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Abstract—Cyclopropyl-substituted alkenes react with complexes formed by boron trifluoride and 3-(ethyl-
thio)propionyl fluoride and 2-(ethylthio)acetyl fluoride to give ketones containing an ethylthio group. In most
cases the reaction is not accompanied by opening of the three-membered ring or rearrangements.

Acylation of unsaturated hydrocarbons is a con- Acyldimethylsulfonium salts smoothly react with
venient method for synthesis of unsaturated ketona®adily polymerizable 1,3-dienes, affording the corre-
from accessible hydrocarbon raw materials. Howevesponding conjugated dienones in preparative yields.
this reaction is often accompanied by polymerizatiorThe reaction of S(Ck),—BF; with trifluoroacetic
or oligomerization of initial unsaturated hydrocarbonsanhydride gives a complex analogous to acyldimethyl-
especially of such reactive alkenes as styrene argllfonium salts. Its reactions with olefins result in
conjugated dienes [1, 2]. formation of a,B-unsaturated ketones having a tri-

Modification of strong electrophiles by complex fluoromethyl group [611].
formation with various nucleophiles is one of the
main approaches to creation of new electrophilic Scheme 1.
reagents. Following this approach, complexes of

acylium salts with nitriles and acetic anhydride were CHLCOBF.. S(CH.) T<CH3>2
recently synthesized [3, 4]. Ph—CH=CH, i e Ph—C—COCH,
We previously found that acylium salts with di- I|{

methyl sulfide form complexes which are highly

reactive toward various olefins. Using IR and NMR Hy0, OH™

spectroscopy, it was shown that these complexes have Ph—CH=CH—COCH,
the structure of acyldimethylsulfonium salts [5]:

We recently synthesized intramolecular analogs of
acyldimethylsulfonium salts by reactions of(ethyl-
thio)alkanoyl fluorides with boron trifluoride at
Hy -60°C. The resulting complexes, as well as acyldi-

methylsulfonium salts, were found to react with un-

Reactions of acyldimethylsulfonium salts with saturated hydrocabons to afford conjugate addition
unsaturated compounds in most cases occur as cqoroducts of the acyl and sulfonium moieties at the
jugate addition of the electrophile (acyl group) anddouble bond [12, 13]. We expected that the presence
nucleophile (dimethyl sulfide) to afford the corre-in such complexes of an ethylthio group capable of
sponding sulfonium salts. Subsequent treatment dbrming covalent bonds in cationic reactions should
the reaction mixture with a base leads to formatiorsuppress side polymerization and isomerization
of «,B-unsaturated ketones (Scheme 1). processes which generally accompany acylation of
alkenes possessing a three-membered ring. Depending
" This study was financially supported by the Russian FoundaOn the acylating agent, the reaction could give cyclo-

tion for Basic Research (project no. 97-03-32959a). propane and cyclobutane derivatives, products of
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ACYLATION OF CYCLOPROPYL-SUBSTITUTED ALKENES 327

three-membered ring opening, or their mixturesa doublet ab. 161.70 ppm with'J.- = 360 Hz; also,
[14-17]. Therefore, cyclopropyl-substituted alkenesa doublet até. 163.45 ppm J(JCF = 352 Hz) was
are convenient models for studying reactions withpresent, which is likely to belong to dor@cceptor
ethylthioalkanoyl fluorideBF; complexes and com- complexA. The singlet at 181.93 ppm and broad
paring the latter with other acylating agents. signal at 180.2177.4 ppm can be assigned to cyclic
The complexes EtSC}CH,COF-BF, (I) and form of the complex ) and oligomeric structur€,

