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2-Chloro- 1,3-alkadienylphosphonic acids 2 have been synthesized by hydrolysis of the 2-chloro- 
1,3-alkadienylphosphonic dichlorides 1. The chlorination of 2 takes place with formation of 2- 
hydroxy-S,6-dihydro-2H-l,2-oxaphosphorine 2-oxides, but their bromination yields mixtures of 
2-hydroxy-5,6-dIhydro-2H- 1,2-oxaphosphorine 2-oxides and phosphorylated 2-chloro- I .2,3- 
tribrornoalkanes. 

Kevwords; 2-chloro-1,3-alkadienylphosphonic acids; halogenation; 2-hydroxy-5.6-dihydro-2H-1.2- 
oxaphosphorine 2-oxides: 2-chloro- 1,2,3-tribromoalkanephosphonic acids 

INTRODUCTION 

Although halogenation of 1,3-alkadienes is a well studied reaction there is, how- 
ever, scant information on this reaction with l ,3-dienic compounds containing 
electron-withdrawing groups adjacent to the conjugate bond system."] Thus, 
only the halogenation of 1,3-alkadienecarboxylic acidsrz1 and of their esters"] 
have been investigated in detail. On the other hand, convenient methods for the 
preparation of phosphorylated 1,3-aIkadienes were elaborated in the past twenty 
years,14' thus making them available for systematic studies of their reactivity. 
Recently was shown that the reaction of 1,3-alkadienylphosphonic derivatives 
with electrophilic reagents proceeds with heterocyclization of the 1,3-alkadienyI- 
phosphonic system of double bonds (0 = P-C = C-C = C) in most cases. Clearly, 

'Corresponding author. 
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60 V.C. CHRISTOV and V.M. ALADINOVA 

the preferential s-cis c~nformation '~~ of the 1,3-diene system is particularly fa- 
vourable for the cyclization. The reaction of 2-chloro- 1,3-a1kadienylphosphonic 
esters with sulfenyl chlorides leads to six- or five-membered heterocyclization 
depending on the type of hydrocarbon moiety in the sulfur atom[6a*6c1 - alkyl- 
sulfenyl chlorides give 5,6-dihydro-2H- 1,2-oxaphosphonnes, while arylsulfenyl 
chlorides lead to 2,Sdihydro- 1,2-oxaphospholes. The interaction of 2-chloro- 
2( 1 -cyclohexenyl)ethenephosphonic dialkyl esters with sulfenyl chlorides affords 
only six-membered heterocycles, irrespective of the type of the sulfenyl chlor- 
ide.["] Moreover, it has shown that depending on the nature of the substituents 
at the phosphorus atom (C1, RO, etc.) as well as on the position of the phos- 
phorus moiety in the 1,3 diene system (1- or 2-), the reaction with halogens 
leads to the formation of ad duct^,'^] five-[81 or ~ix-membered[~' heterocyclic com- 
pounds, or mixtures of them,"] or addition-elimination products via five- 
membered heterocyclic intermediates."01 

The aim of this paper as a part of our continuing study on the reactions of 
phosphorylated 1,3-alkadienes with electrophilic  reagent^,'^.^' was to synthezised 
2-chloro-l,3-alkadienylphosphonic acids and investigate the influence of the 
phosphorus moiety [(HO),P(O)] on the course of the halogenation reactions of 
the 2-chloro- 1,3-alkadienylphosphonic acids with respect to products formed. 

RESULTS AND DISCUSSION 

The 2-chloro- 1,3-alkadienylphosphonic acids 2 are obtained in high yield (77- 
90%) by hydrolysis of 2-chloro- 1,3-alkadienylphosphonic dichlorides 1 accord- 
ing to Scheme 1 : The resulting 1,3-dienes 2 were isolated by recrystallization 
and characterized by 'H NMR and IR spectra and elemental analyses. 

