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Cyclopropanecarboxylic acid chlorides 5a--d react with tris(trimethylsilyl)phosphane 6 in 
benzene at - 2  ~ to form cyclopropylcarbonyl-bis(trimethylsilyl)phosphanes 7. These pro- 
ducts undergo silylic rearrangement at 25 ~ to yield phosphaalkenes 8. Compounds 8a,b,d 
are formed as mixtures of Z- and E-isomers where the latter predominate, tn the case of 8e, 
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  propert ies are much alike. In 
part icular,  the n - P = C  bond can be involved in rear- 
rangements  typical  of  the C = C  bond. For example,  
cyc lopropenylphosphaa lkenes  1 can undergo a photo-  
chemical  t ransformat ion 3 into 2H-phospholes  2, in anal-  
ogy to the  well  known v i n y l c y c l o p r o p e n e - - c y c l o -  
pentadiene rearrangement .  4 

R R 

I 2 

The present paper  deals with the synthesis and study 
of  the spectral  proper t ies  of  cyc lopropyl -subs t i tu ted  
phosphaalkenes.  In part icular,  the latter are of interest 
for a study of  the possibili ty of  their  t ransformation into 
phosphacyc lopen tenes  in analogy to the vinylcyclo-  
p ropane - - cyc lopen t ene  rearrangement  4 (3a-->4a). It is 
no tewor thy  that  s imilar  react ions involving double-  
bonded ni trogen (3b--->4b) were found rather long ago. s 

First,  we studied the possibili ty of  synthesizing E,Z- 
( R - t r i m e t h y l s i l o x y m e t h y l e n e ) t r i m e t h y l s i l y l p h o s p h a n e s  

R R ~ X hv, A �9 ~ X  

3 4 

X = CR '2 (a), NR (b) 

(Scheme 1) using the known react ion 6,v of  acyl halides 
with t r is( t r imethyls i lyl )phosphane 6. The synthesis of  
methylenephosphane  M % S i P = C ( O S i M % ) B u  t 6, which 
is stable when stored, from pyvaloyl chlor ide  can be 
performed in two ways: ei ther  by keeping the reactants  
in an aprotic medium for one day at ~20 ~ or by 
boiling them for 6--7  h. 8 It has been shown in experi-  
ments with other carboxylic acid chlorides 9 that 1,3-silylic 
isomerizat ion of  the originally formed acylphosphane  
results in a phosphaalkene having the E-conf igurat ion 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 thermodynamica l ly .  

However, the reaction of  cyclopropanecarboxyl ic  acid 
chlorides 5 a - - d  with compound  6 did not allow us to 
synthesize phosphaalkenes  8 because of  the  easy oligo- 
merizat ion of the products  formed. Nevertheless ,  we 
found that an efficient variant of  the method  considered 
is the t rea tment  of  compounds  5 a - - d  with phosphane  6 
at temperatures  from - 3  to 0 ~ for 20--30 rain fol- 
lowed by heating the react ion mixtures obta ined to 
~20 ~ The yields of  phosphaalkenes  depend  on both 
the tempera ture  condit ions and the nature  of  the  sol- 
vent. We obtained the max imum yields of  compounds  8 
(75--95 %) when benzene was used as the  solvent. If  
benzene is replaced by 1 ,2-dimethyxoethane ,  chloro-  
form, al iphat ic  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~ 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~  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~ 
(yields 40--60%) can easily be detected by NMR (1H, 
13C, 31p, and 29Si). 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 ~  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, 
cf d and dd**). 

As expected, the resonance absorption of phosphorus 
in acylphosphanes 7 (8 from -80.3 to -102.8, i.e., a 
weak-field shift in comparison to the signal of 6 is 
observed) 8 is in the same range of chemical shifts as that 
of 1-oxo-2,2-dimethylpropy1-6 and 1-adamantylcarbo- 
nyl-bis(trimethylsilyl)phosphanes l~ (7, R = t-Bu or 1-Ad, 
respectively). The 1H and 13C N M R  spectra of acyl- 
phosphanes 7 display characteristic doublets of sityl 

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

Compound 5 7 E-8 Z-8 6 

a 0 55 30 7 8 
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 1H N M R  at - 2 ~  20 rnin after mixing 
compounds 5 and 6; mole ratio 5a--d:6 = 1.0:1.1. 
** Measured at - 5 ~  

