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Synthesis and spectral properties of cyclopropyl-substituted
phosphaalkenes
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Cyclopropanecarboxylic acid chlorides Sa—d react with tris(trimethylsilyl)phosphane 6 in
benzene at —2 °C to form cyclopropylcarbonyl-bis(trimethylsilyl)phosphanes 7. These pro-
ducts undergo silylic rearrangement at 25 °C to yield phosphaalkenes 8. Compounds 8a,b,d
are formed as mixtures of Z- and E-isomers where the latter predominate. In the case of 8c,

the Z-isomer is formed exclusively.
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According to the isolobal principle, alkenes and
phosphaalkenes (see the reviews in Ref. 2) are, formally,
analogs whose chemical properties are much alike. In
particular, the n-P=C bond can be involved in rear-
rangements typical of the C=C bond. For example,
cyclopropenylphosphaalkenes 1 can undergo a photo-
chemical transformation3 into 2H-phospholes 2, in anal-
ogy to the well known vinylcyclopropene—cyclo-

pentadiene rearrangement.?
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o .
P P
1 2

The present paper deals with the synthesis and study
of the spectral properties of cyclopropyl-substituted
phosphaalkenes. In particular, the latter are of interest
for a study of the possibility of their transformation into
phosphacyclopentenes in analogy to the vinylcyclo-
propane—cyclopentene rearrangement? (3a—d4a). It is
noteworthy that similar reactions involving double-
bonded nitrogen (3b—4b) were found rather long ago.5

First, we studied the possibility of synthesizing F,Z-
(R-trimethylsiloxymethylene)trimethylsilylphosphanes

il R
i X hv, A [\ X
3

4

X = CR’, (a), NR (b)

(Scheme 1) using the known reaction®’ of acyl halides
with tris(trimethylsilyl)phosphane 6. The synthesis of
methylenephosphane Me,SiP=C(0SiMe,)Bu' 6, which
is stable when stored, from pyvaloyl chloride can be
performed in two ways: either by keeping the reactants
in an aprotic medium for one day at ~20 °C, or by
boiling them for 6—7 h.3 It has been shown in experi-
ments with other carboxylic acid chlorides® that 1,3-silylic
isomerization of the originally formed acylphosphane
results in a phosphaalkene having the F-configuration of
the substituents at the P=C bond. This compound then
transforms into the Z-isomer, which is less sterically
hindered and thus is more stable thermodynamically.
However, the reaction of cyclopropanecarboxylic acid
chlorides 5a—d with compound 6 did not allow us to
synthesize phosphaalkenes 8 because of the easy oligo-
merization of the products formed. Nevertheless, we
found that an efficient variant of the method considered
is the treatment of compounds 5a—d with phosphane 6
at temperatures from —3 to 0 °C for 20—30 min fol-
lowed by heating the reaction mixtures obtained to
~20 °C. The yields of phosphaalkenes depend on both
the temperature conditions and the nature of the sol-
vent. We obtained the maximum yields of compounds 8
(75—95 %) when benzene was used as the solvent. If
benzene is replaced by 1,2-dimethyxoethane, chloro-
form, aliphatic hydrocarbons (pentane, hexane), or their
cyclic analogs, the yields of phosphaalkenes 8 decrease.
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The solutions of compounds 8a—d in benzene are
stable at 0°C for several days and can be used in further
transformations. However, attempts to isolate these com-
pounds in the individual state by evacuation and/or
high-vacuum distillation always resulted in colorless poly-
meric products which we did not study.

1-Cyclopropylcarbonyl-bis(trimethylsilyl)phosphanes
(7a—d), which are stable below —3°C, are the initial
products of this reaction (see Scheme 1). The presence
of these compounds in the products of the reaction
performed in the temperature range from —3 to 0°C
(vields 40—60%) can easily be detected by NMR (*H,
13C, 3P, and 2Si). Table 1 presents the compositions of
the reaction mixtures obtained under the above condi-
tions. It is interesting to note that a further decrease in
temperature to —5°C in the case of 1-methyl-2,2-
dichlorocyclopropanecarboxylic acid chloride makes it
possible to obtain a solution of compound 7d almost
without an admixture of phosphaalkene 8d (see Table 1,
¢f. d and dd**).

As expected, the resonance absorption of phosphorus
in acylphosphanes 7 (8 from —80.3 to —102.8, ie., a
weak-field shift in comparison to the signal of 6 is
observed)?® is in the same range of chemical shifts as that
of 1-oxo0-2,2-dimethylpropyl-¢ and 1-adamantylcarbo-
nyl-bis(trimethylsilyl)phosphanes!® (7, R = r-Bu or 1-Ad,
respectively). The 'H and 3C NMR spectra of acyl-
phosphanes 7 display characteristic doublets of silyl

Table 1. Compositions of the reaction mixtures (%) obtained
by the interaction of compounds 5 and 6 in benzene at —2°C
(the conditions are given in Experimental).

