
This article was downloaded by: [Stony Brook University]
On: 31 October 2014, At: 08:23
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

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

A Convenient Synthesis of
Cycloalkylphosphonates from
(Phenylsulfonyl)methylphosphonate
Dae Young Kim a & Ki Hyung Suh a
a Department of Chemistry , Soonchunhyang
University , Asan, P. O. Box 97, Chungnam, 336-600,
Korea
Published online: 20 Aug 2006.

To cite this article: Dae Young Kim & Ki Hyung Suh (1998) A Convenient Synthesis
of Cycloalkylphosphonates from (Phenylsulfonyl)methylphosphonate, Synthetic
Communications: An International Journal for Rapid Communication of Synthetic
Organic Chemistry, 28:1, 83-91, DOI: 10.1080/00397919808005076

To link to this article:  http://dx.doi.org/10.1080/00397919808005076

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919808005076
http://dx.doi.org/10.1080/00397919808005076


losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

St
on

y 
B

ro
ok

 U
ni

ve
rs

ity
] 

at
 0

8:
23

 3
1 

O
ct

ob
er

 2
01

4 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 28(1), 83-91 (1998) 

A CONVENIENT SYNTHESIS O F  
CYCLOALKYLPHOSPHONATES FROM 

(PHENY LSULFONY L)M ETHI'LPHOSPHONATE 

Dae Young Kim' and Ki Hyung Suh 

Department of Chemistry, Soonchunhyang University, 
Asan P. 0. Box 97, Chungnam 336-600, Korea 

Abstract : Cycloalkylphosphonate derivatives were synthesized in excellent 
overall yields, in two steps by the bis-alkylation of (phenylsulfonyl)methyl- 
phosphonate with w-dibromoalkanes in the presence of a phase transfer catalyst 
followed by desulfonation. 

Phosphonate derivatives are of importance in orsanic chemistry because of their 

use as intermediates for the preparation of alkene derivatives by the Horner- 

Wadsworth-Emmons condensation' and in the fields of pharmaceuticals and 

agochemicals owing to their biological activities.' Although a number of 

synthetic methods of unsubstituted cycloalkylphosphonates have been developed 

* To whom correspondence should be addressed 
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84 KIM AND SUH 

with the goal of providing a route this class of compounds, they have limitations 

in terms of the conditions employed and yields, 

Cycloalkylphosphonates have been prepared, in moderate yields, by the peroxide 

initiated free radical reaction of dialkyl phosphites with cycloalkenes.3 The 

alcoholysis of chloroaluminate complexes which are obtained from the reaction 

of phosphorus trichloride with cycloalkyl chlorides in the presence of aluminum 

trichloride, leads to cycloalkylphosphonates in moderate yield.' They are also 

obtained by desulfonation of (1 -alkylthio)cycloalkyIphosphonates, which result 

from the reaction of cycloalkane dithiols with trialkyl ph~sphites.~ Recently, 

cycloalkylphosphonates were obtained by the alkylation of trichloromethyl- 

phosphonates with w -dibromoalkanes, via the corresponding a-trimethylsilyl 

cycloalkylphosphonates6 or electrochemical alkylation of trichloromethyl- 

phosphonate in the presence of w-dibromoalkanes.' 

Herein, we report a two step synthesis of cycloalkylphosphonates (3) starting 

from (phenylsulfonyl)methylphosphonate (l) ,  which is easily available.' It was 

performed by the bis-alkylation of (phenylsulfonyl)methylphosphonate (1) with 

o-dibromoalkanes in the presence of base followed by desulfonation.' The 

(phenylsiilfonyl)methylphosphonate (1) was treated with aqueous NaOH and w- 

dibromoalkane in the presence of dodecyltrimethylammonium chloride as a phase 

transfer catalyst. Reaction mixture was stirred for 20 h at room temperature, 

affording (phenylsulfonyl)cycloalkylphosphonate (2) in excellent yields. The 
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CY C LOALKY LPHOSPHONATES 85 

Scheme 1 i, aq. NaOH, Br-(CH2)”-Br, dodecyltrimethylammoniurn chloride, rt, 20 h. 

ii, Mg, cat. HgCI:, EtOHPTHF(Yl), rt, 12 h.  