groups at the phosphorus atom: the coupling constants 
3j and 2j~ are in the ranges 4.4--4.5 Hz and 10.1-- H,P C,P 
11.1 Hz, respectively. The 1H N M R  spectra of  the 
cyclopropane moieties (see Experimental) are analogous 
to the spectra of  the original acid chlorides. The only 
exception is observed for compound 7e. In this case, the 
signals of the HMM. protons are split additionally with 
coupling constants 4JH, P = 1.8 Hz, which implies that 
the HMM, protons interact directly with the phosphorus 
atom. Furthermore, the 13C NMR spectrum of this 
compound contains similar 3Jc, P coupling constants for 
the C atoms of the cyclopropane ring (3Jc, p = 6.1 Hz) 
and for the methyl group (3Jc. p = 8.1 Hz). The coupling 
constant for compound 7d is 3j (P,CH3) = 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 IJc, P 
and 2Jc, P coupling constants in the series of compounds 
7. In the case of  l -oxo-2 ,2 ,3 ,3- te t ramethylbutyl -  
bis(trimethylsilyl)phosphane u (7, R --- CButM%) stud- 
ied by 13C NMR, the coupling constants 1Jc, P and 2Jc, P 
differ considerably and equal 64.4 and 25.7 Hz, respec- 
tively. The difference between these coupling constants 
is somewhat smaller for compounds 7e (tJc. P = 50.3 Hz, 
2 4 .  p = 39.3 Hz) and 7d (1Jc. p = 50.0 Hz, 2 J c ,  P = 

38.2 Hz). Compounds 7a and 7b, containing no sub- 
stituents at position 1 of the cyclopropane rings, even 
display the opposite picture: the IJc. P coupling constant 
(42.6 Hz for 7a, 43.4 Hz for 7b) is less t h a n  2Jc.  e (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 31p NMR spectra at 
8 81.1--131.1 and the signals of the olefinic carbon 
atoms in the 13C NMR spectra (8 212.2--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. 6,7A~ 

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 3 groups due to 
their different orientation relative to the unshared elec- 
tron pair of  the phosphorus atom. According to the data 
reported previously, TM d e  4J(p=c_o_si_c) and 
sj~ coupling constants are smaller for the (P=C--O--Si--C--H) 
Z-isomers, in which the OSiM% group is in the trans 
position relative to the unshared electron pair of the 
phosphorus atom (4Jand SJare equal to 0), than for the 
E-isomers, in which the OSiMe 3 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 
a~ E-isomers (E:Z = 4:1) and compound 8e as the 

* t3C and 1H NMR data were not obtained for E-8c due to its 
low concentration. 
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Z- i somer  (according to 31p N M R  data, the content  of  
the E- i somer  is no more  than  2--3  %) agrees with the  
previously observed 7 proper t ies  of  phosphaalkenes  of  the 
M e 3 S i P = C ( R ) O S i M e  3 type: in the case of  p r imary  and 
secondary substi tuents,  the  E- isomers  are p redominan t ly  
formed,  w h i l e  the  Z- isomers  are mainly  formed with 
ter t iary substituents.  The fact that  the  content  of  the 
E- i somer  in c o m p o u n d  8d exceeds that  of  the Z- i somer  
(E : Z = 62 : 38) is an except ion to the  above law. 

Experimental 

IH NMR spectra were recorded on Varian EM 390 
(90 MHz) and Bruker AMX-400 (400 MHz) spectrometers 
using Me4Si as the internal standard. 13C NMR spectra were 
recorded on a Bruker AM-400 spectrometer (100.64 MHz), 
and 31p NMR spectra were obtained on Bruker WP-200 
(80.82 MHz) and Bruker AM-400 (161.6 MHz) spectrometers 
with 85 % H3PO 4 as the external standard. IR spectra were 
obtained on a Perkin-Elmer 710B spectrophotometer. 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 SOC12 by the known procedure. 13 1-Methylcyclo- 
propanecarboxylic acid (11) was synthesized from methacrylo- 
nitrile and diazomethane via pyrazoline 9 (see below). The 
latter was transformed into 1-methyl-l-cyanocyclopropane 10, 
hydrolysis of which gave acid l I  (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-3H-pyrazole (9). A solu- 
tion of diazomethane prepared from N-nitroso-N-methylurea 
(46.0 g, 0.45 moO, KOH (78 g), water (78 mL), and ether 
(70 mL) was added over 2--3 h at ~20 ~ with stirring to 
methacrylonitfile (16.8 g, 0.25 tool) 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 ~ (0.001 Tort). (Caution! The com- 
pound decomposes explosively above 95 ~ Found (%): 
C, 55.1; H, 6.5. CsH7Ny Calculated (%): C, 55.03; H, 6.48. 
Mol. mass 109.13. IR, v /cm' t :  3000, 2975, 2950, 2260. 