Compound 5 7 E-8 Z-8 6
a 0 55 30 7 3
b 0 58 19 13 10
c 33 13 15 3 36
d 24 41 7 1 27
d** 24 49 0 0 27

* Determined by 'H NMR at —2°C 20 min after mixing
compounds 5 and 6; mole ratio 5a—d:6 = 1.0:1.1.
** Measured at —5°C.

groups at the phosphorus atom: the coupling constants

Jyp and JC are in the ranges 4.4—4.5 Hz and 10.1—
11.1 Hz, respectlvely The 'H NMR spectra of the
cyclopropane moieties (see Experimental) are analogous
to the spectra of the original acid chlorides. The only
exception is observed for compound 7¢. In this case, the
signals of the H,,,,. protons are split additionalty with
coupling constants “JH‘P = 1.8 Hz, which implies that
the Hy,,, protons interact directly with the phosphorus
atom. Furthermore, the 3C NMR spectrum of this
compound contains similar 3JC p coupling constants for
the C atoms of the cyclopropane ring (Jep = 6.1 Hz)
and for the methyl group (*J. , = 8.1 Hz). The coupling
constant for compound 7d is 3J (P.CH;) = 9.1 Hz, and
there is no coupling constant between the phosphorus
and the C-2, C-3 atoms of the cyclopropane ring.

Of particular interest is the relation between the 'J,
and 2Jc,p coupling constants in the series of compounds
7. In the case of l-ox0-2,2,3,3-tetramethylbutyl-
bis(trimethylsilyl)phosphane!’ (7, R = CBu'Me,) stud-
ied by *C NMR, the coupling constants !J. , and ZJC,P
differ considerably and equal 64.4 and 25.7 Hz, respec-
tively. The difference between these coupling constants
is somewhat smaller for compounds Te (J., = 50.3 Hz,
WJep =393 Hz) and 7d (J., = 500 Hz 2JCp =
38.2 Hz). Compounds 7a and 7b, containing no sub-
stituents at position 1 of the cyc]opropane rings, even
display the opposite picture: the ‘JC_P coupling constant
(42.6 Hz for 7a, 43.4 Hz for 7b) is less than 2/ , (52.3
and 51.3 Hz for 7a and 7b, respectively).

The structures of compounds 8a—d were confirmed
by NMR spectra of their solutions in benzene. The
phosphaethylene moieties were unambiguously identi-
fied by resonance absorption in the 3'P NMR spectra at
8 81.1—131.1 and the signals of the olefinic carbon
atoms in the 3C NMR spectra (§ 212.2—222.0). The
latter are observed as doublets with J p=c) coupling
constants in the range 57.5—66.4 Hz. These values are
in good agreement with the data published for phospha-
alkenes of this type.6:7.10

To determine the configuration of the substituents at
the P=C bond in the series of compounds 8 we used the
magnetic nonequivalence of the OSiMe, groups due to
their different orientation relative to the unshared elec-
tron pair of the phosphorus atom. According to the data
reported previously,!? te 4J(p=c_o_51_c> and
*Jip=c_o_si—c—p) coupling constants are smaller for the
Z-isomers, in which the OSiMe, group is in the trans
position relative to the unshared electron pair of the
phosphorus atom (*J and 5/ are equal to 0), than for the
E-isomers, in which the OSiMe, group is located on the
same side as the unshared electron pair of phosphorus
(6.0—6.1 and 1.0—1.2 Hz*, respectively).

The predominant formation of compounds 8a and 8b
o E-isomers (F:Z = 4:1) and compound 8c as the

* 13C and 'H NMR data were not obtained for E-8¢ due to its
low concentration.
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Z-isomer (according to 3'P NMR data, the content of
the E-isomer is no more than 2—3 %) agrees with the
previously observed’ properties of phosphaalkenes of the
Me,SiP=C(R)OSiMe, type: in the case of primary and
secondary substituents, the E-isomers are predominantly
formed, while the Z-isomers are mainly formed with
tertiary substituents. The fact that the content of the
E-isomer in compound 8d exceeds that of the Z-isomer
(E: Z= 62 :38) is an exception to the above law.

Experimental

'H NMR spectra were recorded on Varian EM 390
(90 MHz) and Bruker AMX-400 (400 MHz2) spectrometers
using Me,Si as the internal standard. 13C NMR spectra were
recorded on a Bruker AM-400 spectrometer (100.64 MHz),
and 3!'P NMR spectra were obtained on Bruker WP-200
(80.82 MHz) and Bruker AM-400 (161.6 MHz) spectrometers
with 85 % H,PO, as the external standard. IR spectra were
obtained on a Perkin-Elmer 710B spectrophotemeter. El-
emental analyses were carried out on a Perkin-Elmer EA240
analyzer.

