° “ ~ S/UCIH el " Cp(CO);Mo ™ g =
I-Cl RAFE | -LiF o F,  -LiCl -BuOH *u ’
F, F, ch: : IV 4%
H,C' 'H

4%

M-HIg exchange, and it may be represented as adnteraction withB-fluorine atoms in the anion-radicals
dition-elimination type of a mechanism (Scheme 3).of perfluorinated alkenefl6], and consequently the
No reaction between alkenyl carbanion (A) andspectrum is in good agreement with the structure of
CpMo(CO)CI is apparently due to the low electro- anion-radical (B). Thus 1-chloro-2-(trifluoromethyl)-
philicity of the latter [15] ascompared,e.g., with  hexafluorocyclopent-1-ene |-Cl) can react with
Re(CO}HIg or CpFe(CO)HIg and to the great, on carbonylates along both nucleophilic §@Vin,

the contrary,electrophilicity of 1-chloro-2-(trifluoro- Scheme 3) and halophilioutes §2Hal, Schemes 5
methyl)hexafluorocyclopent-1-enel-Cl) that just and 6) depending on the character of the carbonylate.
reacts with the intermediate carbanion (A) yieldingThe carbonylates of tungsten and molybdenum turned
diene[13]. The successive stages of diene reductiorout to be significantly less reactive towardl) than
and nucleophilic substitution with carbonylate [MN(CO))s]K: The nucleophilicity of [CpM(CO}|K
(Scheme 5yesult in complexesZ- andE-Il -Mo) and (M = Mo, W) revealed in this reaction is at least by
in notable release of fluoride ion (run no. 6, Tablefour orders ofmagnitude lower than that expected
1). A similar process in reaction with potassium salts
of [CpM(CO)]” (M = Mo, W) can serve as a source
of fluoride ion required for initiation of the catalytic
mechanism of nucleophilic substitution (Scheme 4).

The formation of anion-radical of diene (B)
(Scheme 5) is confirmed by ES&ata. In the course
of reaction is observed an intense ESRjnal. Its
intensity was the greatest after 10 min since the start
of the process, andhen the signal diminished and
totally disappeared to the end of reaction (inré).
The spectrum(Fig. 2) belongs to a stable anion-
radical where the unpaired electron is delocalized in
a system of conjugatedbonds, interacts with
14 approximately equivalent fluorine nucledg
(14F)~ 13.5 Gs,g 2.0028. Theobserved value of the
hyperfine coupling constant is characteristic of the Fig.2. ESR spectrum of diene anion-radi¢&l), THF, 20°C.

50G
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(a) (b)
— o
R=T e <2
d =2 & Hy TTTT(HZ)
1 1 1 1 1 1
60.3 —60.4 —60.5 ppm -60.9 ~61.0 ~61.1 ppm
(©
— ~
AN N <
= < =
<= ~
22 %

\ —190.940
S —189.759

/

193 192 191 190 189 188 187 ppm

Fig. 3. NMR spectra of acyl complex\(-Re). (a)®F NMR spectrum,signal of the group (CH.C, 20°C; (b) “*F NMR
spectrumsignal of the group (CfJ,C, -64°C; and (c)**C NMR spectrumsignals of the groups Re(CI, -64°C.

from the known series of carbonylates nucleophilicity The double bonds in I{Cl) and -Cl) are ap-
[17, 18]. Theprevailing halophilic route of reaction proximately equally activated to the nucleophilic
with tungsten and molybdenum carbonylates may battack, but the perfluortert-butyl group hinders the
due just to their unexpectedly low nucleophilicity. carbonylate attack at the double bond in compound

halides either on the halogen atom or on thgystem
is also stronglyaffected bysteric factors. It iswell
illustrated by the reaction of [Re(CgNa and
[CpMO(CO)JLi  with  1-chloro-2-(perfluorotert-
butyl)hexafluorocyclopent-1-eneV{CIl) (Scheme 7).