~H NMR (C6D6) , ~3:0.90 (ddd, 1 H, 
Hx N/N.~? X-part of an ABMX-system, 2,/tti_1 ~ 2JXM 

�9 "CHa = - 1 2 . 0  Hz, 3JHH = 3JXR ~ 5.0 Hz, 2JHH /N2 " 
"CN HM u/ = 2JXA = 7.8 Hz); 1.09 (s, 3 H, CH3); 1.35 

H B (ddd, 1 H, M-part of an ABMX-system, 

2JnH = 2a '~x = - 1 2 . 0  Hz ,  U H n  = ~a'MB = 
10 Hz, 3J14r~ = 3JMA = 7.5 Hz); 3.96 (qd, 1 H, A-part of an 
ABMX-system, 3JHH = 3JAx= 7.8 Hz, 3JHH = 3JAM = 7.5 Hz, 
2JnH = 2JAB = --17.5 Hz); 4.06 (qd, 1 H, B-part o f a  ABMX- 
system, 3JHH = 3JBx ~ 5.0 Hz ,  3JHH = 3JBM = 10.0 Hz, 2JHH= 
2JBA = --17.5 Hz). 13C NMR (C6D6), 8:22.9 (q, CH3,, 1JcH = 
129 Hz); 29.5 (t, CH2, IJcu ~ 129 Hz); 78.1 (t, CH 2, IJCH= 
129 Hz); 82.9 (s, >C<); 119.8 (s, CN). 

l-Cyano-l-methylcyclopropane (10). A solution of com- 
pound 9 (19.5 g, 0.179 moo in CC14 (100 mL) was refluxed for 
45--50 h. The solvent was distilled off, and the residue was 
distilled to give 11.8 g (82 %) of compound 10, b.p. 126-- 

127 ~ Found (%): C, 74.1; H, 8.7. CsH7N. Calculated (%): 
C, 74.03; H, 8.70. Mol. mass 81.12. IP,, v/cm-l:  2900--3010, 
2245. 

1H NMR (C6D6) , ~: 0.10 (m, 2 H, 
H3C~/cN AA'-part  of an AA'MM'-system,  3JHH = 

= 7.1 Hz, 2JnH = 2JaM = 2JA, M. = --4.1 Hz); 
0.65 (m, 2 H, MM'-par t  of an A A ' M M ' -  

system, 3JHH = 3JMM. = 3JM. M = 10.5 Hz, 3JHr t = 3JMA, = 
3JM, A = 7.1 Hz, 2Ji4 u = 2J, vt A ~ 2J~,a'A' = --4.1 Hz); 0.80 (s, 3 
H, CH3). 13C{1H} NMR (C6D6) , 8:4.46 (>C<); 14.6 (2 CH2); 
20.7 (CH3); 124.0 (CN). 

l-Methylcyclopropanecarboxylic acid (11). Nitrile 10 
(8.1 g, 0.1 moo was refluxed with 25 % NaOH (35 mL) until 
ammonia evolution ceased (2--3 h). The mixture was cooled, 
neutralized with 20 % H2SO4, and diluted with a twofold 
volume of water. The mixture was distilled (bath temperature 
150--155 ~ and the fraction with b.p. 95 ~ (a mixture of 
water and acid 11) was collected. The crystals that precipitated 
on cooling were filtered off and dried. The yield of 11 was 
9.8 g (99 %), m.p. 36 ~ Found (%): C, 59.9; H, 8.00. 
C~HsO 2. Calculated (%): C, 60.05; H, 8.06- Mol. mass 100.12. 

IH NMR (CC14) , 8 :0 .68  (m, 2 H, 
H a C , , c o o  H AA'-part  of an AA'MM'-system,  3JHI q = 

= 6.9 H z ,  2JHH = 2JAM = 2JA. M, = 
-4 .0  Hz); 1.26 (m, 2 H, MM'-par t  of an 
AA'MM'-system, SJHr t = 3JMM. = SJM, M = 

9.8 Hz, 3JHH = 3JMA. = 3JM. A = 6.9 Hz, 2JH~ = 2JMA = 
2JM, A, = --4.0 Hz); 1.30 (s, 3H, CH3); 12.06 (% 1 H, COOH). 

Synthesis" of acid chlorides Sa--d (general procedure) 

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

Cyclopropanecarboxylic acid chloride (5a). Yield up to 
95 %, b.p. 122--123 ~ 

1H NMR (C6D6) , ~3:0.43 (m, 2 H, 
H Hxx/coc1  AA'-par t  of an AA'MM'X-sys tem,  3,fnH 

" ' A ' h ~ ' H A "  =3JAA' =JJA'A = 9.2 Hz, 3a'HH = adAM, = 
i_tt ~ /  \HM ' 3JA. M = 7.6 Hz, 2JHH = 2JAM = 2JA, M , = 

-4 .5  Hz, 3JHH = 3Jax = SJA. x = 7.9 Hz); 
0.90 (m, 2 H, MM'-par t  of an AA'MM'X-system, 3Ynn = 
3JMM. = 3/M.M = 10.0 Hz, 3,,rHH = 3JMA, = 3JM, A = 7.6 Hz, 
2 , ,  = 2JM A = 2 : u . A  ' = - -4 .5  H z ,  3a-H. = 3JMX = 3JM, x = 
4.4 Hz); 1.54 (tt, 1 H, X-part of an AA'MM'X-system, 
3JHH = 3JXA = 3JxA, = 7.9 Hz, 3JHH =3JxM = 3JxM. = 
4.4 Hz). 13C{1H} NMR (C6D6) , 5:12.1 (2 CH2); 23.8 (CH); 
174.5 (COCl). 

trans-2-Methylcyclopropanecarboxylie acid chloride (5b). 
Yield up to 90 %, b.p. 75 ~ (120 Tort). 