All experiments were carried out in a stream of argon
(>99.998 % purity). The solvents were dehydrated. Freshly
distilled reactants were used. Cyclopropanecarboxylic acid chlo-
rides 5a—d were obtained by treatment of the respective acids
with SOCIL, by the known procedure.l® 1-Methyleyclo-
propanecarboxylic acid (11) was synthesized from methacrylo-
nitrile and diazomethane via pyrazoline 9 (see below). The
latter was transformed into 1-methyl-1-~cyanocyclopropane 10,
hydrolysis of which gave acid 11 (overall yield > 65 % with
respect to the original methacrylonitrile). Commercial grade
2-methylcyclopropanecarboxylic acid (Fluka, no. 66557) con-
tained 92 % of the trans-isomer.

3-Cyano-3-methyl-4,5-dihydro-3 H-pyrazole (9). A solu-
tion of diazomethane prepared from N-nitroso- N-methylurea
{46.0 g, 0.45 mol), KOH (78 g), water (78 mL), and ether
(70 mL) was added over 2—3 h at ~20 °C with stirring to
methacrylonitrile (16.8 g, 0.25 mol) in ether (20 mL). The
excess ether was removed in a rotor evaporator, and the
residue was distilled in vacuo to give 23.5 g (86 %) of com-
pound 9, b.p. 35—36 °C (0.001 Torr). (Caution! The com-
pound decomposes explosively above 95 °C). Found (%):
C, 55.1; H, 6.5. C;HN,. Calculated (%): C, 55.03; H, 6.48.
Mol mass 109.13. IR v/cm_l 3000, 2975, 2950, 2260.

TH NMR (C sDg), 8 0.90 (ddd, 1 H,
X-part of an ABMX-system, 2/ = 2y

g = 5.0 Hz, 2JHH

Hal S = 2120 B =3
i "oN =2J, =7.8Hz);1.09 (s, 3 H, CH,); 1.35
H (ddd, 1 H, M-part of an ABMX-system,

g = Max = ~12.0 Hz, 30y =25 =

10 Hz, 3/, = 3/, = 7.5 Hz); 3.96 (qd, 1 H, A-part of an
ABMX-system, 3Jyy = 3/, = 7.8 Hz, 3y = 3,y = 7.5 Hz,
2JHH 2] = —17.5 Hz); 4.06 (qd, 1 H, B-part of a ABMX-
system, .IHH 3 sx = 3.0 Hz, JHH JBM 10.0 Hz, JHH

2Jga = —17.5 Hz). “C NMR (C,Dy), 5: 22.9 (q, CH;,, JCH
129 Hz); 29.5 (1, CH,, Wy = 129 Hz); 78.1 (1, CHZ, JCH
129 Hz); 82.9 (s, >C<); 119.8 (s, CN).

1-Cyano- 1-methylcyclopropane (10). A solution of com-
pound 9 (19.5 g, 0.179 mol) in CCl, (100 mL) was refluxed for
45—30 h. The solvent was distilled off, and the residue was
distilled to give 11.8 g (82 %) of compound 10, b.p. 126—

127 °C. Found (%): C, 74.1; H, 8.7. C.H,N. Calculated (%):
C, 74.03; H, 8.70. Mo} mass 81 12 IR v/cm‘* 29003010,
2245.

'H NMR (CDy), & 0.10 (m, 2 H,

H,C

9’ 2 CI'-\I‘ AA’-part of an AA’MM’-system, *Jy =
A A 3JAA' = 3",3'/\ 9. 0 Hz, JHH =Jam = am
i e =L HE iy =2 =20 = =41 Ho);

0.65 (m, 2 H, MM'~part of an AA'MM’-
system, *Jyy = e = yem = 10.5 Hz, g = s =
3JM,A = 7.1 Hz, 2JHH = 2.I'MA = ZJM,A‘ = —4.1 Hz); 0.80 (s, 3
H, CH,). BC{'H} NMR (C,Dy), 5: 4.46 (>C<); 14.6 (2 CH,);
20.7 (CH;); 124.0 (CN).