EtSCH,COF-BF, (Il ) were synthesized by saturating respectively (Scheme 2). The signal from the carbonyl
a solution of the corresponding acyl fluoride in€arbon atomdg 181.93 ppm) is not split, indicating
methylene chloride with boron trifluoride at60°C. formation of a ionic structure with tetrafluoroborate
Complex | is poorly soluble in methylene chloride anion. The presence of a positive charge on the sulfur

and is stable below®C. Raising the temperature leads2i0M IS confirmed by downfield shift of signals from
to fast decomposition of the complex into the initial "€ Methylene groups attached to the sulfur atom:
compounds: 3-(ethylthio)propiony! fluoride and boron H- 9 4-1-3.5 ppm against 2:2.5 ppm for the initial
trifluoride. ComplexlIl begins to decompose into the acyl fluoride; =C: 8. 42-36 ppm against 324 ppm
components even at30°C. for the initial acyl fluoride.

The structure of complexdsand|l was studied by ~ The 'H and*°C NMR spectra of complex were
spectral methods. The IR spectralcdndll at-60°C  recorded in CCl, at-55°C. Unlike complex!, the
lacked absorption in the region 20€B00 cm?, Spectra ofll contained no signals from the initial
which is typical of carbonyl group in acylium salts. acetyl fluoride EtSCHCOF. According to the NMR
The presence of absorption bands at 1850 'cm data, complex| exists in solution as a2:1 mixture
suggests that the cashyl group is attached to of cyclic dimeric and monomeric form® and E
an acceptor substituent. In the IR spectrum of com(Scheme 3).
plex I we observed absorption bands at 1710 and
1750 cm', which indicate coordination of the BF
molecule at the carbonyl oxygen atom.

Et
The *H and 13C NMR spectra of complex were Lo
recorded in a CBCl,-CgDsNO, mixture (deuterated  giscH,cCOF + BFy — = i f
N
Et

Scheme 3.

nitrobenzene was added to increase the solubility) at
-60°C. Apart from signals belonging to the initial
acyl fluoride, we observed three more sets of signals.
The 13C NMR spectrum contained a signal from the D
carbonyl carbon atom of initial propionyl fluoride as
— Et/sko

Scheme 2. -—

2BF;

BF}

S F
EI/ \/\n/ E
EtSCH,CH,COF + BF, ——= F

g These structures are characterized by the following

v sets of signalsD: *H NMR spectrumy, ppm: 4.84.6
A (COCH,), 3.6-3.35 (CH,, Et), 1.451.35 (CH);
13C NMR spectrum,., ppm: 169.09 (CO), 49.99
?‘ (CH,), 36.74 (CH, Eft), 10.39(CH); E: 'H NMR
St - spectrum, 5, ppm: 4.554.45 (COCH), 3.3-3.15
) v\[]/Y (CH,, Et), 1.451.35 (CH); °C NMR spectrum:
BF, O 168.49 (CO), 44.37 (Ch), 30.48 (CH, Et), 11.35
B (CH,). We failed to assign the signals in more detail.
_ The absence of coupling between the carbonyl carbon
[%O atom and fluorine indicates that both forsand E
ST BF;

of complexIl have ionic structure. As in the spectra
of I, downfield shift of the methylene group signals in
both *H and 13C NMR spectra suggests considerable
c localization of the positive charge on the sulfur atom.

Et
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Scheme 4.

(1) EtSCH,CH,COF, BF,

0 0
CH,Cl,, —60°C SEL O
(2) KHCO;, H,0 R KHCO;, H,0
il N
R BFy R e SEt
t

IIL, IV

o O—ut

VIIa, VIIIa VIIb, VIIIb

I, vil, R = H; IV, VI, R = CH,.