1H NMR (C6D6) , ~5:0.40 (ddd, A-part of 
an ABCD-system, 3Jla n = 3Jab = 8.2 Hz, 

HC C(3Cl 2OrHH = 2JAB = --4.5 HZ, 3arHH = 3JAC = 

HA ,, A/ t~Hz ~" '-" 8.2 Hz); 0.63 (d, 3 H, CH 3, 3JHH = 3JDCH 3 
= 6.0 Hz); 1.16 (ddd, B-part of an ABCD- 

Hd Ho system,  3JHH = 3JBD = 9.0 Hz, 2JHH = 
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2JBA = --4.5 Hz, 3JHH = 3JBc = 4.5 Hz); 1.36 (dddd, 1 H, D- 
part of an ABCD-system, 3JHH = 3JDcH, = 6.0 Hz, 3JHH = 
3JDA = 8.2 Hz, 3JHH = 3JDB =9 .0  Hz, 3Ji~ H = 3JoC  = 4.1 Hz); 
1.46 (ddd, 1 H, C-part  of an ABCD-system, 3JHH = 3JcA = 
8.2 Hz, 3arHi. I = 3JCB = 4.5 Hz, 3JHH = 3JCD = 4.1 HZ). 
13C{IH} N M R  (C6D6), 6 : 1 7 . 0  (CH3); 20.6 (CH2); 21.9 
(__CHCH3); 31.9 (CHCOC1); 173.6 (COC1). 

1-Methylcyclopropanecarboxylic acid chloride (5c). Yield 
up to 95 %, b.p. 129--130 ~ The spin system is analogous to 
that of compound 11.1H N M R  (C6D6), 8:0.29 (m, 2 H, A A ' -  
part of  an A A ' M M ' - s y s t e m ,  3JHH = 3JAA, = 3JA, A = 8.9 Hz, 
3JHH = JAr~' = JA'M = 7.3 Hz, 2JHH = 2JAM = 2JA. M, = -- 
4.8 Hz); 0.98 (s, 3 H, CH3); 1,21 (m, 2 H, M M ' - p a r t  of an 
A A ' M M ' -  system, 3Jrt H = 3JM~ 1, = 3JM, M = 9.9 Hz, 3JHH = 
3JMA, = 3JM, A = 7.3 Hz, 2Jmt = 2JMA = 2JM, A, ---- -4.8 Hz). 
~3C{1H} N M R  (C6D6), 6 :19 .5  (2 CH2); 20.1 (CH3); 28.7 
(>C<); 177.8 (COC1). 

2,2-Diehloro-l-methyleyclopropaneearboxylie acid chloride 
(5d). Yield up to 95 %, b.p. 22 ~ (10 -4 Torr). IR, v/cm-~: 
3090, 2980, 1775, 775, 625. Found (%): C, 32.20; H, 2.70. 
C5H5C130 u Calculated (%): C, 32.03; H, 2.69. Mol. mass 
187.45. 

~H N M R  (C6D6), 6:1.00 (d, 1 H, A-part  

Ha~ /COG 1 of an AM-system, 2JHH = 2JAM = --8.1 Hz); 
I - t ~ A C I  1.29 (s, 3 H, CH3); 1.95 (d, 1 H, M-part  of 

an AM-system, 2JHH = 2JMA = --8.l Hz). 
t-t~ C1 13C{~H} N M R  (C6D6), 6 :19.2  (CH3); 32.4 

(CH2); 44.1 (>C<); 62.5 (s, CCI~); 171.2 
(s, COCO. 

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

A solution of acyl halide 5 (0.09 tool) in C6H 6 (45 mL) was 
added under argon at - 2  ~ with stirring to tris(trimethyl- 
silyl)phosphane 6 (0.1 mol). The solution was kept for 20-- 
30 rain to give a mixture containing compound 7 as the major 
component.  The composition of the mixture was determined 
by 1H N M R  (see Table 1). 