*

L . V-Cl). Its reaction with [CpMo(CQjJLi vyielded
The direction of carbonylate attack in alkenyl E)nly 33limer [CPMO(COY], a[ndepI(\/Ioc?C]:O;)gI. The
steric effect of the perfluorotert-butyl group
crucially affects the direction of reaction also with
rhenium carbonylate. Instead of the quantitative
nucleophilic substitution observed with alkerleQ])
with alkene ¥-CI) selectively proceeds MHig
exchange to afford in high yield anion compleis-

The carbonylates activity in the reactions §f2 type by the [CoF C(O)Re(CO)CI]Na (V-Re) (Scheme 7).
data of Dessyet al. [17] changes in the seriefiog (k/k)}: 915

[CPW(CO)]™ (2.7) > [Mn(CO)J~ (1.9) > [CpMo(CO)]- Unlike the previously studied anionic acyl
(1.8) > [Co(CO)]” (0); Atwood et al. observed somewhat complexes [#9] in the % and3C NMR spectra of
different series for carbonylate salts with [@PhN]* in  (V-Re) complex is observed the effect of hindered
THF [18]: [Mn(CO)]™ (2.25) > [CpW(CO)]  (1.75) > rotation of C(O)Re(CQ)I group. Thesignals in the
[CpMo(CO)]™ (1.55) > [Co(CO),]" (0). spectra at room temperature are strongly broadened;
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Table 3. Composition of products from reaction of [CpFe(CB) with 1-chloro-2-(trifluoromethyl)hexafluorocyclo-
pent-1-enel(Cl) in THF. Theeffect of anion and radicditraps’

Run |Tempera-| Additive, equiv |Consumption of Yield of reaction product, %
no. | ture,°C per 1 mole (I-Cl) calculated

[CpFe(CO)K [CpFe(CO)IK, % I-Fe [[CpFe(CO)],| VI Vil I-F
1 -50 |No additives - 9 75 2 <0.5 10
2 0 [Ph(Et)CHCN, 5 50 5 70 5 4 <2
3 -115 |Ph(Et)CHCN, 5 75 11 75 <1 2 3.5
4 -60 | t-BuOH, 6 100 5 70 2.5 5 35
5 -50 [(cycloCiH,;),PH, 5 -° 6 70 3 4.5 .
6 -50 |PEt, 1 -° 10 75 2.5 <1 .
7 -90 |MeOH, 100 55 9 75 <3 <2 <2'

CH,(CN),, 1C¢°

? Yields of productsvere determined fronH and'*F NMR spectra of the reaction mixtures relative to internal standard.
® Yield of F 10%.

¢ Chloroalkene I-Cl) reacted with phosphines giving a complex produrtixture.

Not determined.

¢ MeOH and CH(CN), were added 2 miafter charging chloroalkené-Cl), i.e.aftercompletion of thereaction.

" Yield of F* 35%.

d

Scheme 7.
CF CF
F y y
3C\Cl/ CF; F3C\Cl/ CF;
. CpMo(CO),Li
F 6/01 = | F @ Lils cpMo(co) 01[ A [CPMo(CO); |
5 THE, +20°C 2 p ) 3 -LiCl ™ 312
FF, F, F, 40% o
CF, CF, F.c CFs
F3C\é/ CF3 F3C\C|/ CF3 3 \Cl/CF3
Re(CO)<]Na i
ql [ 5 F Na C, >
- -R l|=—| F
Fzé/ THF, +20°C | > J «(COKC ’ Re(COx M
F2 F2 F2 F2 F2 F2 Cl
V-Cl V-Re > 80%

nonetheless, the chemical nonequivalence of fluorines Complex {/-Re) is of low stability and apparently
in CF, groups due to the hindered rotation of ttie-  exists in the equilibrium with Re(CQ}!l and the
C(O)Re(CO)CI group is quite obvious (Table 2). corresponding alkenyl carbanion.