We have examined acylation with the complexes The complex EtSCECH,COF-BF; reacted with
EtSCH,CH,COF-BF; and EtSCHCOF-BF; of vinylcyclopropane I{l ) to give a mixture of com-
various hydrocarbons of the vinylcyclopropane seriegpoundsVila andVIIb at a ratio of 1.2:1; here, prod-
vinylcyclopropane I(1 ), 1-methyl-1-cyclopropyl- uctVllb was exclusively th& isomer. The formation
ethylene V), 1,1-dicyclopropylethyleneM), and of different o,f-unsaturated ketones can be explained
1-cyclopropyl-1-phenyethyleneV(). These reactions by the fact that intermediate cyclic sulfonium s&lt
were characterized by almost complete suppressiaeacts with bases along two pathways, affording two
of isomerization of the three-membered ring due tgossible intramolecular elimination produdtda and
binding of intermediate carbocations by the sulfurViib . Isopropenylcyclopropand\() also gives rise to
atom. Opening of the three-membered ring was oba mixture of products, but the ratigllla : E-VIIIb :
served only in the reaction of compléxvith 1-cyclo- Z-VIlIIb is 5:1:1. In this case, the product ratio
propyl-1-phenylethylene]). In all other cases Vllla :VIlIb is likely to be determined by steric
neither rearrangement nor opening of the three-menkindrance to elimination. In the reaction of complex

bered ring occurred (Scheme 4). I with 1-cyclopropyl-1-phenylethyleneV() both
Scheme 5.
EtSCH,CH,COF, BF, <|_mu H R!
CH,Cl,, —60°C
2412 A R1 = A Rl - +/\%\Ph
Ph Ph Ph H
VI G H I
/Et Ph /Et Ph
EtSCH,CH,COF ST = 0 I ST = 0
h S/ h S/
path a . path b .
0 SEt 0 St—R?
/
Et
J K
KHCO3, H,0 KHCO3, H,0
Ph O Ph O
=
= SEt =
EtS EtS
IX X

R' = CH,COCH,CH,SEt, R = (CH,),CH=C(Ph)CHC(O)(CH,),SEt.
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Scheme 6.
EtSCH,COF, BF; R 0
CH,Cl,, —60°C KHCO;, H,0 _
+ _ =
T BF] SEt
R
.y R O
III, 1V, VI L XI-XIIT
I, XI, R = H; IV, Xll, R = Me; VI, Xlll, R = Ph.
Scheme 7.
0
EtS(CH,),COF, BF, )
CH,Cl,, —60°C n KHCO,, H,0
2Ll . 3 172 ™ SEt
SEt
_ OH O
BF;
v XIV, XV

XIV, n=1; XV, n= 2.

productsiX and X were formed via opening of the propyl), the corresponding and Z isomers are
three-membered ring (Scheme 5), in each case onfprmed in equal amounts. In going to R = gHhe
the E isomer being obtained. The double bond confraction of theE isomer increases, and in the reaction
figuration at G was determined using NOE spectra.with vinylcyclopropane (R = H) th& isomer ¥I) is
CompoundsiX and X showed no NOE between the formed exclusively.

vinyl proton on € and CH protons on €. On the Complexesl and Il react with 1,1-dicyclopropyl-
other hand, NOE for thertho-protons of the benzene ethylene ¥) in an unusual fashion. The only products
ring vinyl proton on € was 5%, which corresponds were B-hydroxyketonesXIV and XV, respectively
to the E configuration. (Scheme 7).

The formation of unusual products in the reaction The formation of such products is likely to be

of complex | with 1-cyclopropyl-1-phenylethylene determined by high stability of intermediate dicyclo-
(V1) may be explained as shown in Scheme 5. Firsfropylcarbenium ion whose stabilization does not
carbocationG is formed, which may be representedrequire assistance by sulfur atom. Hydrolysis of the

by two canonical structurebl and|. CationG can reaction mixture leads to compouns/ andXV.
be stabilized via reaction with the sulfur atom of acyl The different paths in reactions of complexks

fluoride present in the reaction mixture (path or -4y with 1-c
) ) . . -cyclopropyl-1-phenylethylene are worth
via reaction with sulfonium salt thus formed (pdth noting. The reaction ofil with 1-cyclopropyl-1-