1-Methylcyclopropanecarboxylic acid (11). Nitrile 10
(8.1 g, 0.1 mol) was refluxed with 25 % NaOH (35 mL) until
ammonia evolution ceased (2~-3 h). The mixture was cooled,
neutralized with 20 % H,SO,, and diluted with a twofold
volume of water. The mixture was distilled (bath temperature
150155 °C) and the fraction with b.p. 95 °C (a mixture of
water and acid 11) was collected. The crystals that precipitated
on cooling were filtered off and dried. The vield of 11 was
9.8 g (99 %), m.p. 36 °C. Found (%): C, 59.9; H, 8.00.
C,H0,. Calculated (%): C, 60.05; H, 8.06. Mol. mass 100.12.
'H NMR (CCL), & 0.68 (m, 2 H,

HaC oo ?A'-part of an AA'MM' -system, Sy, =
H, Hy - Sanr = 2—88Hz . = =am
= 69 Hz, “Jyy = JAM = JA‘M’ =

Hy Hy —4.0 Hz); 1.26 (m, 2 H, MM -part of an
3 - -

AA'MM ’-system, JHH JMM' = 3JM,M =

9.8 Hz, 3y = 3y, = 4 = 69 Hz, =2 =

Uypas = —4.0 Hz); 1.30 (s, 3H, CH,); 12.06 (s, 1 H, COOH).

Synthesis of acid chlorides 5a—d (general procedure)

A cyclopropanecarboxylic acid (1.0 mol) and 30CL, (1.5
mol) were mixed. When the exothermic reaction and gas
evolution ceased, the mixture was boiled for 2—3 h. The excess
SOCI, was distilled off, and the acid chloride that formed was
distilled.

Cyclopropanecarboxylic acid chloride (5a). Yield up to
95 %, b.p. 122—123 °C.

'H NMR (C(Dy), & 043 (m, 2 H,

H

y X C}?Cl AA’-part of an AA'MM X-system, /g,
=3 =3 = 3 = 3 =

A A ; JAA'— JA’A 29.2 HE’ZJHH ZJAM,
HM> l<H Jong = 76 Hz, U, = JAM =2 =
M 45 Hz, Wy = 3y = ¥, = 7.9 Hz);
0.90 (m, 2 H, MM "-part of an AA’ MM X- system gy =
D —ZJM\,I—loon =3 n =3y = 7.6 Hz,
T = hia = s = ”45 HZ JHH ax = yex =
4.4 Hz); 1.54 (tt, 1 H, X-part of an AA’MM X-system,
Uan = Yyxa = ya = 19 Hz, Mgy =, = Uy, =

4.4 Hz). “C(IH} NMR (C¢Dy), &: 12. 1 (2 CH2) 23.8 (CH);
174.5 (COC)).

trans-2-Methylcyclopropanecarboxylic acid chloride (5b).
Yield up to 90 %, b.p. 75 °C (120 Torr).

"H NMR (CDy), &: 0.40 (ddd, A-part of
an ABCD-system, *Jyj,; = = 8.2 Hz,
2y = Mg = —4.5 Hz, JHH = 3JAC =
8.2 Hz); 0.63 (d, 3 H, CH,, JHH JDCH3
= 6.0 Hz); 1.16 (ddd, B-part of an ABCD-
o system, Mgy = Yy = 9.0 Hz, Wy, =



638 Russ. Chem.Bull., Vol. 43, No. 4, April, 1994

Kostitsyn et ai.

g, = —4.5 Hz, Wy = 3o = 4.5 Hz); 1.36 (dddd, 1 H, D-
art of an ABCD-system, /..., = 3/, = 6.0 Hz, 3Jyy =
e gz I T T P
DA s YHH DB » “HH DC ’
1.46 (ddd, 1 H, C-part of an ABCD-system, *Jyy = 3J, =
8.2 Hz, 3,y = 3Jep = 4.5 Hz, 3y, = 3, = 4.1 Ho).
BC{'H} NMR (C/Dy), & 17.0 (CH;); 20.6 (CH,); 21.9
(CHCH,); 31.9 (CHCOCI); 173.6 (COC).
1-Methylcyclopropanecarboxylic acid chloride (5¢). Yield
up to 95 %, b.p. 129—130 °C. The spin system is analogous to
that of compound 11. 'H NMR (C¢Dy), 8: 0.29 (m, 2 H, AA’-
part of an AA'MM "-system, 3Jyg; = 3J,,. = 3J,., = 8.9 Hz,
3JHH =Jm = daom = 73 Hz, 2JHH = 2JAM = 2JA.M, = —
4.8 Hz); 0.98 (s, 3 H, CH,); 1.21 (m, 2 H, MM’-part of an
AA'MM'- system, Jypy = e = ym = 99 Hz, 3y =
3JMA, = 3JM,A = 7.3 Hz, 2JHH = 2JMA = ZJM.A, = -4.8 Hz).
BC{!H} NMR (CDy), & 19.5 (2 CH,); 20.1 (CH;); 28.7
(>C<); 177.8 (COCQ).
2,2-Dichlore-1-methylcyclopropanecarboxylic acid chloride
(5d). Yield up to 95 %, b.p. 22 °C (107* Torr). IR, v/em™"
3090, 2980, 1775, 775, 625. Found (%): C, 32.20; H, 2.70.
C,H;Cl,0,. Calculated (%): C, 32.03; H, 2.69. Mol. mass
187.45.
'H NMR (C(Dy), 8: 1.00 (d, 1 H, A-part
HiG oo Of an AM-system, Wy = 2y = 8.1 Ha);
H, cl 1.29 (s, 3 H, CHy); 1.95 (d, 1 H, M-part of
>K< an AM-system, 2y = *Jy, = —8.1 Hz).
Hyg Cl BC{IH} NMR (CDy), 5: 19.2 (CH,); 32.4
(CH,); 44.1 (>C<); 62.5 (s, CCly; 171.2
(s, COCI).

