
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

SYNTHESIS OF 1-SUBSTITUTED PHOSPHORYLATED ALLENES
Valerij CH. Christova; Boris Prodanova

a Department of Chemistry, University of Shoumen, Shoumen, Bulgaria

To cite this Article Christov, Valerij CH. and Prodanov, Boris(2000) 'SYNTHESIS OF 1-SUBSTITUTED
PHOSPHORYLATED ALLENES', Phosphorus, Sulfur, and Silicon and the Related Elements, 166: 1, 265 — 273
To link to this Article: DOI: 10.1080/10426500008076548
URL: http://dx.doi.org/10.1080/10426500008076548

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500008076548
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phorphonir. Siilfiir uad Silicon. 2000, Vol. 166. pp. 265-273 
Repnnts available directly from the publisher 
Phoiocopying permitted by license only 

0 2000 OPA (Overrcns Publishers Association) 
Amslcrdsm N.V. Published under 1icen.w by 

the Gordon and Breach Science Publishers impnnt. 
Printed in Malaysia 

SYNTHESIS OF 1-SUBSTITUTED 
PHOSPHORYLATED ALLENES 

VALERIJ CH. CHRISTOV* and BORIS PRODANOV 

Department of Chemistry, University of Shoumen. BG-9700 Shoumen, Bulgaria 

(Received October 30, 1997'; Infinal form July 11, ZOOOj 

Reaction of the lithio compounds A. generated in situ from the corresponding allene-phos- 
phonates 1 and -phosphine oxide 2 and lithium diisopropylamide, with different electrophilic 
reagents leads to formation of the I-benzyl-, I-allyl-, I-propargyl-, I-phenylthio-. I-phe- 
nylseleno-. I-methylsulfinyl-, I-trichloromethylsulfinyl- and I-(trimethylsilyloxy)sulfo- 
nyl-  I ,2-alkadiene-phosphonates and -phosphine oxides 3-13. 

Keywords: allenephosphonates; allenephosphine oxides; lithium diisopropylamide; elec- 
trophilic reagents; I-substituted I ,  2-alkadienephosphonates: 1-substituted I .  2-alkadienyl 
phosphine oxides 

INTRODUCTION 

In the past three decades, synthesis and use of allene derivatives have rap- 
idly expanded in preparative organic chemistry."] A most important 
aspect for applications of 1 -acceptor substituted allenes is the relatively 
high acidity of the hydrogen atom at C-1 atom, for examples: l-alkoxyal- 
lenes,['] a-allenic esters,13] I - a l l ene - s~ l f ide , [~~~  - su l fox ide~ , [~~]  -sulfinea- 
m i d e ~ , [ ~ ~ ]  and - ~ u l f o n e . [ ~ ~ ]  The literature data show that the proton at C-1 
atom from the allenic system is easy displaceable with different elec- 
trophilic reagents. On the other hand, a-metallation of an allenephosphine 
oxide (introduction of deuterium in the a-position) has been observed.[5a1 
Application of allenic phosphonates to the synthesis of structurally inter- 

* Corresponding author, E-Mail: vchristo@shu-bg.net 
t As short communication. 
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266 VALERU CH. CHRISTOV and BORIS PRODANOV 

esting molecules was made by R. S. M a c ~ m b e r [ ~ ~ - ~ ~ ]  as shown in the con- 
struction of bicyclic cumulatriene as an elegant example.[5e1 

As a part of our research program on the chemistry of the heter- 
oatom-containing highly unsaturated compounds, we required[l*] a con- 
venient method to introduce some electron-withdrawing groups at the 
a-position to the phosphorylated allenes. The thio-, seleno-, sulfinyl- and 
sulfonyl-group attact increasing attention as useful functionalities in 
organic synthesis. Of particular interest are the applications of these 
groups as temporary transformers of chemical reactivity of the allenic sys- 
tem in the synthesis of eventually heterocyclic compounds by the reactions 
with electrophilic reagents.[61 