Hydrolysis of sulfonium saltg andK gives ketones : g 1.
. phenylcyclopropylethylene yields 4-cyclopropyl-1

IX and X, respe_ctlve_ly. Unsaturated _k_etonl?s and ethylthio-4-phenyl-3-buten-2-onexX(ll ) as a mixture
X are formed with .h'g.h stereo_selectl\{lty SINCe MOr€yt £ and Z isomers and involves neither opening nor
bulky phenyl group in intermediate cati@h oCCUpIes o5 angement of the cyclopropane ring. An analogous
thetrans position relative to the cyclopropane ring. | aaction with complex leads to formation of two

Reactions of cyclopropyl-substituted hydrocarbongjifferent ketonedX and X via opening of the three-
with the complex EtSCHCOF-BF; (Il) were not membered ring. A probable explanation is that in the
accompanied by opening or rearrangement of thgeaction of alken&/I with complexll five-membered
three-membered ring. The products,B-unsaturated cyclic sulfonium saltL is rapidly formed, whereas
ketones XI-XIIl , were obtained in high yields in the reaction witH the corresponding six-membered
(Scheme 6). The ratio oE and Z isomers depends salt F is formed at a lower rate, and intermediate
on the size of the R radical. When R = Ph (the sizecarbocation has enough time to undergo rearrange-
of the phenyl group is comparable with that of cyclo-ment with opening of the three-membered ring.
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Yields, elemental analyses, and IR and NMR spectra of ethylthio-substituted ketGhexV

Compound . Found, % Calculated, %
no Yield, % Formula
' C H C H
Vila 34 65.22 8.98 CyioH160S 65.17 8.75
Viib 29 65.31 8.54 CioH160S 65.17 8.75
VIlI 457 66.43 8.75 C,4H,40S 66.62 9.15
IX 19 67.02 8.20 C,gH,60S, 67.03 8.13
X 21 73.62 7.69 CygH,0S 73.80 7.74
Xl 77 63.25 7.98 CgH,40S 63.48 8.29
Xl 82 65.25 8.48 CyioH160S 65.17 8.75
Xl 49 73.45 7.32 C,5H,40S 73.13 7.36
Xl 49 73.32 7.39 C,5H,40S 73.13 7.36
XIV 52 63.53 8.71 CyHp00,S 63.12 8.83
XV 34 64.34 8.84 C;3H,,0,S 64.42 9.15
Compoung IR spectrlum, IH NMR spectrum,3, ppm 13C NMR spectrum,8, ppm
no. v, cnT
Vila 1690 (G=0),|6.37 d.d (1H, 2-H3J = 17.6,3] = 10.4 Hz), 6.20 d.¢l198.75 (CO), 136.84 (¢, 128.52
1620 (G=C) (1H, 1-H,8) = 17.6,20 = 1.2 Hz), 5.84 d.d (1H, (CYH, 45.99 (&), 45.15 (©O),
1-H, 3J = 10.4,1) = 1.2 Hz), 3.002.83 m (2H] 25.09 (SCH), 17.35 (CH, cyclo-
cocn—?), 2.79-2.48 m (3H, CHSCH), 1.21 t (3H,| propyl), 14.79 (CH), 5.41, 4.74
CH;, °J 7.2 Hz), 0.950.85 m (1H, CH, cyclo; (2CH,, cyclopropyl)
propyl), 0.620.17 m (4H, 2CH, cyclopropyl)
Viib 1670 (G=0),|6.32 d.d (1H, 1-H3J = 15.6,3J = 9.6 Hz), 6.11 d (1H,197.65 (CO), 153.26, 126.91
1630 (C=C) 2-H, 3J = 15.6 Hz), 2.77 s (4H, COC}EH,S),| (2HC=), 40.32 (C¢), 26.20,
2.41 q (2H, SEI,CH,, 3J = 7.6 Hz), 1.621.52 m| 25.80 (G, SCH,CH,), 14.75,
(1H, CH, cyclopropyl), 1.24 t (3H, CH 3J =| 14.69 (CH, cyclopropyl, CH),
7.6 Hz), 1.060.96 m (2H, CH, cyclopropyl), 0.68| 9.08 (2CH, cyclopropyl)
0.64 m (2H, CH, cyclopropyl)
Vila® [1680 (G=0),[6.47 d.d (1H, 2-H3J = 17.4,3) = 10.4 Hz), 6.20 d.¢1198.37 (CO), 137.59 (CH), 127.60
1600 (G=C) (IH, 1-H,3) = 17.4,%) = 1.1 Hz), 5.84 d.d (1H, (=CH,), 51.03 (¢), 46.94
1-H,3) = 104,23 = 1.1 Hz), 290 d (1H, COCH| (Cyua), 26.20, 25.80 (&
3) =135 Hz), 2.81 d (1H, COCH 3J = 13.5 Hz)| SCH,CH,), 14.75, 14.69 (CH,
2.65 d.q (2H, SE@I,CH,, 3J = 7.5,2) = 1.2 Hz)| cyclopropyl, CH), 9.08 (2CH,
1.22 t (3H, CH, 3 = 7.5 Hz), 1.18 s (3H, CH),| cyclopropyl)
0.89-0.70 m (3H, CH, CH, cyclopropyl), 0.5%
0.33 m (2H, CH, cyclopropyl)
E-Vllib 6.12 br.s (IH=CH), 2.83-2.68 m (4H, COCHCH,S),| Mixture of Z-VIllb and E-Vlilb :