The acids 2 obtained in preparative amounts allowed us to study their chem- 
ical behavior in the reaction with halogens. We established that irrespective of 
the halogen, heterocyclization of the 1,3-dienylphosphonic system predomi- 
nantly proceeded with formation of six-membered heterocyclic compounds 
(Scheme 2). In the case of chlorination, only 4,5-dichloro-2-hydroxy-5,6-dihy- 
dro-2H-1,2-oxaphosphorine 2-oxides 3 were isolated in 66-7 1 % yields. The 
same heterocycles 3 were successfully synthesized in 73-84% yields by hy- 
drolysis of the cyclic chlorides 4, which were prepared from the reaction of 2- 
chloro- 1,3-alkadienyIphosphonic dichlorides with sulfuryl ~hloride."~] On the 
other hand, the bromination of 2-chloro- 1,3-dienylphosphonic acids 2 yielded 
mixtures of the cyclic compounds 5a-e and the 2-chloro- 1,2,3-tribromoaIkane- 
phosphonic acids 6a,b,d,e i n  the ratio 2:l with the exception of the 2-chloro- 
2( 1 -cyclohexenyl)-ethenephosphonic acid 2c, which gave only the 
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Reagents and Conditions: i) C1, or SOLC12, C1CH2CHLCI, 55-60°C, 3h, rt, 24h: 
ii) HzO, reflux, lh; 

iii) Br?, CICH2CHICI, 55-60°C. 3h, rt, 24h: 
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62 V.C. CHRISTOV and V.M. ALADINOVA 

5-bromo-4-chloro-2-hydroxy-5,6,7,8,9,lO-hexahydro-benz-2H- 1,2-0xaphosphor- 
ine 2-oxide 5c (Scheme 2): Heterocyclic compounds 3 and 5 exhibited correct 
spectroscopic properties in agreement[6,7,91 with the proposed structure. The 
structure of the 2-chloro- 1,2,3-tribromoalkanephosphonic acids 6 were assigned 
on the basis of their 'H and I3C NMR data. Thus, the 'H NMR spectra showed 
singlet peak for OH proton, doublet signal at low field (8  5.26-5.31 ppm, J,, 
15.76-16.83 Hz) for BrCH-P proton and peaks at high field for other protons. 
The I3C NMR spectra exhibited peaks only for sp3 carbon atoms and the C-1 
carbon atom was a doublet signal with coupling between carbon and phosphorus 
('Jcp 219.3k221.20 Hz). The ratio of the products 5 and 6 was determined by 
comparison of the intensity of the signals for the =CH of 5 and the BrCH-P 
protons of 6 in the 'H NMR spectra and the C-1 resonances of 5 and 6 in the 
I3C NMR spectra of the mixtures. 

As shown in Scheme 3, the formation of the 2-chloro- 1,2,3-tribromoalkane- 
phosphonic acids 6 can be explained by the addition reaction of hydrogen bro- 
mide, which eliminated in the heterocyclization reaction, to 
2-chloro- 1,3-alkadienylphosphonic acids 2 to yield the 4,1 -adduct, followed by 
addition of bromine to afford compounds 6. The fact that the adduct 6c was not 
obtained may be due to the influence of the cyclohexene ring on the stability of 
the intermediate carbenium ion, which formed after protonation with HBr. 

In summary, we have found that the 2-chloro- 1,3-alkadienylphosphonic acids, 
in contrast to their dichlorideslgbl and e ~ t e r ~ , ~ ~ ~ 9 ~ ~ ~ ' ~ ~ ~ ~ ~ ' ~  react with halogens pe- 
culiarly - the chlorination reaction leads to formation of 5,6-dihydro-2H- 1,2- 
oxaphosphorine 2-oxides, while the bromination yields mixtures of 
six-membered heterocyclic compounds and addition products - the phosphoryl- 
ated 2-chloro- 1,2,3-tribromoalkanes. 