1-Cyclopropylearhonyl-his(trimethylsilyl)phosl~hane (7a). 
The spin system of the protons of the cyclopropane ring is 
similar to the spin system of the protons in compound 5a. 
1H N M R  (C6D6, - 2  ~ 6 :0 .35  (d, 18 H, P--Si(CH3) 3, 
3Jr, H = 4.4 Hz); 0.48 (m, 2 H, AA' -pa r t  of an A A ' M M ' X -  
system, 3JHH =3JAA, = 3JA, a = 9.1 Hz, 3JHH = 3JAM, =3JA, M 
= 7.5 Hz, 2JI_IH = 2JAM = 2JA, M, = --4.4 Hz, 3JHr t = 3JAx = 
3Ja. x = 7.8 Hz); 1.09 (m, 2 H, M M ' - p a r t  of an A A ' M M ' X -  
system, 3JHI_ I = 3JMM, = 3JM, M = 9.90 Hz, 3JHI a = 3JMA, = 
3JM, A = 7.5 Hz, 2JHH = 2JMA = 2JM, A, = --4.4 Hz, 3Jrtrt = 
3JMx = 3JM, x = 4.4 Hz); 2.11 (tt, I H, X-part  of an 
AA 'MM'X -sys t em,  3Jrtrt.= 3JXA = 3JXa, = 7.8 Hz, 3JHH = 
3JxM = 3JxM, = 4.4 Hz). 13C{IH} N M R  (C6D 6, - 2  ~ 
6 :1 .89  (d, P - - S i - - C H  3, 2Jpc = 10.3 Hz); 11.6 (s, 2 CH2); 
28.1 (d, CH, 2Jpc = 53.2 Hz); 221.3 (d, C=O, JPc = 42.6 Hz). 
31p N M R  (C6D6, - 2  ~ 6: -80.3 .  

trans- (2- Methyl- 1-cyclol~ropylearhonyl) -bis(trimethylsilyl)- 
phosphane (7b). The spin system of the protons of the cycle- 

_propane ring is similar to the spin system of the protons in 

compound 5b. 1H N M R  (C6D6, - 2  ~ 6 :0 .33  (d, I8 H, 
P--Si(CH3)3, 3Jr, H = 4.5 Hz); 0.45 (ddd, 1 H, A-part  of an 
ABCD-system, 3JHH = 3JAD = 6.2, Hz, 2JH1 ~ = 2JAB = -- 
3.5 Hz, 3JHH = 3a'AC = 7.9 Hz); 0.84 (d, 3 H, CH3, 3JHr ~ = 
3JDcH3 = 6.0 Hz); 1.32 (ddd, 1 H, B-part of an ABCD- 
system, 3Jra H = 3JBD = 8.5 Hz, 2JHH = 2JBA = --3.5 Hz, 3JHH 
= 3JBc = 4.3 Hz); 1.44 (dddd, D-part  of an ABCD-system, 
3~ = 3j = 6.0 Hz, = 6.2 Hz, = H. DCH3 3j~" 3SOA= 3j . .  3SD B 
= 8.5 Hz, 3JHH = 3JDc = 3.9 Hz); 1..97 (ddd, 1 H, C-part  of 
an ABCD-system, 3JHH = 3JCA = 7.9 Hz, 3Jut ~ = 3JcB = 
4.3 Hz, 3Jrm = 3Yco = 3.9 Hz). 13C{1H} N M R  (C6D6, - 
2 ~ 6:1.9 (d, P--Si- -CH3,  2Jpc = 11.l Hz); 18.0 (s, CH3); 
19.8 (s, CH2); 20.5 (s, _C_CHCH3); 37.1 (d, CH, 2Jec = 51.3 Hz); 
220.1 (d, C=O, IJpc = 43.3 Hz). 31p NMR (C606, - 2  ~ 
6: -80.6.  

( 1 - Methyl- 1 - cyclopropylcarbonyl) -his (trimethylsilyl) - 
phosphane (7c). The spin system of the protons of the cyclo- 
propane ring is similar to the spin systems of the protons in 
compounds 11 and 5e. 1H N M R  (C6D6, - 2  ~ 6:0.28 (d, 
18 H, P--Si(CH3) 3, 3Jell = 4.4 HZ); 0.47 (m, 2 H, AA' -pa r t  
of an AA'MM'- sys t em,  3JHI. 1 = 3JAA. = 3JA. A = 9.2 Hz, 3JHH 
= YAM' = JA'M ----- 6.6 Hz, 2JHH = 2JAM = 2 J A ,  M.  = - - 5 . 0  HZ); 
1.27 (S, 3 H, CH3); 1.32 (m, 2 H, M M ' - p a r t  of an A A ' M M ' -  
system, 3Jl_ll q = 3JMN. = 3JM, M = 10.3 Hz, 3Jnl q = 3JMA. = 
3JM, a = 7.5 Hz, 2JHH = 2JMA = 2JM, A, = --5.0 Hz, 4JMp = 

4JM, P = 1.8 Hz). 13C{IH} N M R  (C6D6, - 2  ~ ~: 2.0 (d, 
P--Si--CH3,  3Jpc = 11.1 Hz); 17.2 (d, 2 CH2, 3Jpc = 6.1 Hz); 
20.7 (d, CH 3, 3jpc = 8.1 Hz); 33.4 (d, OC-C-CH3,  2Jpc = 
39.2 Hz); 223.5 (d, C=O, IJpc = 50.3 Hz). 31p N M R  (C6D6, 
- 2  ~ 6: -102.8.  