2.56 q (2H, SE,CH,, 33 = 7.4 Hz), 1.94 d (3H
CHC=, 4 = 1.2 Hz), 1.26 t (3H, CH 3J =
7.4 Hz); the other signals are overlapped by thog
Villa

, 198.49, 197.72 (CO), 161.29,
160.88 (Gua). 123.79, 120.82

e ofCH=), 44.22, 44.05 (&), 26.01,
25.74, 25.72, 22.06 (CJ$CH,
and CH;, allyl), 20.28, 18.61
(CH, cyclopropyl), 15.08, 14.38
(CHy), 7.20, 7.03 (CH, cyclo-
propyl)
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Compoung IR spectri,lm, IH NMR spectrum,3, ppm 13C NMR spectrum,8, ppm
no. v, cnT
Z-Vllib 2.83-2.68 m (4H, COCHCH,S), 2.56 q (2H
SCH,CH,, 33 = 7.4 Hz), 1.53 d (3H, CKC=, 4 =
1.2 Hz), 1.27 t (3H, CH, 3J = 7.4 Hz); the othef
signals are overlapped by those of isonwla
IX 1720 (G=0) |7.3L7.25 m (5H, Hyon), 6.00 t (1H, CHe, 3J =|206.3 (CO), 141.8, 133.7 (2,
7.3 Hz), 351 s (2H,=CCH,CO), 2.67 s (4H, 130.7, 128.5, 127.2, 126.8-CH
COCH,CH,S), 2.66 t (2H, €H,, 3J = 7.3 Hz)| and 4C,,,), 45.4, 42.0 (€ and
2.58 q (2H, SEI,CH,, 33 = 7.4 Hz), 2.46 q (2H, C%, 31.2, 29.4, 26.1, 26.0, 25.3
C'H,, 3 = 7.3 Hz), 2.45 q (2H, SB,CHs, %) =| (CH,SCH, and CHSCH,CH,),
7.4 Hz), 1.27 t (3H, CH, 3= 7.4 Hz), 1.20 t (3H|, 14.8, 14.7 (2CH)
CH,, 3 7.4 Hz)
X 1690 (G=0),|7.35-7.23 m (5H, o), 6.45 d.d (1H, 2-H3J = 17.5,197.0 (CO), 142.0, 133.6 (2(),
1620 (C=C) 3J = 10.4 Hz), 6.07 t (1H, CH, 3J = 7.2 Hz)| 135.2, 130.5, 128.6, 128.2,
6.30 d.d (1H, 1-H30=17.520=1.3 Hz),5.76 d.d 126.9, 125.8 (2CH, CH,=
(1H, 1-H, 33 = 10.4,2) = 1.3 Hz), 3.80 s (2H, 4C,), 42.4 (¢, 31.0, 29.3,
=CCH,CO), 2.69 t (2H, CH,, 31 =7.2 Hz), 2.61q 25.8 (CH,SCH,CH,), 14.6 (CH)
(2H, SCH,CH,, 3J = 7.4 Hz), 2.48 q (2H, CH,,
8)=7.2Hz), 1.28 t (3H, CH, 31 = 7.4 Hz)
Xl 1670 (G=0),|6.40-6.33 m (2H, 3-H, 4-H), 3.24 s (2H, COGH),|193.52 (CO), 153.90, 124.51