Synthesis of acyl-bis(trimethylsilyl)phosphanes 7
(general procedure)

A solution of acyl halide 5 (0.09 mol) in C;H, (45 mL) was
added under argon at —2 °C with stirring to tris(trimethyl-
silyl)phosphane 6 (0.1 mol). The solution was kept for 20
30 min to give a mixture containing compound 7 as the major
component. The composition of the mixture was determined
by 'H NMR (see Table 1).

1-Cyclopropylcarbonyl-bis(trimethylsilyl) phosphane (7a).
The spin system of the protons of the cyclopropane ring is
similar to the spin system of the protons in compound 5a.
'H NMR (C,Dg, —2°C), & 0.35 (d, 18 H, P—Si(CH,);,
3oy = 44 Hz); 0.48 (m, 2 H, AA’-part of an AA’'MM'X-
system, 3y =*,p = yoa =91 Hz, 3y =3 =3Jum
= 7.5 Hz, 2JHH = 2JAM = 2JA.M, = —4.4 Hz, 3JHH = 3JAX =
3yx = 7.8 Hz); 1.09 (m, 2 H, MM’ -part of an AA’MM "X-
system, gy = Vum = 3w = 990 Hz, gy = Juar =

-"’JM,A = 7.5 Hz, 2JHH = ZJMA = 2JM,A. = —4.4 Hz, 3JHH =
g = 3hyx = 44 Hz); 211 (1t, 1 H, X-part of an
AA'MM ‘X-system, 3y = 3Ty, = 3y, = 7.8 Hz, Wy =
3JXM = 3JXM. = 4.4 Hz). BC{!H} NMR (C,D;, —2°C),
§: 1.89 (d, P—Si—CHj,, 2JPC = 10.3 Hz); 11.6 (s, 2 CH,);
28.1 (d, CH, 2Jp. = 53.2 Hz); 221.3 (d, C=0, Jp = 42.6 Hz).
3P NMR (CD¢, —2 °C), 8: —80.3.
trans-(2-Methyl-1-cyclopropylcarbonyl)-bis(trimethylsilyl)-
phosphane (7b). The spin system of the protons of the cyclo-
.propane ring is similar to the spin system of the protons in

compound 5b. 'H NMR (C(Dy, —2 °C), &: 0.33 (d, 18 H,
P—Si(CH,),, 3JPH = 4.5 Hz); 0.45 (ddd, 1 H, A-part of an
ABCD-system, *Jy, = 3, = 6.2, Hz, 2/, = 2/,
3.5 Hz, 3y = 3, = 7.9 Hz); 0.84 (d, 3 H, CH,, *J,y; =
3JDCH3 = 6.0 Hz); 1.32 (ddd, 1 H, B-part of an ABCD-
system, 3Jyy = *pp = 8.5 Hz, Wy = g, = —3.5 Hz, 3y
= 3o = 4.3 Hz); 1.44 (dddd, D-part of an ABCD-system,
3an = pen, = 6.0 Hz, 3y =3y, = 6.2 Hz, 30, = 3,
= 8.5 Hz, 3y = 3Jpc = 3.9 Hz); 1.97 (ddd, 1 H, C-part of
an ABCD-system, 3Jyy = 3o, = 7.9 Hz, 3y, = 3 =
4.3 Hz, 3y = 3Jop = 3.9 Hz). BC{'H} NMR (C/Dq, -
2°C), 8: 1.9 (d, P—Si~CH,, 2/, = 11.1 Hz); 18.0 (s, CH,);
19.8 (s, CH,); 20.5 (s, CHCH,); 37.1 (d, CH, 2./PC =51.3 Hz);
220.1 (d, C=0, W, = 43.3 Hz). 3Ip NMR (C4Dg, —2 °0),
5. —80.6.
(1-Methyl-1-cyclopropylcarbonyl) -bis (trimethylsilyl) -
phosphane (7¢). The spin system of the protons of the cyclo-
propane ring is similar to the spin systems of the protons in
compounds 11 and 5¢. 'H NMR (CsDg, =2 °C), 8: 0.28 (d,
18 H, P—Si(CH,),, 3JPH = 4.4 Hz); 047 (m, 2 H, AA -part
of an AA’MM "-system, 2/ =3/, . =3J,., = 9.2 Hz, 3y,
=Jor = T = 6.6 Hz, gy =2, =2/, = —5.0 Hz);
1.27 (s, 3 H, CH;); 1.32 (m, 2 H, MM’ -part of an AA"MM "~