At cooling to -64°C the peaks geharrower, and In the presence of the air oxygen the solution of
the triplet from (CK),C group in the'®F NMR (V-Re) complex suffer relatively fast decomposition
spectrum becomes a doublet of doublgigy. 3),i.e., quantitatively affording Re(CQEI and a mixture of
the coupling with eachproton of the Ck group ———
occurs with a separate consta8tich acyl complexes = IR spectrum of diluted solutions of (V-Re) complex in THF
at fast rotation of the organic ligand possess a plane is a combination of Re(CQFl spectrum and that of acyl
of symmetry, andhus two C=0 groups get equival-  rhenium complex ¥, cm™* 1604 m, ~ 2000 v.s, 1938 s,
ent [7-9]. On the contrary, at low temperature in the 2104 m); yet in a concentrated solution of the reaction
13C NMR spectrum of Y-Re) complex to each C=0  mixture in the’*C NMR spectrum no signals frofRe(CO)
group belongs a separate sig(iig. 3). are registered.
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Scheme 8.
CF, CF,
[CpFe(CO),IK
F, CL, [CpFe(CO),JK —=| F, F oy CpFe(C0),Cl| ——————= [CpFe(CO),],
F, F, F, F,
I-CI
CF; CF; *Fe(CO),C Fe(CO),Cp
; l Pl BH l 1 [CPFe(COLIK |CF3 K £1 )2Lp CF, S
: ’ FZU/F2 KF  FA_F,
F, F, F, F, F, F,
I-H VII
BH = t-BuOH, Ph(Et)CHCN, ¢yclo-C4H,,),PH
PhCH(Et)CN andt-BuOH (run nos. 24, Table 2)
CF, CF, and by ¢€ycloCgH,q),PH commonly used as
F Cl KF F hydrogen donor in radical process¢$9] (run no. 5,
2 — 5 Table 3).
FIZCFIZ F, F The yield of the product of the nucleophilic sub-
) I-F stitution is reduced by 5%, and at the same time in

5% vyield arises a newoc-allyl complex VI
polyfluorohydrocarbons that separated from the THRScheme 8). Thelatter apparently is the addition
solution as heavyoil. product of [CpFe(CQOJK across the n-bond in

. . . hexafluoro-2-hydro-1-trifluoromethyl)cyclopent-1-ene

The main pathway in the extremely fast reaction ofi| yy \yith subsequent eliminationygfya fII?Joride-ion

[CpFe(CO)K with chloroalkene [-Cl) is not the g, yhe allyl position(Scheme 8). The change in the
nucleophilic substitution but carbonylate oxidation o tion products composition effected by tHeaps’

into a dimer [CpFe(CQ),. The expecteds-vinyl g o4 ingignificant that theiefficiency isdubious.
derivative (-Fe) was registered only as one of the

minor products. Asignificant amount of perfluoro-2- In this connection we performed an additional
methylcyclopent-1-enel{F) was found (Scheme 2, experiment by adding into the reaction mixture
Table 3) evidencing formation of a fluoride ion in stronger “acids; MeOH and CH(CN),, 1-2 min
the course of the reaction. THEF NMR spectrum after the mixing of the reagents (run no. 7, Table 3).
indicates also presence in the reaction mixture ofVe failed to detect in this run the protonation pro-
small amounts of the otheproducts. Among the ducts of vinyl carbanionl¢H) and {II'); thus after
latter we succeeded in isolation and identification ofcompletion of the reaction betweenl-Cl) and
complex ¥I) (Scheme 2). Thestructure of complex [CpFe(CO}]K no vinyl carbanions were present in
(V1) is revealed by thé’F NMR spectrum (Table 2). the solution.
Thus the presence in the molecule of a fragment
(Ry),C=CFFe(CO)Cp is confirmed by a signal in a
very weak field (2.28 ppm) [1], and thesplitting of A . :
theysignal into a(l doubpllrjet \)N[ltg a constaipcl?_F 369Hz participation of metal carbonyl radicalpl]. This
corresponds just to trans-1,4-position of the fluoringt€St IS based on an extremely fast ligand substitution
atoms in the 1,3-dieneystem. (k,>10" I mol™" s7) in such radicals as [CpFe(C£))
’ [20, 21]. In thereaction under study the phosphine

A number of experiments with the use ofraps’ test gave negativeresult: no phosphine iron
(run nos. 27, Table 3) did not elucidate the nature complexes were found in the reaction mixture (run
of the redox processes in the reaction betweemo. 6, Table 3).
[CpFe(CO}IK and alkene (-Cl). The surprisinghing
is that the composition of the reaction products i’ Presumably thedyclo-C,H,,),PH in this case behaves as an
equally weakly affected by sucproton donors as  acid.