EXPERIMENTAL 

Method of analysis 

NMR spectra were obtained on a BRUCKER WM-250 spectrometer for solu- 
tions (in CDCl,:d,-DMSO=5:1) operating at 250.1 ('H), 100.6 (I3C) and 161.9 
MHz (3'P). Chemical shifts are in parts per million downfield from internal TMS 
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ALKADIENYLPHOSPHONIC ACIDS 63 

('H and I3C) and external 85% H3P04 (31P). IR spectra were recorded (in nujol) 
with an IR-72 spectrophotometer (Carl Zeiss, Jena). Elemental analyses were 
carried out by the University of Shoumen Microanalytical Service Laboratory. 

The melting points were measured in open capillary tubes and are uncorrected. 
Halogenation reactions were carried out under an argon atmosphere and exclu- 
sion of moisture. The solvents were purified by standard methods. 

Starting materials 

2-Chloro- 1,3-alkadienylphosphonic dichlorides (1) were synthesized by chlori- 
nation reaction of allenylphosphonic dichlorides according to the litera- 
ture. Wa.4b.4~1 2,4,5-Trichloro-5,6-dihydro-2H- l ,2-oxaphosphorine 2-oxides (4) 
were prepared according to the established procedure.[9b1 

Synthesis of 2-chloro-I,3-alkadienylphosphonic acids (2). General procedure 

A solution of 2-chloro-l,3-alkadienylphosphonic dichloride 1 (50 mmol) in ace- 
tone (5 ml) was slowly added dropwise, with stirring, at 0-10°C to distilled 
water (20 ml). The reaction mixture was stirred for lh  at the same temperature 
and 3h at room temperature. Then the precipitate was filtered, washed with 
water, dried and recrystallized from hexane or heptane to give the pure products 
as white crystals. The products had the following properties: 

2-Chloro-3-methyl-1,3-butudienylphosphonic acid (2a) 

had the same physical and spectral data as the described one in the literature.'4a1 

2-Chloro-3-ethyl-l,3-pentadienylphosphonic acid (2b) 

Yield: 84%, m.p. 82-3"C, C7Hl,03PCl, Calcd., %: P 14.71, C1 16.83; Found, 
%: P 14.98, C1 17.02; IR spectra, cm-': 1268 (P=O), 1601, 1652 (C=C- 
C=C); IH NMR spectra, S: 1.04 (t, JH.H 6.8 Hz, 3H, CH,-Me), 1.72 (d, JH.H 
6.4 Hz, 3H, =CH-Me), 2.26 (q, JH.H 6.8 Hz, 2H, CH,-Me), 5.47 (q, JH.H 6.4 
Hz, lH, =CH-Me), 6.06 (d, JH-p 9.7 Hz, lH, =CH), 10.38 (s, 2H, 2HO); 

2-Chloro-2(1 -cyclohexenyl)ethenephosphonic acid (2c) 

Yield: 90%, m.p. 127-8"C, C8HI2O3PCl, Calcd., %: P 13.91, C1 15.94; Found, 
%: P 13.85, C1 15.78; IR spectra, cm-I: 1275 (P=O), 1589, 1625 (C=C- 
C=C); 'H NMR spectra, 6: 1.56, 2.09, 5.93-6.09 (s, s, m, 9H, cyclohexenyl), 
5.78 (d, JH.P 11.2 Hz, lH, =CH), 9.81 (s, 2H, 2HO); 
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64 V.C. CHRISTOV and V.M. ALADINOVA 

2-Chloro-3,4-dimethyl-1,3-pentadienylphosphonic acid (2d) 

Yield: 81%, m.p. 94-5"C, C,H,,O,PCl, Calcd., %: P 14.71, C1 16.83; Found, 
%: P 14.87, C1 17.12; IR spectra, cm-': 1281 (P=O), 1602, 1659 (C=C- 
C=C); 'H NMR spectra, 6: 1.70, 1.77, 1.83 (s, s, s, 9H, 3Me), 5.98 (d, JH-p 

10.6 Hz, lH, =CH), 10.47 (s, 2H, 2HO); 

2-Chloro-3-isopropyl-4-methyl-l,3-pen~ienylphosphonic acid (2e) 