3 =3 =3 - _ _
iystem, Jgy = 'gMM' = 2JM,M —2 10.3 Hz, 3Jyy = 3;1MA. =
Jyoa =75 Hz, JHH = JMA = Jya = 5.0 Hz, Ivp =

“y-p = 1.8 Hz). BC{’H} NMR (C;Dy, —2 °C), & 2.0 (d,
P—Si—CH,, 3pe = 11.1 Hz); 17.2(d, 2 CH,, 3Jp = 6.1 Hz);
20.7 (d, CH,, 3Jpe = 8.1 Hz); 33.4 (d, OC-C-CH;, 2y =
39.2 Hz); 223.5 (d, C=0, 'Y = 50.3 Hz). 3P NMR (CDy,
—2°C), &: —102.8.

(2,2-Dichloro-1-methyl-1-cyclopropylcarbonyl)-bis(tri
methylsilyl)phosphane (7d). '"H NMR (C,Dy, —2 °C), &: 0.29
(d, 18 H, P—Si(CH;),, 3JPH = 4.5 Hz); 0.86 (d, | H, A-part
of an AM-system, 2/ = %, = —7.1 Hz); 1.50 (s, 3 H,
CH,); 2.36 (d, 1 H, M-part of an AM-system, 2/, = 2y, =
-7.1 Hz). BC{!H} NMR (C,Dg, ~2 °C), & 2.1 (d,
P—Si—CH,, 2Jpc = 10.1 Hz); 20.8 (d, CH,, 3./PC = 9.1 Hz);
30.7 (s, CH,); 44.7 (d, >C<, 2Joc = 38.2 Hz); 63.6 (s, CClLy);
218.7 (d, C=0, Wpe = 50.0 Hz). 3'P NMR (CDy, —2 °C),
8 —82.6.

Synthesis of phosphaalkenes 8a—d (general procedure)

A solution of acyl halide 5 (0.09 mol) in C(H, (50 mL) was
added under argon at —2 °C with stirring to tris(trimethyl-
sily)phosphane 6 (0.1 mol). The mixture was kept for 10—
15 min and then heated to ~20 °C to give a light-yellow
solution of a phosphaaikene (8a,b) or a colorless solution
(8¢,d). The vields were 75—95 %.

E,Z-(Cyclopropyltrimethylsiloxymethyiene) trimethylsilyl-
phosphane (8a). Yield 16.4 g (74 %), E: Z= 81 : 19. The spin
systems of the protons of the cyclopropane ring are similar to
the spin system of the protons in compound 7a.

E-8a: 'H NMR (CiDg, —2°C), & 034 (d, 9 H,
0—Si(CH,)3, *Jpy = 1.2 Hz); 0.41 (d, 9 H, P=Si(CHj);,
3py = 4.0 Hz); 0.60 (m, 2 H, AA"-part of an AA'MM'X-
system, My =3y, =3, = 9.2 Hz, Wy = 3y =3
=76 Hz, WJyy =4,y = ZJA,M, =—4.5 Hz, 3Jyy = Sy =
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3,y x = 7.6 Hz); 1.11 (m, 2 H, MM’ -part of an AA’MM’'X-
system, 3y = 3JMM =3ym =99 Hz, Wy =y =
Mygon = 7.6 Hz, My = 2y, = Uy, = =45 Hz, 3y, =
Myx = Jux = 4.6 Hz); 234 (ttd, 1 H, X- part of an
AA'MM X-system, 3y = 3y, = 3y, = 7.6 Hz, 3y =

=3y = 46 Hz, Wy, = 2.5"Hz). BC{IH} NMR
°C), 8: 0.2 (d, O—Si—CH;, 4/, = 6.1 Hz); 1.8 (d,
= 10.5 Hz); 10.2 (s, 2 CH,); 26.4 (d, CH,
= 59.0 Hz). *'P NMR

I

3JXM
(C¢Dy, —2
P—Si—CH,, 2/,c
2JPC = 14.5 Hz); 222.0 (d, P=C, IJPC
(CcDg, —2 °C), 3: 100.2.