RESULTS AND DISCUSSION 

We found that the phosphorylated allenes 1 and 2 can smoothly be depro- 
tonated at the a-position by lithium diisopropylamide (LDA) in THF 
under an argon atmosphere. The resulting lithio compounds A can react 
with different electrophiles leading to 1-substituted derivatives of 1 and 2 
as benzyl-. allyl-, propargyl-, phenylthio-, phenylseleno-, methylsulfinyl-, 
trichloromethylsulfinyl- and (trimethylsi1yloxy)-sulfonyl- 1,2-alkadi- 
ene-phosphonates (3,s-7,9-12) and -phosphine oxides (4,8, 13) accord- 
ing to the following reaction sequence outlined in the Scheme. 

After a conventional work-up, the resulting 1 -substituted 1,2-alkadi- 
ene-phosphonates and -phosphine oxides 3-13 were isolated by prepara- 
tive TLC as light yellow oils or white crystals in moderate yields (41-65 
%) and identified by 'H NMR and IR spectra as well as elemental analy- 
sis. The low yield of the product 5 was due to the formation of unassigna- 
ble polymeric material. 

In summary, a new family of 1,l-disubstituted allenes was synthesized 
by reaction of the lithiated 1,2-alkadienephosphonates and -phosphine 
oxides with different electrophilic reagents. Synthetic application of the 
prepared 1 -substituted phosphorylated allenes in the heterocyclization 
reactions with electrophilic reagents is now under investigation. 
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ALLENEPHOSPHON ATE 267 

3-13 

3 - 1 3  E R R '  R 2  Reagents and Conditions: 

IDA. THF, -78 OC. lh: 
PhCH2Cl ( 3  and 4), 

ally1 bromide (S ) ,  
propargyl bromide (6), 

PhSCl ( 7  and 8). 
PhSeCl (9). 
MeS(0)CI (10). 
CC13S(O)C1 (1  1) or 
Me3SiOSO2CI (12  and 131, 
THF, -78 OC to R. 1-6 h. 

EXPERIMENTAL 

Method of analysis 

'H NMR spectra were obtained on a JEOL JNM-FX-60 spectrometer for 
solutions in CDCl, operating at 60 MHz. Chemical shifts are in parts per 
million downfield from internal TMS. 

IR spectra were recorded with an IR-72 spectrophotometer (Carl Zeiss, 
Jena). Elemental analyses were carried out by the University of Shoumen 
Microanalytical Service Laboratory. 
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268 VALERIJ CH. CHRISTOV and BORIS PRODANOV 

The melting points were measured in open capillary tubes and are uncor- 
rected. The solvents were purified by standard methods. The reactions 
were carried out in ovendried glassware under an argon atmosphere and 
exclusion of moisture. All compounds were checked for their purify on 
TLC plates. 

Starting materials 

3-Methyl- 1,2-butadienephosphonic ( la)  and cyclohexylidene-ethenephos- 
phonic ( lb)  dimethyl esters were synthesized from the corresponding 
dichlorides and methanol in the presence of pyridine according to the liter- 
at~re.['"~ Diphenyl (3-methyl- 1,2-butadienyl) phosphine oxide (2a) was 
prepared from the corresponding a-alkynol and diphenylchlorophosphine 
in the presence of triethylamine by a procedure described earlier.['] Phe- 
nylsulfenyl chloride was prepared from diphenyl disulfide and sulfuryl 
chloride at -20 "C and used after distillation.['01 Methylsulfinyl chloride 
was synthesized from dimethyl disulfide and sulfuryl chloride in glacial 
acetic acid and used after distillation." ' I  