Yield: 77%, m.p. 104-5"C, C9H,603PC1, Calcd., %: P 12.98, C1 14.86; Found, 
%: P 13.17, C1 15.12; IR spectra, cm-': 1283 (P=O), 1601, 1656 (C=C- 
C=C); 'H NMR spectra, 6: 1.03 (d, J H . H  6.4 Hz, 6H, CHMe,), 1.68, 1.77, (s, 
s, 6H, 2Me), 2.56 (m, lH, CHMe,), 5.96 (d, JH.p 10.2 Hz, IH, =CH), 10.67 
(s, 2H, 2HO); 

Synthesis of 4,5-dichloro-2-hydroxy-5,6-dihydro-2H-1,2-oxaphosphorine 2- 
oxides (3): Method a: Chlorination of 2-chloro-l,3-alkadienylphosphonic 
acids (2). General procedure 

To a solution of 2-chloro- 1,3-alkadienylphosphonic acid 2 (10 mmol) in dry 1,2- 
dichloroethane (5 ml) at 5540°C during 0.5h was added dropwise with stirring 
a solution of chlorine (0.78 g, 1 1 mmol) or sulfuryl chloride (1.48 g, 1 1 mmol) 
in the same solvent (15 ml). The stirring was continued for 3h at the same 
temperature. The flask was stoppered and kept at room temperature for 24h. The 
solvent was removed using a rotatory evaporater and the residue was recrystal- 
lized from hexane or heptane to give the pure products as white crystals. Yield: 
6671%. 

Method b: Hydrolysis of 2,4,5-trichloro-5,4-dihydro-2H-I,2-oxaphosphorine 
2-oxides (4): General procedure 

A mixture of 2,4,5-trichloro-5,6-dihydro-2H- 1,2-0xaphosphorine 2-oxide 4 (5 
m o l )  and 5 ml distilled water was refluxed for lh. The crystals were dissolved. 
After cooling of the solution, the product was crystallized. The pure samples 
were obtained by recrystallization from hexane or heptane. Yield: 7344%. 

The products had the following properties: 
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ALKADIENYLPHOSPHONIC ACIDS 65 

4,5-dichloro-2-hydroxy-5-methyl-5,6-dihydro-2H-1,2-oxaphosphorine 2-oxide 
( 3 4  

Yield: 71% (method a), 79% (method b); m.p. 75-6"C, CSH7O3PCl2, Calcd., %: 
P 14.27, C132.68; Found, %: P 14.41, C132.86; IR spectra, cm-': 1239 (P=O), 
1607 (C=C); 'H NMR spectra, 6: 2.04 (s, 3H, Me), 4.48 (A), 4.31 (B)(ABX- 
system, JA.P 12.37 Hz, JB.p 18.89 Hz, JA-B 11.44 Hz, 2H, CH,-0-P), 6.34 (d, 
JH.p 7.76 Hz, lH, =CH), 8.54 (s, IH, OH); I3C NMR spectra, 6: 28.41 (C-5), 
43.12 (C-3), 65.09 (C-4), 123.33 (C-1, J c - p  171.23 Hz), 144.42 (C-2). 

4,5-dichloro-5-ethyl-2-hydroxy-6-methyl-5,6-dihydro-2H-1,2-oxaphosphorine 
2-oxide (3b) 

Yield: 68% (method a);  m.p. 94-5"C, C7HIIO3PCI2, Calcd., %: P 12.64, C1 
28.94; Found, %: P 12.75, C1 29.09; IR spectra cm-I: 1243 (P=O), 1606 
(C=C); 'H NMR spectra, 6: 0.91 (t, 3H, Me-CH,), 1.69 (d, JH." 6.7 Hz, 3H, 
CH-Me), 2.33 (q, 2H, Me-CH,), 4.744.98 (m, JH.p 13.2 Hz, JH.H 6.7 Hz, lH, 
CH-Me), 6.32 (d, JH.p 8.86 Hz, IH, =CH), 8.89 (s, lH, OH); 13C NMR spectra, 
6: 9.3 (C-6), 17.4 (C-7), 33.0 (C-5), 47.10 (C-3), 67.43 (C-4), 121.55 (C-1, Jc. 
p 168.23 Hz), 146.22 (C-2). 