The reaction carried out in the presence of a
tertiary phosphine may beised for revealing the
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Scheme 9.
Ph Cl Ph  Fe(CO),Cp Ph (I
+[CpFe(CO),]K: >=< +
F F —KCLKF g F F Fe(CO),Cp
E-VIII-C1 E-VIII-Fe
Ph Ph H
_ _+|PhCH(EHCN
[CpFe(CO),1,+ K|l———
—KCl
F F F F
‘ Z-VII-H
—KF
CpFe(CO), K
[PhC=CF] %PhCECFe(CO)ZCp

As a result we should state that the fraction ofvirtually did not affect the yield of the products of
intermediates trapped with radical or carbanionthe nucleophilic substitutioifcf. run nos. 1 and 2, 3
“traps’ is too small for definite conclusion on halo- or 4 and 5, Table 4). Consequently, in formation of
philic or SET mechanism of the redoprocess. these products do not takmart alkenyl carbanions.
Chloroolefin (-CI) is weaker oxidant in the SET Thus there is no reason for changing the previously
processes in the outer sphe@fd: -1.62 B) than assumed mechanism of nucleophilic substitution in
(CF;);CCF=CFCI ERed = -1.04 B)[22]; however the chlorodifluorostyrenes effected p¢pFe(CO)K
the reaction of the latter takes the halophilic rojgg [5] (Scheme 3).

By analogy with the reaction with molybdenum In the preceding paper [5] we already stated that
and tungsten carbonylates we may assume (Scheme g)ncqr_rent_wnh the nucleophilic vinyl substitution
that the oxidation of [CpFe(CQK effected by prevailing in the Z-isomer of styrene Z-VIII -Cl)
chloroolefin (-Cl) occurs via MHIg exchange (run no. 1, Table 4) occurred also OXI(.jatlon. of
(Scheme 8). At the same time it should be taken intdCpFe(CO)IK, the main pathway for reaction with
consideration that perfluoro-2-methylcyclopent-1-ené=-isomer E-VIIl -Cl) (run no. 4, Table 4). The
(I-F) where the halophilic attack is totally impossible presence in the reaction mixture BhRCH(Et)CN as a

also is capable to oxidize tH€pFe(CO}K [3]. proton donor cruciallchanged the composition of the
reduction products originating frof&-chlorodifluoro-

The reactions oZ- and E-B-chloro,-difluoro-  styrene E-VIIl -CI) (Scheme 9, run no. 5, Table 4).
styrenes  Z-VIIl -Cl ~and E-VIIl -Cl) with  The formation of PhECFe(CO)Cp is completely

[CpFe(COYK we previously [5] interpreted as ad- syppressed, and the only reduction product of styrene
dition-elimination process including the direct attack(g.v|j| -Cl) is then z-difluorostyrene Z-VIII -H,

of the nucleophile on the-bond (Scheme 3); there- yje|d 239).
with the possibility of the halophilic reaction path o _ , _
(Scheme 1) was natonsidered, and no experiments Similarly in reaction of [CpFe(CQ)K with the

with “anion traps were performed_ other isomer l-Vl” -Cl) in the presence otert-
butanol grows the yield ofE-difluorostyrene (run

There are no publishedata on CH-acidity of the 4 "3 Taple 4). These facts support #alier assump-
o, B-difluorostyrene VYIll -H), conjugate acid of the {iqn [5] that in this process operate alkenyl carbanions

probable reaction intermediate, but the acidity Of(Scheme 9): however the halophilic mechanism of
IT(;CH(E%CNhand:]ert-butanol IS glbvu;usly higher g renes YIIl -Cl) reduction is not unambiguously
[10], and thus they are suitable for trapping confirmed by thesedata.

[PhCF=CF] carbanion. It turned out that the
presence of proton donors in the reaction mixture The formation of alkenyl carbanions may be
_ described as succession of two acts of one-electron
" Potential of the reduction peak on a Pt electrode measured biransfer (SET) on condition that reduction of the
the cyclic voltammetric method in CJEN, 0.05 M ByNBF,,  alkenyl radical occurs faster than its other transforma-
Ag/AgCI/KCI, 20°C. tions. On the otherhand the conservation of the
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Table 4. Effect of “anion trap8 on the products of reaction between [CpFe(gK)and Z- and E-isomers of
B-chloro-o, B-difluorostyrene Z- andE-VIII -Cl)in THF?