Z-8a: 'H NMR (C¢Dg, —2°C), & 020 (s, 9 H
O—Si(CH,)3); 0.24 (d, 9 H, P—Si(CH,),, 3JPH
0.63 (m, 2 H, AA’-part of an AA’MM X-system, 3/, =
Spr =3Ja = 8.6 Hz, = 3J = 3JA,M = 7.6 Hg,
Wy = Yam = Yo = -40 Hz, 3y = Vo = 30y =
7.7 Hz); 1.17 (m, 2 H, MM -part of an AA’ MM’X~system,
an = 3w = Yyom = 920 Hz, 30y, = J Sy
7.6 Hz, 2JHH = 2JMA = ZJM,A —4.0 Hz, “Jyy = JMx
Shyx = 44 Hz); 2.64 (ttdd, 1 H, X-part of an AA'MM'X-
system, 3y =30y, =3 . =77 Hz, Wy, = gy = ym
= 4.4 Hz, 3JPHX = 1.1 Hz). 3C{!H} NMR (C¢Dyg, —2°0),
8: 1.0 (d, P—8i—CH,, 2JPC = 8.3 Hz); 1.3 (s, O—S8i—CH,);
11.7 (s, 2 CH,); 24.4 (d, CH, 2JpC = 30.7 Hz); 220.3 (d, P=C,
pe = 65.4 Hz). 3'P NMR (CD, —2 °C), &: 84.1.

E,Z-(trans-2-Methylcyclopropyltrimethylsiloxymethylene)-
trimethylsilylphosphane (8b). Yield 185 g (79 %), E. Z =
82 : 18, The spin systems of the protons of the cyclopropane
ring are similar to the spin system of the protons in
compound 7h.

E-8b: '"H NMR (C(D,, —-2°C), & 0.31 (d, 9 H,
0—Si—~(CHj,);, 3/, py = 1.0 Hz); 0.38 (d, 9 H, P—Si—CH,,
J],H = 4.0 Hz); 0.46 (ddd, 1 H, A-part of an ABCD- system
Wy = 3p = 6.1 Hz, 2y = W, = =35 Hz, 3, =
3JAC = 8.0 Hz); 0.97 (d, 3 H, CH,, 3JHH = 3JDCH3 = 6.0 Hz),
1.30 (ddd, 1 H, B-part of an ABCD-system, 3/ = *Jpp =
9.2 Hz, 2y = Wpp = —3.5 Hz, 3y = 3JBC = 4.5 Hz); 1.40
(dddd, 1 H, D- part of an ABCD-system, >/, = 3JDCH3

6.0 Hz, 3 = =6.1 Hz, *Jyyy = 3Jpp = 9.2 Hz, 3/, =
e = 4.1 Hz); 2 09 (ddd, 1 H, C-part of an ABCD-system,
= CA-son g = Ve =45 Hz, 3y =3 p =
4.1 Hz, 3Jpy = 3Jpe = 2.7 Hz). BC{'H} NMR (C Dé, ~2°C),

8: 0.26 (d, O—Si—CH,, “Jp, = 6.0 Hz); 1.96 (d, P—Si—CH,
2pe = 10.7 Hz); 182 (s, CH;); 18.4 (s, CHy); 18.5 (s,
CHCHj;); 35.6 (d, CHC=P, 2J,. = 13.1 Hz); 221.7 (d, P=C,
Wpc = 57.8 Hz). 3P NMR (C6D6, —2°C), 8:97.2.

Z-8b: 'H NMR (C.D;, —2°C), &: 022 (s,
0—Si~(CH;),); 0.38 (d, 9 H, P—Si—CH,, PH = 50 Hz)
0.46 (ddd, 1 H, A-part of an ABCD- system JHH .I
6.1 Hz, 2y, = 2JAB = —3 1 Hz, JHH =3J,c=8.1Hz); 095
(d, 3 H, CH,, 3y = ¥peq 60 Hz), 1.40 (ddd 1 H,
B-part of an ABCD-system o = 8.6 Hz, 2y =
gy = =3.1 Hz, 30y, = 3. Zaa Hz), 1.52 (dddd, 1 H,
D-part of an ABCD—system, 3JHH =3pcp. = 6.0 Hz, 3y =
3pa = 6.1 Hz, 3y =3Jp 0 = 8.6 Hz, 3/ =3/, = 4.0 Hz);
2.15 (ddd, 1 H, C-part of an ABCD-system, 3/, = JCA
8.1 Hz, 3Jyy = 3Jep = 4.5 Hz, gy = ¥p = 4.1 Hz, 3/, =
3pe = 3.9 Hz). BC{'H} NMR (C.D,, —2°C), & L1 (d,
P—Si—CH;, 2Jpe = 8.6 Hz); 1.30 (s, O—Si—CH,); 18.0 (s,

CH;); 18.2 (s, CH,); 18.3 (s, CHCH,); 33.1 (d, CHC=P,
2JPC = 27.2 Hz); 220.2 (d, P=C, 1JPC = 64.0 Hz). 3'P NMR
(CcDg, —2°C), &: 81.1.