(2,2- Dichloro- 1-methyl- 1- cyelopropylcarbonyl)-his(tri 
methylsilyl)phosphane (7d). 1H N M R  (C6D6, - 2  ~ 6:0.29 
(d, 18 H, P--Si(CH3) 3, 3Jell = 4.5 Hz); 0.86 (d, 1 H, A-part  
of an AM-system, 2Jmt = 2JAM = --7.1 Hz); 1.50 (s, 3 H, 
CH3); 2.36 (d, 1 H, M-part  of an AM-system, 2JHH = 2JNA = 
--7.1 Hz). 13C{IH} N M R  (C6D6, - 2  ~ 6 : 2 . 1  (d, 
P--Si- -CH3,  2Jpc = 10.l Hz); 20.8 (d, CH 3, 3Jec = 9.1 Hz); 
30.7 (s, CH2); 44.7 (d, >C<, 2Jec = 38.2 Hz); 63.6 (s, CC12); 
218.7 (d, C=O, tJec = 50.0 Hz). 3!p N M R  (C6D6, - 2  ~ 
6: -82.6.  

Synthesis of phosphaalkenes 8a--d (general procedure) 

A solution of acyl halide 5 (0.09 mol) in C6H 6 (50 mL) was 
added under argon at - 2  ~ with stirring to tris(trimethyl- 
silyl)phosphane 6 (0.1 mo!). The mixture was kept for 10-- 
15 min and then heated to -20 ~ to give a light-yellow 
solution of a phosphaalkene (8a,b) or a colorless solution 
(8c,fl). The yields were 75--95 %. 

E,Z- (Cyelopropyltrimethylsiloxymethylene)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:  IH N M R  (C6D 6, - 2 ~  6 : 0 . 3 4  (d, 9 H, 
O--Si(CH3)3, 5JpH = 1.2 Hz); 0.41 (d, 9 H, P--Si(CH3) 3, 
3Jr, ri = 4.0 Hz); 0.60 (m, 2 H, AA' -pa r t  of an A A ' M M ' X -  
system, 3arHr t = 3JAA, = 3JA. A = 9.2 Hz, 3JHH = 3JAM, =3JA. M 
= 7.6 Hz, 2JHH = 2JAM = 2JA, M, = --4,5 Hz, 3JHH = 3JAx = 
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3JA, x = 7.6 Hz); 1.11 (m, 2 H, M M ' - p a r t  of an A A ' M M ' X -  
system, 3JHH = 3JMM, = 3JM. M = 9.9 Hz, 3Jrm = 3JMA, = 
3JM. A = 7.6 Hz, 2JHH = 2JMA = 2JM, A, = --4.5 HZ, 3JHH = 
3JMX = 3JM, x = 4.6 Hz); 2.34 (ttd, 1 H, X-part of an 
AA 'MM'X -sys t em ,  3JHH = 3Jxa = 3JXA. = 7.6 Hz, 3Jlt H = 
3JXM = 3JxM, -- 4.6 Hz, 3JpH x = 2.5 Hz). 13C{1H} N M R  
(C6D6, - 2  ~ 8:0.2 (d, O--Si - -CH3,  4Jpc = 6.1 Hz); 1.8 (d, 
P- -Si - -CH3,  2Jec = 10.5 Hz); 10.2 (s, 2 CH2); 26.4 (d, CH, 
2dec = 14.5 Hz); 222.0 (d, P=C, IJvc = 59.0 Hz). 31p N M R  
(C606, - 2  ~ 8: 100.2. 

Z-8a: IH N M R  ( C 6 D 6 ,  - 2  ~  8 : 0 . 2 0  (s, 9 H, 
O--Si(CH3)3); 0.24 (d, 9 H, P--Si(CH3)3, 3JpH = 4.8 Hz); 
0.63 (m, 2 H, AA ' -pa r t  of an AA'MM'X-sys tem,  3JHH = 
3JAA, = 3JA, A = 8.6 Hz, 3grtrt = 3JAM, = 3JA, M = 7.6 Hz, 
2JHH = 2JAM = 2JA, M, = --4.0 Hz, 3JHH = 3JAx = 3JA, X = 

7.7 Hz); 1.17 (m, 2 H, M M ' - p a r t  of an AA'MM'X-sys tem,  
3JHH = 3JMM, = 3JM, M = 9.20 Hz, 3JH8 = 3JMA, = 3JM, A = 
7.6 Hz, 2JHH = 2JMA = 2J  M,A, = -4 .0  Hz, 3JHH = 3JMX = 

3JM. x = 4.4 Hz); 2.64 (ttdd, 1 H, X-part of an A A ' M M ' X -  
system, 3JHr t = 3JxA = 3JXA. = 7.7 Hz, 3Jltrt = 3JXM = 3JxM, 
= 4.4 Hz, 3JpH x = 1.1 Hz). 13C{IH} N M R  (C6D6, - 2  ~ 
8:1.0 (d, P- -S i - -CH3,  2Jec = 8.3 Hz); 1.3 (s, O--Si--CH3);  
11.7 (s, 2 CH2); 24.4 (d, CH, 2Jec = 30.7 Hz); 220.3 (d, P=C, 
IJec = 65.4 Hz). 31p N M R  (C6D6, - 2  ~ 8: 84.1. 