4,5-dichloro-2-hydroxy-5,6,7,8,9,10- hexahydrobenz-2 H- 1,2-oxaphosphorine 
2-oxide (3c) 

Yield: 69% (method a) ,  84% (method b); m.p. 107-8"C, C,H, 103PC12, Calcd., 
%: P 12.05, C1 27.58; Found, %: P 12.13, C1 27.74; IR spectra, cm-': 1239 
(P=O), 1599 (C=C); 'H NMR spectra, 6: 1.74, 2.18, 4.664.81 (s, s, m, 9H, 
cyclohexyl), 6.20 (d, JH-p 8.60 Hz, lH, =CH), 12.05 (s, 1H. OH); I3C NMR 
spectra, S: 23.85 (C-6), 28.35 ((2-3, 33.65 (C-7), 72.45 (C-3, Jc.p 6.7 Hz), 67.6 

NMR spectra, 6: 7.30. 
(C-4, J c - p  5.5 Hz), 118.9 (C-1, J c - p  178.45 Hz), 143.7 (C-2, J c - p  11.4 Hz); 3LP 

4,5-dichloro-2-hydroxy-5,6,6-trimethyl-5,6-dihydro-2H-I,2-oxaphosphorine 2- 
oxide (3d) 

Yield: 68% (method a) ,  73% (method b); m.p. 95-6"C, C7H1,03PC12, Calcd., 
%: P 12.64, C1 28.94; Found, %: P 12.80, C1 29.18; IR spectra, cm-': 1245 
(P=O), 1604 (C=C); 'H NMR spectra, 6: 1.65, 1.80 (s, s, 9H, 3Me), 6.25 (d, 
JH.P 8.57 Hz, lH, =CH), 8.92 (s, lH, OH). 
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66 V.C. CHRISTOV and V.M. ALADINOVA 

4,5-dichloro-6,6-dimethyl-5-isopropyl-2-hydroxy-5,6-dihydro-2H-1,2- 
oxaphosphorine 2-oxide (3e) 

Yield: 66% (method a), 75% (method b); m.p. 105-6"C, C9Hl,O3PC1,, Calcd., 
%: P 11.34, C1 25.96; Found, %: P 11.42, C1 26.11; IR spectra, cm-': 1241 
(P=O), 1600 (C=C); 'H NMR spectra, 6: 1.41 (d, 6H, CHMe,), 1.72 (s, s, 
6H, 2Me), 2.58-2.77 (m, lH, CHMe2), 6.37 (d, JH.P 7.97 Hz, lH, =CH), 9.12 
(s, lH, OH). 

Bromination of 2-chloro-l,3-alkadienylphosphonic acids (2). General 
procedure 

To a solution of 2-chloro-1,3-alkadienylphosphonic acid 2 (10 mmol) in dry 1,2- 
dichloroethane (5 ml) at 55-60°C during 0.5h was added dropwise with stirring 
a solution of bromine (1.76 g, 1 1 -01) in the same solvent (1 5 ml). The stirring 
was continued for 3h at the same temperature. The flask was stoppered and kept 
at room temperature for 24h. The solvent was removed using a rotatory eva- 
porater and the residue was washed with hexane and dried to give the mixture 
of products as light yellow crystals. 

R' = R2 = H, R3 = Me: Yield: 51%, m.p. 89-2°C; 
Ratio (by NMR spectra): 5a:6a = 2.0: 1 .O. 