Synthesis of 1-substituted phosphorylated allenes (3-13). General 
procedure 

To a solution of lithium diisopropylamide (LDA), generated in situ from 
diisopropylamine (DIA) ( 1  . I  1 g, 11 mmol) and n-butyl lithium (n-BuLi) 
(1.6 M in hexane, 6.25 ml, 10 mmol), in tetrahydrofuran (THF) (20 ml) 
was added a solution of allenephosphonate ( l a  or lb)  or allenylphosphine 
oxide (2a) (10 mmol) in THF at -78 "C. The reaction mixture was stirred 
at this temperature for 1 h. After the addition of a solution of electrophilic 
reagent (1 0 mmol) in THF at -78 "C, the mixture was stirred at room tem- 
perature for 1-6h (see Table). After that the mixture was quenched with 
2N HCI, extracted with ether or ethylacetate, washed with saturated NaCl, 
and dried over anhydrous sodium sulfate. After evaporation of the sol- 
vents, the residue was chromatographed on silica gel to give the pure 
1-substituted phosphorylated allenes 3-13 with good yields (4145%) (see 
Table). 
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TABLE Synthesis of I-substituted phosphorylated allenes (3-13) 
~~ 

Entry Starting E+ R R' $ Reaction Product Yield 
AIlene time f %) 

I l a  

2 2a 

3 l a  

4 Ib  

5 l a  

6 2a 

7 l b  

8 l b  

9 l a  

10 l a  

I I  2a 

PhCHz 

PhCHz 

CHZ-KHCH~ 

CHKCHz 

PhS 

PhS 

PhSe 

MeS(0) 

CCI3S(O) 

Me3SiOSOz 

Me3SiOSOz 

Me0 

Ph 

Me0 

Me0 

Me0 

Ph 

Me0 

Me0 

Me0 

Me0 

Ph 

Me Me 

Me Me 

Me Me 

-(CHz)s- 

Me Me 

Me Me 

-(CH.&- 

-(CH&- 

Me Me 

Me Me 

Me Me 

5ha 

6ha 

6h' 

5h' 

3h 

4h 

4h 

3h 

2h 

Ih  

I .5h 

3 52 

4 49 

5 41 

6 54 

7 60 

8 55 

9 50 

10 59 

11 65 

12 50 

13 48 

a. The reaction mixture was heated to 50 X .  

l-Benzyl-3-methyl-l,2-butadienephosphonic dimethyl ester (3)  

The compound was synthesized from the lithio derivative A of the 
3-methyl- 1.2-butadienephosphonic dimethyl ester la and benzyl chloride 
by heating to 50°C for 5h. Eluent for preparative TLC: 
hexane:ethylacetate = 3:l. Oil, Cl4Hl9O3P, Calcd., %: P 11.63; Found, %: 
P 11.76. IR spectra (neat), cm-I: 1017 (Me-O-P), 1277 (P=O), 1956 
(C=C=C). 'H NMR spectra (CDCl,), 6: 1.76 (s, 6H, 2Me), 2.68-2.87 (m, 
2H, CH,), 3.57 (d, 3JHp 10.9 Hz, 6H, 2Me0), 7.8-8.5 (m, 5H, PhCH2). 

Diphenyl (l-benzyl-3-methyl-l,2-butadienyl) phosphine oxide (4) 

The compound was synthesized from the lithio derivative A of the diphe- 
nyl (3-methyl- 1,2-butadienyl) phosphine oxide 2a and benzyl chloride by 
heating to 50°C for 6h. Eluent for preparative TLC: 
benzene:ethylacetate = 2: 1. M.p. 75-76 "C; C24H23OP, Calcd., %: P 8.64; 
Found, %: P 8.81. IR spectra (nujol), cm-l: 1168 (P=O), 1959 (C=C=C). 
'H NMR spectra (CDCI,), 6: 1.81 (s, 6H, 2Me), 2.71-2.90 (m, 2H, CH2), 
7.54-7.64 (m, 10H, 2Ph-P), 8.0-8.6 (m, 5H, mCH2). 
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270 VALERIJ CH. CHRlSTOV and BORIS PRODANOV 

2-Methyl-2,3,6-heptatriene-4-phosphonic dimethyl ester (5) 