E,Z- ( trans- 2- M ethyle yelopropyltrimethylsiloxymethylene )- 
trimethylsilylphosphane (8b). Yield 18.5 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 7b. 

E-8b: ~H N M R  ( C 6 D 6 ,  - 2  ~ 8 : 0 . 3 1  (d, 9 H, 
O--Si--(CH3)3,  5gpH = 1.0 Hz); 0.38 (d, 9 H, P--Si - -CH3,  
3Jv8 = 4.0 Hz); 0.46 (ddd, 1 H, A-part  of an ABCD-system, 
3JHH = 3JAD = 6.1 Hz, 2JHH = 2JAB = --3.5 Hz, 3JHH = 
3JAc = 8.0 Hz); 0.97 (d, 3 H, CH, ,  3Jn,. = 3JD~_ = 6.0 Hz); a n ,~n 3 
1.30 (ddd, 1 H, B-part of an ABCD-system, 3JHH = 3JBD = 
9.2 Hz, 2JHH = 2JBA = --3.5 Hz, 3JHH = 3JBc = 4.5 Hz); 1.40 
(dddd, 1 H, D-part  of an ABCD-system, 3JHH = 3JDC, = 

3 - - 3  -- 3 n3  
6.0 HZ, 3JHH=3JDA=6.1  Hz, JHH-- JDB--9"2Hz,  JHH 
3JDC = 4.1 Hz); 2.09 (ddd, 1 H, C-part  of an ABCD-system, 
3 J H .  = 3JCA = 8.0 H z ,  3JHH = 3JcB = 4.5 Hz, 3JHI_ I = 3JcD = 

4.1 Hz, 3Jpn = 3Jec = 2.7 Hz). 13C{1H} N M R  (C6D6, - 2  ~ 
8:0.26 (d, O--S i - -CH3,  4Jl, c = 6.0 Hz); 1.96 (d, P--Si- -CH3,  
2Jpc = 10.7 Hz); 18.2 (s, CH3); 18.4 (s, CH2); 18.5 (s, 
C C_HCH3); 35.6 (d, C HC=P,  2Jpc = 13.1 Hz); 221.7 (d, P=C, 
1Jpc = 57.8 Hz). 31p N M R  (C6D6, - 2  ~ 8: 97.2. 

Z-8b:  1H N M R  (C6D6, - 2  ~ 8 : 0 . 2 2  (s, 9 H, 
O--Si--(CH3)3);  0.38 (d, 9 H, P- -Si - -CH3,  3Jvr t = 5.0 Hz); 
0.46 (ddd, 1 H, A-part  of an ABCD-system, 3JHH = 3JAD = 
6.1 Hz, 2JHH = 2JAB = --3.1 Hz, 3JHH = 3drAC = 8.1 Hz); 0.95 
(d, 3 H, CH3, 3JHH = 3JDcH. = 6.0 Hz); 1.40 (ddd, 1 H, 
B-part of an ABCD-system, 3a41att = JBD = 8.6 Hz, 2JHH = 
2JBa = --3.1 Hz, 3JHH = 3JBc = 4.3 Hz); 1.52 (dddd, 1 H, 
D-part  of an ABCD-system, 3JHH = 3JDc H = 6.0 Hz, 3J 8. = 
3JDA = 6.1 Hz, 3J ,  H = 3JDI 3 = 8.6 HZ,  3JHH 3 =  3JDc = 4.0 ~z) ;  
2.15 (ddd, l H, C-part  of  an ABCD-system, 3JHH = 3JCA = 
8.l Hz, 3JHH = 3JCB = 4.5 Hz, 3.]HH = 3JcD = 4.1 Hz, 3JpH = 
3Jpc --- 3.9 Hz). 13C{IH} N M R  (C6D6, - 2  ~ 8 :1 .1  (d, 
P--Si- -CH3,  2jpc = 8.6 Hz); 1.30 (s, O--Si - -CH3)  ; 18.0 (s, 

CH3); 18.2 (s, CH2); 18.3 (s, CHCH3); 33.1 (d, CHC=P,  
2Jec = 27.2 Hz); 220.2 (d, P=C, IJpc = 64.0 Hz). 31p N M R  
(C6D 6, - 2  ~ 8: 81.1. 