Tempe- Geometri- Anion Geometrical configuration
Run cal con- trap, equiv. and yield of reactionproduct, % Other products,
rature,| . i : o/b
no. | ", ' [figuration per 1 mole yield, %
of styrene| [CpFe(CO)IK [PhCF=CFFe(COEp|[Fe(CO)Cp], | PhCF=CFH
1 20 z No additives Z, 64 19 E, 4 -
2 20 z a-PhCH(Et)CN, § Z, 76 19 No data -
3 20 z t-BuOH, 15 Z, 65 18 E, 6 -
4 | -30 E No additives E, 17° 41 Z 2 PhCG=CFe(CO)Cp, 9
5 | -30 E a-PhCH(Et)CN, § E, 20° 50 Z, 23 -

2 |nitial concentrations: [CpFe(CGK],~0.05-0.07 mol I*, [PhCF=CFCI}~0.08-0.012 mol i*. Data on the run nos. 1
and 4 from [5].

® Yields of productsvere determined fromH and*°F NMR spectra of the reaction mixtures relative to internal standard.

° In the reaction also formed-8% of zZ-PhCF=CCIFe(COLp.

Table 5. '"H NMR and IR spectra,THF, 22C

'"H NMR spectrum, 3, ppm

Compound IR spectrunf, v, cnt
Cp

[CPMO(CO)IK 4.988 s - -
[CpMo(CO)Li 5.011 s - -
[CpMo(CO)]CI 5.778 s - 1965 sh, 1979 vs, 2056 s
[CpMo(CO)], 5.37 br.s - 1895 sh, 1919 vs, 1963 vs, 2018 s
[CPW(CO)JK 5.038 - -
[CpW(CO)]CI 5.896 s - 1961 vs.br, 2049 s
[CPW(CO)], 5.470 s - 1900 sh, 1910 vs, 1961 vs, 2013 s
[CpMo(CO)],Hg 5.544 s - -
[-Mn - - 2035 sh, 2051 vs, 2088 vc, 2042 s
I-Re - - 2030 sh, 2047 vs, 2091 m, 2157 s
I-Mo 5.908 s - 1975 sh, 1988 vs, 2058 s
I-W 6.022 s - 1955 sh, 1974 vs, 2052 s
I-Fe 5.205 - 2004 vs, 2051 vs
I-H - 7.895 m -
Z-11-Mo 5.875 s - 1953 s, 1993 vs, 2058 s
E-1I-Mo 5.855 s - 1953 s, 1993 vs, 2058 s
v 5.994 s - 1760 s, 1970 sh, 1987 vs, 2058 s
VI 5.236 s - 2000 vs, 2048 vs
VII 5.005 s 2.979 d.b 1987 vs, 2035 vs

2 | 0.02 cm, region 16002300 cm™.
® In acetonedy [%, - 26.0, ', 7.5 Hz, CGHFe(CO)Cp].

double bond configuration in hydrodehalogenationunder conditions of one-electron reduction, the so-
both of E- and Z-isomers of styrenesV(ll -Cl) is  called electrochemical activation, results in a mixture
hardly consistent with the radical reaction mechanismof Z- and E-isomers of the products of nucleophilic
The alkenyl radicals and anion-radicals are known tesubstitution [23]. In conclusion, weelieve that for

be prone to rapid&/E isomerization, an@.g.reaction the redox process under consideration the mechanism
of [CpFe(CO)JK with olefins (Z-VIII -ClI, E-VIII -Cl)  via exchange stage MHlg is more probable.
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EXPERIMENTAL halide (-Cl) [1, 4-6]. The yield of fluoride and
chloride ions was determined with ion-selective
All operations with reagents sensitive to the airelectrodes. Main products of reactionsetween
oxygen were carried out in a vacuum or undercarbonylates and alkenyl halides@l) and {1l -Cl)
purified argon in sealed glassware or systems oivere previously described and characterized in
Schlenk type as described in the previous articlesufficient measure, and thuthey were identified by
[1, 4-6]. spectral data without isolation (Tables 2, 5).