The compound was synthesized from the lithio derivative A of the 
3-methyl- 1,2-butadienephosphonic dimethyl ester la and ally1 bromide by 
heating to 50°C for 6h. Eluent for preparative TLC: 
hexane:ethylacetate = 3:l. Oil, CI0H1,O3P, Calcd., %: P 14.33; Found, %: 
P 14.24. IR spectra (neat), cm-': 1001 (Me-O-P), 1286 (P=O), 1953 
(C=C=C). 'H NMR spectra (CDCI3). 6: 1.79 (s, 6H, 2Me), 2.66-2.87 (m, 
2H, CH2), 3.60 (d, 3 J ~ p  10.8 Hz, 2Me0), 4.80-6.17 (m, 3H, CH=CH2), 

l-Cyclohexylidene-l-pentene-4-yne-2-phosphonic dimethyl ester (6) 

The compound was synthesized from the lithio derivative A of the 
cyclohexylidene-ethene-phosphonic dimethyl ester lb and propargyl bro- 
mide by heating to 50°C for 5h. Eluent for preparative TLC: 
hexane:ethylacetate = 3: I .  Oil, C13H1903P, Calcd., %: P 12.18; Found, %: 
P 12.14. IR spectra (neat), cm-': 1032 (Me-O-P), 1288 (P=O), 1952 
(C=C=C), 2103 (C=C), 3308 (HCe). 'H NMR spectra (CDCI,), 6: 1.61 
and 2.23 (s, s, 6H and 4H, cyclohexylidene), 2.54 (s, 1 H, HCr), 2.72-2.89 
(m, 2H. CH2), 3.57 (d, 3JHp 11.0 Hz, 6H, 2Me0). 

3-Methyl-l-phenylthio-1,2-butadienephosphonic dimethyl ester (7) 

The compound was synthesized from the lithio derivative A of the 
3-methyl- 1,2-butadienephosphonic dimethyl ester l a  and phenylsulfenyl 
chloride. Eluent for preparative TLC: hexane: ethylacetate = 2: 1. Oil, 
CI3Hl,O3SP, Calcd., %: P 10.89, S 11.28; Found, %: P 10.74, S 11.47. IR 
spectra (neat), cm-': 1008 (Me-O-P), 1274 (P=O), 1956 (C=C=C). 'H 
NMR spectra (CDCI,), 6: 1.79 (s, 6H, 2Me), 3.54 (d, ,JHP 10.9 Hz, 6H, 
2Me0), 7.38-7.59 (m, 5H, PhS). 

Diphenyl(3-methyl-l-phenylthio-1,2-butadienyl) phosphine oxide (8) 

The compound was synthesized from the lithio derivative A of the diphe- 
nyl (3-methyl- 1,2-butadienyl) phosphine oxide 2a and phenylsulfenyl 
chloride. Eluent for preparative TLC: hexane: ethy1acetate:ether = 2: 1: 1. 
M.p. 103-104 "C; C23H210PS, Calcd., %: P 8.23, S 8.52; Found, YO: P 
8.14, S 8.47. IR spectra (nujol), cm-I: 1270 (P=O), 1958 (C=C=C). 'H 
NMR spectra (CDC13), 6: 1.83 (s, 6H, 2Me), 7.43-7.55 (m, 5H, PhS), 
7.51-7.63 (m, 10H, 2Ph-P). 
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ALLENEPHOSPHONATE 27 I 

Phenylseleno-cyclohexylidene-ethenephosphonic dimethyl ester (9) 

The compound was synthesized from the lithio derivative A of the 
cyclohexylidene-ethene-phosphonic dimethyl ester lb and phenylselene- 
nyl chloride. Eluent for preparative TLC: ch1oroform:ethylacetate: 
ether = 2: 1: 1 .  M.p. 110-1 11 "C; C16H2103PSe, Calcd.. %: P 8.34; 
Found, %: P 8.21. IR spectra (nujol), cm-l: 986 (Me-0-P), 1286 (P=O), 
1952 (C=C=C). 'H NMR spectra (CDCI,), 6: 1.58 and 2.2 (s, s, 6H and 
4H, cyclohexylidene), 3.61 (d, ,JHP 10.7 Hz, 6H, 2Me0). 7.367.51 (m, 
5H, PhSe). 