E,Z-(1-Methylcyclopropyltrimethylsiloxymethylene)tri-
methylsilylphosphane (8c). Yield 19.7 g (84 %), E: Z=98 : 2.
The spin system of the protons of the cyclopropane ring in
compound Z-8¢ is similar to the spin system of the protons in
compound 7c.

E-8¢: 3'P NMR (C D> —2 °C) & 114.0.

Z-8¢: 'H NMR (C4Dy, —2°C), 8 025 (s, 9 H
0—Si—(CH,),); 0.27 (d, 9 H P—S8i—CH,, 3JPH = 4.3 Hz);
0.48 (m, 2 H, AA’-part of an AA"MM "-system, 3y = 3J,,.
= 32JA, » = 8.8 Hz, 3JHH4= R - Jom = 5.9 Hz, Z{HH =
=Jym = 743 Hz, "y = 4, = 1.8 Hz); 1.05 (m, 2 H,

MM '-part of an AA’MM-system, 3y = 3y 0 = 3, 0 =

10.0 Hz, 3Jyy, = JMA = ypa = 59 Hz, 2y =2y, =
Uypar = —43 Hz, 4,0 = Wy = 4py. = 2.2 Hz); 1.20 (s,
3 H, CH,). ‘3C{1H} NMR (CcDg, —2°C), & 0.95 (d,
p— Sl-—CH3, bc = 8.1 Hz); 156 (s, 0—Si—CH,); 16.7 (d,
2 CH,, 3y = 161 Hz); 24.5 (d, CH,, 3JPC—41 Hz); 28.6
(d, OCCCH 2Jpe = 31.2 Hz); 2209 (d, P=C, '/, =

66.4 Hz). 3P NMR (C4Dg, —2 °C), 5: 116.1.

E,Z-[(2,2-Dichloro-1-methylcyclopropyl) trimethylsiloxy-
methylene]trimethylsilylphosphane (8d). Yield 27.8 g (94 %),
E: Z=62:38. The spin system of the protons of the cyclo-
propane ring is similar to the spin system of the protons in
compound 7d.

E-84: 'H NMR (CsDg, —2°C), 8: 0.26 (4, 9 H,
P—Si—CH,, 3,y = 4.7 Hz); 0.37 (d, 9 H, O—Si— (CH3)3,
SJpy = 1.0 Hz); 1.23 (d, 1 H, A-part of an AM-system, -
== Jya = —7.1 Hz); 1.51 (s, 3 H, CH3)192(d1H
M- part of an AM«system, Wan = Yya Jam = —7.1 Hz).
BC{IH} NMR (C4Dy, =2 °C), 5 0.24 (d O0—S8i—CH,, 4JPC =
6.1 Hz); 2.39 (d, P—Si—CH,, = 12.2 Hz); 23.2 (d CH 3
3pe = 4.6 Hz); 35.4 (s CH) 443 (d, OCCCH,, =
13.7 Hz); 63.7 (d, CCl,, *Jp = 3.0 Hz); 216.2 (d, P C .IPC
= 59.4 Hz). *'P NMR (C D s —2°C), §: 123.2.

Z-84¢: 'H NMR (C6D6, =2°C), & 0.29 (d, 9 H,
P—8i--CH,, 3JPH =4.7 Hz); 0.34 (s, 9 H, O—Si(CH,),); 1.26
(d, 1 H, A-part of an AM-system, 2y, = 2/, = ga = =
7.4 Hz), 1.45 (s, 3 H, CH3) 2.25 (d, 1 H, M-part of an AM-
system, My, = A, = 4, = —74 Hz, Vo = oy =
4.2 Hz, 4JPH J = 1.5 Hz). ¥C{H} NMR (C¢Dyg, —2 °0),
8:0.76 (d, P—Si—CH 3 Wpe = 9.2 Hz); 1.74 (s, O——Si——CH3);
22.4 (d, CHy, 3pe = 4 6 Hz); 36.0 (d, CH,, =27. 2 Hz);
42.0 (d, OCCCH,, 2JPC = 33.2 Hz); 65. 7 (d CCIZ, e =
18.1 Hz); 212.2 (d, P=C, 'Jp = 63.4 Hz). 3'P NMR (C(Dy,
—2 °C), &: 131.1.
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