5-bromo-4-chloro-2-hydroxy-5-methyl-5,6-dihydro-2H-1,2-oxaphosphonne 2- 
oxide (5a) 

IR spectra, cm-': 1246 (P=O), 1614 (C=C); 'H NMR spectra, 6: 2.10 (s, 3H, 
Me), 4.55 (A), 4.38 (B)(ABX-system, JA.p 12.78 Hz, JB.P 19.08 Hz, JA-B 11.67 

NMR spectra, 6: 28.35 (C-5), 43.09 (C-3), 64.93 (C-4, JC+ 16.10 Hz), 121.85 
(C-1, Jc.p 181.11 Hz), 146.24 (C-2); 31P NMR spectra, 6: 5.89. 

Hz, 2H, CHZ-0-P), 6.37 (d, JH.p 7.68 Hz, IH, =CH), 8.34 (s, lH, OH); I3C 

2-chloro-3-rnethyl-l,2,3-tribromobutanephosphonic acid (64 

IR spectra, cm-': 1273 (P=O); 'H NMR spectra, 6: 1.92, 1.95 (s, s, 6H, 2Me), 
5.28 (d, JH.p 15.76 Hz, lH, Br-CH), 8.34 (s, 2H, 20H); I3C NMR spectra, S: 

3'P NMR spectra, 6: 9.81, 9.96. 
17.80 (C-4), 20.08 (C-5), 33.40 (C-3), 35.50 (C-2), 42.59 (C-I, JC-p 219.34 Hz); 

R' = H, R2 = Me, R3 = Et: Yield: 50%, m.p. 93-5°C; 
Ratio (by NMR spectra): 5b:6b = 2.2: 1 .O. 
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ALKADIENYLPHOSPHONIC ACIDS 61 

S-bromo-4-chloro-5-ethyl-2-hydroxy-6-methyl-S,6-dihydro-2H-1,2- 
oxaphosphorine 2-oxide (Sb) 

IR spectra. cm-': 1239 (P=O), 1590 (C=C); 'H NMR spectra, 6: 1.12 (t, 3H, 
Me-CH,), 1.75 (d, JH.H 6.8 Hz, 3H, CH-Me), 2.39 (4, 2H, Me-CH,), 4.90-5.08 
(m, JH.p 13.2 Hz, JH.H 6.9 Hz, lH, CH-Me), 6.44 (d, JH.p 9.0 Hz, lH, =CH), 
9.08 (s, lH, OH); I3C NMR spectra, S: 10.13 (C-6), 17.93 (C-7), 33.4 (C-5), 

spectra, 6: 6.56. 
47.35 (C-3), 68.78 (C-4), 123.11 (C-1, Jc-p 169.30 Hz), 146.17 (C-2); 31P NMR 

2-chloro-3-ethyl-1,2,3-tribromopentanephosphonic acid (6b) 

IR spectra, cm-I: 1268 (P=O); 'H NMR spectra, 6: 0.89 (t, 6H, 2Me-CH2), 
2.15 (9, 4H, 2Me-CH2), 5.23 (d, J H - p  16.65 Hz, lH, Br-CH), 9.08 (s, 2H, 20H); 
13C NMR spectra, 6: 19.11 (C-7), 20.08 (C-5), 27.94 (C-6), 29.82 (C-4), 31.08 

.(C-3), 34.16 (C-2), 43.61 (C-1, Jcp 221.20); 31P NMR spectra, 6: 10.08, 10.43. 

R' = H, R2 + R3 = - (CH,),: S-bromo-4-chloro-2-hydroxy-5,6,7,8,9,10- 
hexahydrobenz-2H-1,2-oxaphosphorine 2-oxide (Sc) 

Yield: 58%; m.p. 114-5"C, C,H,,O3PC1Br, Calcd., %: P 10.27, C1 11.76; Br 
26.50; Found, %: P 10.38, C1 11.85; Br 26.71; IR spectra, cm-': 1244 (P=O), 
1602 (C=C); 'H NMR spectra, 6: 1.80, 2.21, 4.68-4.87 (s, s, m, 9H, cycloh- 
exyl), 6.31 (d, JH.p 8.56 Hz, lH, =CH), 12.44 (s, lH, OH); I3C NMR spectra, 

Jc.p 5.8 Hz), 119.45 (C-1, Jc.p 177.09 Hz), 146.92 (C-2, Jc.p 10.9 Hz); 31P NMR 
spectra, 6: 7.77. 