1-Chloro-2-(trifluoromethyl)hexafluorocyclo- Authentic samples of CpMo(CO)Cl and
pent-1-ene (FCl) was purchased in the Stock CpW(CO);Cl were prepared in order tadentify
Company P&M (Moscow), 1-chloro-2-(perfluotest- them in the reactionmixture. To this end excess
butyl)hexafluorocyclopent-1-ene V{CI) was syn- CICF,CFCl, reacted with [CpW(CQJK and
thesized from the corresponding perfluoroalkene [CpMo(CO)]K at room temperatureAlkene (-H)
kindly supplied to us by Yu.V.Zeifman (Institute of was synthesized similarly to 1-hydroheptafluoro-
Organoelemental Compounds of the Russiartyclopent-1-ene [25] by protodemetallation®ivinyl
Academy of SciencesMoscow). The isolation of complex (-Mn) in 80% H,SO, (110°C, 18 h) and
individual isomers ofp-chlorou,p-difluorostyrenes was characterized by GC-MS methad/z (1., %):
(VIIl -Cl) [5], the preparation and purification 244 (60)M*, 225 (80) M-F]*, 194 (100) M-CF,]*,
procedures for the dimers of metahrbonyls, the 175 (80) M-CF;]", 125 (20) [GHF,", 75 (15)
methods of preparation and dosage of reagents afj@;HF,]", 69 (10) [CR]".
solvents were repeatedly described in the previous

communications [1, 46]. 1-(Pentacarbonylmanganese)-2-(trifluorometh-

yl)hexafluorocyclopent-1-ene (I-Mn) was prepared

The carbonylate salts was obtained in quantitativdy treating with [Mn(COJ]JK obtained from
yield by reduction of the correspondindimers: [Mn(CO)s], (159 mg, 0.82 mmol) and 80ul of
[CpFe(CO)IK, [Mn(CO)glK, [CpW(CO)JK and NaK,gin THF (4 ml), chloroolefin (-Cl, 244 mg,
[CpMO(CO)IK with NaK, g alloy in THF [24], 0.88mmol) at 20C. The isolation of the product was
[CpMO(CO)JLi with  0.1% LiHg; [Re(CO}JNa  performed by column chromatography on silica gel
prepared by reduction of the dimer with5% NaHg (Merck, L 63/200),eluent hexanelichloromethane,
was additionally purified by low-temperature crystal-4:1, yield of (-Mn) 320 mg (89%).

lization from THF [4]. Anionic complex (V-Re)was obtained by treating
'H (400 MHz), °F (376.3 MHz), and*C alkene ¥-Cl, 110 mg, 0.25nmol) with recrystallized
(100.58 MHz) NMR spectra were registered on[Re(CO)]JNa (0.190 mmol in0.56 ml of THF) at
spectrometer Varian VXR-400. Chemical shifts in20°C directly in an NMR tube*C NMR spectrum
the 1% NMR spectra are given id. scale and are (THF, -64°C, 8., ppm): 256.91 n{C=0), 190.95 m
measured with respect to one among the followingC=0), 190.47 d J.¢ 6.2 Hz, GO), 189.76 s
internal references: &g (6 = -162.9 ppm), PhCF (C=0), 187.95 m (€0), 121.39 g.m ](JC_F
(g = -61.96 ppm), and gHsF (6 = -112.75 ppm), 292.5 Hz, CF).
chemical shifts of standards in the special experiment _ and E-lsomers of bis(tetrafluoro-2-(trifluoro-
were referred to g_FB in THF. The ESRspectra were methyl)-3-(n5-cyclopen§[adienyltricrglrbonyl-
registered on Variaiie-12A spectrometer. IR spectra molybdeno)cyclopent-2-enylidene)Z- and E-1I-Mo)
were recorded on UR-20 spectrophotometer. Masgq e jsolated from the mixture of reaction products
spectra were measured on MS-890 instrumeldc-  qineq from chloroolefinl¢CI, 188 mg, 0.68nmol)
tron impact, 70 eV, source temperature G0 and [CpMo(CO)Li prepared from [CpMg],