E,Z-(l-Methylcyclopropyltrimethylsiloxymethylene)tri- 
methylsilylphosphane (8c).  Yield i9.7 g (84 %), E : Z-- 98 : 2. 
The spin system of the protons of the cyclopropane ring in 
compound Z-So is similar to the spin system of the protons in 
compound 7e. 

E-Be: 31p N M R  (C6D6, - 2  ~ g: 114.0. 
Z-8e: IH N M R  (C6D6, - 2  ~ 8 : 0 . 2 5  (s, 9 H, 

O--Si--(CH3)3); 0.27 (d, 9 H, P--Si - -CH3,  3JpH = 4.3 Hz); 
0.48 (m, 2 H, AA' -pa r t  of an AA 'MM' - sys t em,  3JH8 = 3Jan. 
= 3JA, A = 8.8 HZ, 3JHH = JAM' = JA'M = 5.9 HZ, 2JI_IH = 2JAM 
= 2Ja, M, = -4 .3  Hz, 4jpH = 4JpA =- 1.8 Hz); 1.05 (m, 2 H, 
M M ' - p a r t  of an AA 'MM' - sys t em,  3git H = 3JMM. = 3JM. M = 
10.0 Hz, 3JHt ~ = 3JMa, = 3JM, a = 5.9 Hz, 2JHH = 2JMA = 

2JM, A, = --4.3 Hz, 4JpH = 4JpM = 4JpM. = 2.2 HZ); 1.20 (S, 
3 H, CH3). 13C{1H} N M R  (C6D6, - 2  ~ 8 : 0 . 9 5  (d, 
P - -S i - -CH 3, 2Jec = 8.1 Hz); 1.56 (s, O--Si - -CH3);  16.7 (d, 
2 CH2, 3Jec = 16.1 Hz); 24.5 (d, CH3, 3Jpc = 4.1 Hz); 28.6 
(d, OC-C-CH3, 2Jpc = 31.2 Hz); 220.9 (d, P=C, lJpc = 
66.4 Hz). 31p N M R  (C6D6, - 2  ~ 8: i16.1. 

E,Z- [ (2 ,2-Dichloro-l -methylcyclopropyl)tr imethyls i loxy-  
methyleneltrimethylsilylphosphane (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-8d: 1H N M R  (C6D6, - 2  ~ 8 : 0 , 2 6  (d, 9 H, 
P - -S i - -CH 3, 3JpH = 4.7 Hz); 0.37 (d, 9 H, O--Si--(CH3)3,  
5JpH = 1.0 Hz); 1.23 (d, 1 H, A-part  of an AM-system, 2JHH 
= 2JAM = 2JMA = --7.1 Hz); 1.51 (s, 3 H, CH3); 1.92 (d, 1 H, 
M-part  of an AM-system, 2JHH = 2JMA = 2JAM = --7.1 Hz). 
13C{1H} N M R  (C6D6, - 2  ~ 8:0.24 (d, O--Si - -CH3,  4Jec = 
6.1 Hz); 2.39 (d, P--Si - -CH3,  2Jpc = 12.2 Hz); 23.2 (d, CH3, 
3Jec = 4.6 Hz); 35.4 (s, CH2); 44.3 (d, OCC_CCH3, 2Jpc = 
13.7 Hz); 63.7 (d, CC12, 3jpc = 3.0 Hz); 216.2 (d, P=C, 1jpc 
= 59.4 Hz). 31p NMR (C6D6, - 2  ~ 8: 123.2. 

Z-8d: IH N M R  (C6D6, - 2  ~ 8 : 0 . 2 9  (d, 9 H, 
P - -S i - -CH 3, 3JpH = 4.7 Hz); 0.34 (s, 9 H, O--Si(CH3)3); 1.26 
(d, 1 H, A-part  of an AM-system, 2JHH = 2JAM = 2JMA = -- 
7.4 Hz); 1.45 (s, 3 H, CH3); 2.25 (d, 1 H, M-part  of an AM- 
system, 2JHH = 2J~da = 2JaM = --7.4 Hz, 4JpH = 4JpM = 

4.2 Hz, 4JpH = 4JpA = 1.5 HZ).  13C{1H} N M R  (C6D6, - 2  ~ 
8:0.76 (d, P--Si- -CH3,  2Jpc = 9.2 Hz); 1.74 (s, O--Si- -CH3);  
22.4 (d, CH3, 3Jpc = 4.6 Hz); 36.0 (d, CH2, 3Jpc = 27.2 Hz); 
42.0 (d, OCCCH3, 2Jec = 33.2 Hz); 65.7 (d, CC12, 3Jpc = 
18.1 Hz); 212.2 (d, P=C, 1Jpc = 63.4 Hz). 31p N M R  (C6D6, 
- 2  ~ 8: 131.1. 
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