Methylsulfinyl-cyclohexylidene-ethenephosphonic dimethyl ester (10) 

The compound was synthesized from the lithio derivative A of the 
cyclohexylidenylethene-phosphonic dimethyl ester lb and methanesulfi- 
nyl chloride. Eluent for preparative TLC: hexane:ethylacetate = 2: 1. Oil, 
CI,HI9O4PS, Calcd., %: P 11.13, S 11.52; Found, %: P 11.05, S 11.64. IR 
spectra (neat), cm-': 991 (Me-0-P), 1071 (S=O), 1286 (P=O), 1950 
(C=C=C). 'H NMR spectra (CDC13), 6: 1.6 and 2.18 (s, s, 6H and 4H, 
cyclohexylidene), 2.69 (s, 3H, MeS=O), 3.53 (d, 3JHp 11.3 Hz, 6H, 
2Me0). 

3-Methyl-1 -(trichloromethyl)sulfinyl-1,2-butadienephosphonic 
dimethyl ester (11) 

The compound was synthesized from the lithio derivative A of the 
3-methyl-l,2-butadienephosphonic dimethyl ester la and trichlorometh- 
anesulfinyl chloride. Eluent for preparative TLC: 
hexane:ethylacetate = 4: 1. Oil, C,H,204SPC13, Calcd., %: P 9.07, S 9.39, 
C13 1.14; Found, %: P 9.04, S 9.44, CI 30.96. IR spectra (neat), cm-': 988 
(Me-0-P), 1059 (S=O), 1266 (P=O), 1952 (C=C=C). 'H NMR spectra 
(CDCI,), 6: 1.77 (s, 6H, 2Me), 3.49 (d, ,JHP 11.1 Hz, 6H, 2Me0). 

3-Methyl-l-(trimethylsilyloxy)sulfonyl-1,2-butadienephosphonic 
dimethyl ester (12) 

The compound was synthesized from the lithio derivative A of the 
3-methyl- 1,2-butadienephosphonic dimethyl ester la and trimethylsi- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
8
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1
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lylchlorosulfate. Eluent for preparative TLC: chloroform: 
ethylacetate = 2: 1. Oil, C1oH2,0&PSi, Calcd., %: P 9.43, S 9.76; 
Found, %: P 9.54, S 9.82. IR spectra (neat), cm-I: 849 (Si-0-S), 1004 
(Me-0-P), 1186 (vs SO& 1274 (P=O), 1319 (vas SO2), 1954 (C=C=C). 'H 
NMR spectra (CDC13). 6: 0.23 (s, 9H. Me3SiO), 1.79 (s, 6H, 2Me), 3.59 
(d, 3JHp 11.3 Hz, 6H, 2Me0). 

Diphenyl [3-methyl-l-(trimethylsilyloxy)sulfonyl-l,2-bu~dienyl] 
phosphine oxide (13) 

The compound was synthesized from the lithio derivative A of the diphe- 
nyl (3-methyl- 1,2-butadienyI) phosphine oxide 2a and trimethylsilylchlo- 
rosulfate. Eluent for preparative TLC: hexane:ethylacetate:ether = 3: 1 : I .  
M.p. 96-97 "C; CzOH2,O4PSSi, Calcd., %: P 7.37, S 7.63; Found, %: P 
7.54, S 7.82. IR spectra (nujol), cm-I: 853 (Si-0-S), 1191 (v, SO2),  1278 
(P=O), 1317 (vas SO2), 1958 (C=C=C). 'H  NMR spectra (CDCI,), 6: 0.23 
(s, 9H, Me3SiO), 1.85 (s, 6H, 2Me), 7.55-7.63 (m, 10H, 2Ph-P). 
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