1620 (C=C) 2.46 g (2H, SEI,CH,, 3J = 7.6 Hz), 1.661.50 m| (2HC=), 39.13 (C), 25.76
(1H, CH, cyclopropyl), 1.19 t (3H, CH 3J =| (SCH,CHy), 14.80, 14.03 (CH,
7.6 Hz), 0.960.93 m (2H, CH, cyclopropyl), 0.64| cyclopropyl, and CH), 9.08
0.62 m (2H, CH, cyclopropyl) (2CH,, cyclopropyl)
Xl 1680 (C=0),|6.33 br.s (1H,=CH), 3.383.30 m (1H, CH, cyclo;194.42 (CO), 162.97 (G,
1600 (C=C) propyl), 3.24 s (2H, SCKCO), 2.52 q (2H| 119.47 (CH=), 42.11 (C), 25.75
SCH,CH,, 33 = 7.3 Hz), 1.95 d (3H, CKC=, 43 =| (SCH,CH,), 18.80, 14.99, 14.17
1.2 Hz), 1.25 t (3H, CH 3J = 7.3 Hz) (CHg, allyl; CH, cyclopropyl;
CH,CH,), 7.27 (2CH, cyclo-
propyl)
E-XIl |1680 (G=0),|7.35-7.11 m (5H, H,,m, 6.34 s (1H,=CH), 3.30 §195.36 (CO), 163.90 (&), 138.64,
1600 (C=C) (2H, COCH,S), 3.253.15 m (1H, CH, cyclopropyl), 127.87, 127.75, 127.62 (6,
2.57 q (2H, S®,CH,, 3J = 7.4 Hz), 1.26 t (3H| 124.21 £CH), 42.21 (C), 25.78
CHg, 33 = 7.4 Hz), 0.930.90 m (2H, CH, cyclo-| (SCH,CHg), 14.80, 14.03 (CH,
propyl), 0.5:0.49 m (2H, CH, cyclopropyl) cyclopropyl, and CH), 7.45
(2CH,, cyclopropyl)
Z-XllI 1680 (G=0),|7.41-7.10 m (5H, H,om, 6.29 s (1H,=CH), 2.93 §194.51 (CO), 160.52 (€), 137.76
1600 (C=C) (2H, COCHS), 2.41 q (2H, SE,CHs 3J =| 127.99, 127.90, 127.74 (6
7.4 Hz), 1.821.64 m (1H, CH, cyclopropyl), 1.18|t 122.57 &CH), 40.53 (G), 25.71
(3H, CHy, 3J = 7.4 Hz), 0.890.84 m (2H, CH,| (SCH,CHg), 19.98, 14.09 (CH,
cyclopropyl), 0.650.59 m (2H, CH, cyclopropyl) cyclopropyl, and CH), 7.28
(2CH,, cyclopropyl)
XIV 1700 (G=0),|3.31 s (2H, COCHS), 3.29 br.s (1H, OH), 2.87 s (2H207.43 (CO), 70.23 (f), 49.83,
3350-3580 COCH,C), 2.51 q (2H, SE,CHg, 33 = 7.4 Hz)| 42.37 (G, CY), 25.74 (£H,-
(OH) 1.26 t (3H, CH, 3J = 7.4 Hz), 0.920.85 m (2H| CHs), 19.54 (2CH, cyclopropyl),