Kinetic measurements on reaction of [MN(G) (170 mg,0.69 mmol) and0.05-0.1% LiHg (0.5 mi)
with alkenyl halide (-Cl) were carried out on spectro- ;. tHE (10 ml) at 26C. The residue after evapora-

photometer Hewlett-Packard-8452A by measuring thgjo of THE was dissolved in 3 ml cEHCl,, and the
optical density in the _c_arbonylate absorption re.g'onseparated precipitate of [CpMo(C) w§§ filtered
(A 306 nm). Theconditions of the electrochemical ¢ Ahout a half of the filtrate was subjected to
experiments were as described before [22]. chromatography on a column packed with silica gel
The 'H and ®F NMR spectra were used to (Merck, L 63/200), eluent hexaneether, gradient
determine qualitative and quantitative composition ofelution from a mixture 3:1 till 1: 1. Theones eluted in
the reactiomrmixtures, for monitoring theeactions of succession were as follows: cranberry-red,
molybdenum and tungsten carbonylates with alkeny[CpMo(CO)],; light yellow, [CpMo(CO}],Hg
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(<5 mg); yellow (I-Mo); brick-red, CoMo(CO)CI;  -2F]", 206 (40) [GHF,]", 187 (60) [CpFeH]", 186
bright yellow widezone containing 20 mg of a mix- (60) [Cp,Fe], 140 (100) [CpFeF], 137 (90)
ture of @- andE-Il -Mo, ~15%). At thebeginning of [CcHF,], 121 (90) [CpFe], 75 (20) [GHF,]*, 69
the last zone was collected a fraction @I(-Mo). (20) [CR;]", 65 (15) [Cp].
Found, %: C 36.77; H1.05. GgH;yF;,M0,0s. R :

i , . eaction of chloroalkene I{Cl, 205 mg,
Calculated, %: C37.36; H 1.12.From trienes Z- 0.74 mmol) with KF (58 mg, 1mmol, dried in a

and E-ll -Mo) were not obtained plausible mass, .., at'18eC for 2 h) was carried out in 1.5 ml

spectra both at ionization with the electron impact or g . . .
under conditions of the chemical ionization atof THF at stirring.After 45 min the yield of chloride

. : ion according to potentiometric titration wasl%;
atmosp_h%glc pressur@APCl). However thelrchar- then into thegreactl?on mixture was added 18-crown-6
acteristic™"F NMR spectra are reported in Table 2. (20 mg, 0.076 mmol), andlready 10 min later the

Tetrafluoro-2-(trifluoromethyl-3-( n°-cyclo- Yield of the chloride ion was quantitative. In the
pentadienyltricarbonylmolybdeno)cyclopent-2-en-  *%¢ NMR spectrum were observed broad (up to
1l-one (IV) was isolated from the products of the 100 Hz) signals of perfluoromethylcyclopentene),
reaction between [CpMo(CglLi and chloroalkene the original alkene wasabsent.

(I-Cl) in THF/t-BuOH by means of TLC on Silufol .
] : . We are grateful t€€and. Chem. Sci. E. Nbhaposh-
UV-254 plate, eluent hexanedichioromethane, 2: 1 nikov and Dr.Chim. Sci. B. L. Tumanskii (Institute of

(VAT
g§f494i)2 M&(S; s&e_%rou]rp (I\QLrjr;{[zer(lre:th/cé)éGclu(sgg)r Organoelemental Compounds of the Russian

- + Academy of Sciences) for active participation in
E“;G?&(Zr(lgggs[tgghﬁ%iﬁp 3 g%%)[%%l;ﬂ?gﬂ F 3]3'“5;? discussion and recording of the ESR spectrgydst-

duate student D.N.Kravchuk and Assistant
(60) [C;HF,]*, 65 (60) [Cpf. GC-MS spectrum of 9 \ .
a volatile fraction from thesame reaction mixture in Professor T.V.Magdesieva (Chemical Department of

combination with!®F NMR data permitted identifica- Moscow University) for electrochemical measure-

tion therein of S-ertbutoxy)octafluoro-5-hydro- MeNts, and to Cand.Chem.Sci. N.Akhmetova
methylcyclopent-1-enell( ), m/z (I, %): 283 (80) (Chemical Department of Moscow University) for

[M-CH.]*, 225 (100) M-C,H,Ol', 175 (15) constant help in registering NMBpectra.
[CcHF(™, 113 (10) [GHF,", 69 (10) [CR]*, 57
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