6: 24.05 (C-6), 29.05 (C-5), 32.95 (C-7), 74.23 (C-3, Jc-p 6.5 Hz), 67.70 (C-4, 

R' = R2 = R3 = Me: Yield: 47%, m.p. 109-1°C; 
Ratio (by NMR spectra): 5d:6d = 2.1:l.O. 

S-bromo-4-chloro-2-hydroxy-5,6,6-trimethyLS, 6-dihydro-2H-1,2- 
oxaphosphorine 2-oxide (5d) 

IR spectra, cm-I: 1250 (P=O), 1610 (C=C); 'H NMR spectra, 6: 1.69, 1.89 
(s, s, 9H, 3Me), 6.33 (d, JH.P 8.47 Hz, lH, =CH), 9.13 (s, lH, OH). 

2-chloro-3,4-dimethyl-1,2,3-tmopentanephosphonic acid (6d) 

IR spectra, cm- ': 1274 (P = 0); 'H NMR spectra, 6: 1.77 (s, 3H, Me), 1.44 (d, 
6H, CHMe,), 2.49-2.79 (m, lH, CHMe,), 5.31 (d, JH.P 16.83 Hz, lH, Br-CH), 
9.13 (s, 2H, 20H). 
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R' = R2 = Me, R3 = P i :  Yield: 48%, m.p. 121-3°C; 
Ratio (by NMR spectra): 5e:6e = 2.0:l.O. 

5-bromo-4-chloro-6,6-dimethyl-5-isopropyl-2-hydroxy-5,6-dihydro-2H-1,2- 
oxaphosphorine 2-oxide (5e) 

IR spectra, cm-I: 1254 (P=O), 1609 (C=C); 'H NMR spectra, 6: 1.35 (d, 6H, 
CHMe,), 1.88 (s, 6H, 2Me), 2.51-2.74 (m, IH, CHMe,), 6.50 (d, JH.p 8.09 Hz, 
lH, =CH), 9.54 (s, lH, OH). 

2-chloro-3-isopropyl-4-methyl-1,2,3-~~bromopen~nephosphonic acid (6e) 

LR spectra, cm-I: 1273 (P=O); 'H NMR spectra, 6: 1.56 (d, 12H, 2CHMe2), 
2.34-2.68 (m, 2H, 2CHMe,), 5.26 (d, JH.P 16.66 Hz, lH, Br-CH), 9.54 (s, 2H, 
20H). 

Acknowledgements 

The authors are indebted to Prof. Dr. Ch. M. Angelov for the suggestions in the 
interpretation of some NMR spectra. 

References 

[ 11 For a review on 1.3-alkadienes and their derivatives in reactions with electrophilic reagents, 
see: V. Ch. Christov, Ch. M. Angelov and A. A. Petrov, Russ. Chem. Rev., 60, 39 (1991). 

[2] a) K. V. Auwers and J. Heyna, Liebigs Ann. Chem., 434, 140 (1923); b) K. V. Auwers and 
W. Muller, Liebigs Ann. Chem., 434, 165 (1923); c) I. E. Muscat, B. C. Becker and J. S. 
Lowenstein, J. Am. Chem. Soc., 52, 326 (1930); d) C. K. Ingold, G. J. Prifchard and H. G. 
Smith, J .  Chem. SOC., 79 (1934). 

131 a) D. D. Coffman. J.  Am. Chem. Soc.. 57, 1981 (1935); b) D. F. Shellamer, V. L. Heasley, 
J. E. Foster, J. K. Luttrull and G. E. Heasley, J. Org. Chem., 42, 2141 (1977); c) D. F. 
Shellarner, V. L. Heasley, J. E. Foster, J. K. Lutuull and G. E. Heasley, J. Org. Chem., 43, 
2652 (1978). 