CH, cyclopropyl), 0.500.25 m (8H, 4CH, cyclo-
propyl)

13.91 (CH), 0.22,-0.18 (4CH,
cyclopropyl)
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Compoung IR spectri,lm, IH NMR spectrum,3, ppm 13C NMR spectrum,8, ppm
no. v, cn
XV 1710 (G=0), [3.3 br.s (1H, OH), 2.872.72 m (4H, COCIjCH328), 211.62 (CO), 70.15 (8, 52.24,
3320-3580 2.69 s (2H, COCH), 2.55 q (2H, SE,CH,, °J =| 45.38 (G, C%, 26.09, 24.72 (€

(OH)

cyclopropyl)

7.4 Hz), 1.26 t (3H, CH, 3J = 7.4 Hz), 0.920.82 m
(2H, CH, cyclopropyl), 0.500.24 m (8H, 4CH,

SCH,CH,), 19.53 (2CH, cyclo-
propyl), 14.52 (CH), 0.26,-0.25
(4CH,, cyclopropyl)

@ The yield and analytical data are given for isomeric mixti#la /E-VIllb /Z-VIiIb .

b Mixture of isomers.

Thus, only the reaction of compldxwith 1-cyclo-

temperature. The mixture was slowly poured into

propyl-1-phenylethylene is accompanied by openin@00 ml of a saturated solution of KHGCGand was
of the three-membered ring. In all other cases, constirred for 1 h. The organic phase was separated, and

plexes | and Il

react with cyclopropyl-substituted the aqueous phase was extracted with diethyl ether

alkenes without opening or rearrangement of th€2x50 ml). The combined extracts were dried over
cyclopropane ring due to fast binding of primaryNa,SO, and evaporated under reduced pressure. The
cationic intermediates by sulfur atom of the ethylthioproducts were purified by column chromatography
group. Smooth acylation of labile system with com-using hexaneether (4:1) as eluent.

plexesl andll opens new prospects in the synthesis
of difficultly accessible cyclopropane derivatives.

EXPERIMENTAL 1

The 'H NMR spectra were recorded on a Varian 2-
VXR-400 spectrometer (400 MHz) in CDEIThe**C
NMR spectra were obtained on the same instrument
at 100 MHz. Hexamethyldisiloxané 0.06 ppm) and 3.
tetramethylsilane§ 0.00 ppm) were used as internal
reference. The IR spectra were measured on a UR-2@.
spectrophotometer from samples prepared as thin
films. The spectral and analytical data for compoundss,
VIl -XV are given in table.

2-(Ethylthio)acetyl fluoride and 3-(ethylthio)pro- 6.
pionyl fluoride were synthesized from the correspond-
ing acyl chlorides [18] by distillation over KHF
and Znk, respectively; EtSCFCOF: bp 5557°C 7.
(30 mm); EtSCHCH,COF: bp 6365°C (24 mm).

Acylation of cyclopropyl-substituted alkenes 8.
with complexes | and Il (general procedurg A so-
lution of 0.02 mol of 2-(ethylthio)acetyl fluoride or 9.
3-(ethylthio)propionyl fluoride in 50 ml of methylene
chloride was saturated with gaseous boron trifluoride
at -60°C under vigorous stirring. The mixture was 10.
stirred at that temperature for 10 min, and a solution
of 0.02 mol of alkene in 30 ml of methylene chloride
was added. The cooling bath was removed, and thet.
mixture was stirred until it warmed up to room
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