[4] a) Ch. M. Angelov, T. S. Mikhailova, V. M. Ignat'ev, V. I. Zakharov, A. V. Dogadina, B. I. 
Ionin and A. A. Petrov, Zh. Obshch. Khim., 48, 1487 (1977); b) Ch. M. Angelov, V. Ch. 
Christov and B. 1. Ionin, Zh. Obshch. Khim., 51, 1230 (1981); c )  Ch. M. Angelov and V. 
Ch. Christov, C. r. Acad. bufg. Sci.. 34, 67 (1981); d) V. K. Brell, N. K. Skvortshov, A. V. 
Dogadina. B. I. Ionin and A. A. Petrov, Zh. Obshch. Khim., 49, 191 1 (1979); e)  V. K. Brell, 
A. V. Dogadina, B. 1. Zhacharov, B. 1. Ionin and A. A. Petrov, Zh. Obshch. Khim., 50, 1256 
(1980); f) V. K. Brell, A. V. Dogadina, B. I. Ionin and A. A. Petrov, Zh. Obshch. Khim., 52, 
520 (1982); g) V. K. Brell, B. I. Ionin and A. A. Petrov, Zh. Obshch. Khim., 52, 816 (1982); 
h) V. K. Brell, B. P. Nosov, B. I. Ionin and A. A. Petrov, Zh. Obshch. Khim., 52, 932 (1982). 

[5] a) G. A. Berkova, A. M. Shekhade, V. I. Zhakharov, B. I. Ionin and A. A. Petrov, Zh. Obshch. 
Khim.. 47,957 (1977); b) G. A. Berkova, G. S. Vafina, V. I. Zhakharov, L. N. Mashlyakovskii 
and B. I. Ionin, Zh. Obshch. Khim., 51, 745 (1981); c) A. D. Likov, L. N. Mashlyakovskii, 
G. S. Vafina and B. I. Ionin, Zh. Obshch. Khim., 51, 1703 (1981); d) V. P. Nosov, V. K. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
9
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



ALKADIENYLPHOSPHONIC ACIDS 69 

Brell, V. N. Kheruze, B. I. Ionin, L. N. Mashlyakovskii and A. A. Petrov, Zh. Obshch. Khim., 
52, 811 (1982); e) V. Ch. Christov and Ch. M. Angelov, Proceeding ofNationa1 Conference, 
VNVU, V. Timovo, No. 3, 192 (1988). 

[6] a) Ch. M. Angelov and V. Ch. Christov, Chemica SCC, 24, 92 (1984); b) V. Ch. Christov and 
Ch. M. Angelov, Phosphorus and Sulfur, 40, 155 (1988); c) V. Ch. Christov and Ch. M. 
Angelov, Phosphorus, Sulfur and Silicon, 68, 223 (1992). 

[7] A. M. Shekhade, V. M. Ignat’ev, V. I. Zakharov, B. I. Ionin and A. A. Petrov, Zh. Obshch. 
Khim., 49, 337 (1979). 

[8] V. K. Brell, A. V. Dogadina, B. I. Ionin and A. A. Petrov, Zh. Obshch. Khim., 50, 1652 
(1980). 

[9] a) Ch. M. Angelov, V. Ch. Christov, B. I. Ionin, M. Kirilov and A. A. Petrov, Zh. Obshch. 
Khim., 49, 2381 (1979); b) Ch. M. Angelov and V. Ch. Christov, Tetrahedron Lerr., 22, 239 
(1981); c )  Ch. M. Angelov, V. Ch. Christov and M. Kirilov, Zh. Obshch. Khim., 52, 181 
(1982); d) Ch. M. Angelov. V. Ch. Christov, J. Petrova and M. Kirilov. Phosphorus and 
Sulfur, 17, 37 (1983); e) V. Ch. Christov and Ch. M. Angelov, C. I: Acad. bulg. Sci., 41, 73 
(1988). 

[lo] V. K. Brell, A. V. Dogadina, B. I. Ionin and A. A. Petrov. Zh. Obshch. Khim., 50, 1890 
(1980). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
9
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