Table I .  Synthesis of 1 -(Phenylsulfonyl)cycloalkylphosphonates (2) 
and Cycloalklyphosphonates (3) 

Dihaloalkane % Yielda of 2 %Yieldh of 3 

B r-(C H2)s-Br 98 94 

C I-( C H2)d-C I 88 95 

Br-(C H2)3-Br 88 96 

97 c/s-C IC H*CH=C HC H2C I 88 c”,: 98 96 

Br(Me)CH-( C H&-Br 95 95 

Isolalcd > iclds are bascd on (plicii) Isulfoii~l)iiiclli~IpIiosplio~ia~c (1) 

’’ Isolatcd ! iclds arc bascd on (plicn~lsulfoii~l)c~clo;iIk~~lpliosphonates (2) 
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86 KIM AND SUH 

cyclized adducts 2 were efficiently desulfonylated using magnesium in the 

presence of HgCh in EtOH/THF (3:  1) at room temperature over 12 h. 

Partitioning of the residue between water-ethyl acetate afforded the 

corresponding cycloalkylphosphonates (3) in excellent yields. The operational 

simplicity and overall efficiency of the two-step procedure make it competitive 

with other approaches using alkylation of trichloromethylphosphonate. The 

present synthetic route is recommended as a practical preparation of 

cycloalkylphosphoantes (3). 

Experimental Section 

H and liC NMR were measured at 200 and 50 MHz respectively, in CDCl3 with 

TMS as internal standard. Mass spectra were recorded on HP 5985A or Jeol 

HXl  OO/HX I 10. Column chromatography was performed on Merck silica gel 60 

(230-400 mesh). 

1 

Synthesis of 1-(Phenylsulfonyl)cyclodkylphosphonates (2) - A suspension of 

dodecyltriniethylammonium chloride (O.Glg, 20 mmol) in 50% aqueous NaOH 

(61nL) was treated with a solution of diethyl (phenyl sulfony1)methylphosphonate 

(1, 2.0 mmol) in o-dibromoalkane(4mL), The reaction mixture was stirred 

vigorously at room temperrature for 20 h and then poured into methylene 

chloride(20mL) and water added until all solid had dissolved. The organic layer 
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CYCLOALKY LPHOSPHONATES 87 

was washed with water and brine, dried over MgS04, and concentrated. The 

residual oil was purified by silica gel column chromatography. 

Diethyl 1 -( phenylsulfonyl)cyclobutylphosphonate 'H Nh4R (CDC13, 200MHz) 

6 1.21(t, J=7 Hz, 6H, m-CH20),  2.21-3.1(m, 6H, H-ring), 4.08(m, 4H, 

CH3B-O), 7.49-7.68(m, 3H, Ph), 7.95-8.07(m, 2H, Ph); I3C NMR (CDC13, 

50MHz) 6 16.27(d, J=5.7), 25.95(d, .I 4.35), 63.20(d, J=6.6), 128.4, 130.2, 

133.7; MS(m/z) 332(M',1. l), 191(28), 163(21), 135( 100). 

Diethyl 1 -(phenylsulfonyl)cyclophentylphosphonate 'H NMR (CDCL, 200MHz) 

6 1.22(t, ./=7 Hz, 6H, CH_3CH20), 1.65-2.70(m, 8H, H-ring), 4.1 l(m, 4H, 

CH:C!&O), 7.48-7.65(m, 3H, Ph), .Oi-8.O8(1n, 2H, Ph); "C NMR (CDCI?, 

5OMHz) 6 16.23(d, ./=6), 26.74(d, J=4), 32.17, 63.16(d, J=6.9), 128.29, 130.87, 

133.70; MS(n?/l) 346(M',0.8), 205(48), 149(42), 67( 100). 

Diethyl 1 -(phenylsulfonyl)cyclohexylphosphonate 'H NMR (CDCI;, 200MHz) 

6 1.67(t, .J=7 Hz, 6H. CH_?CHlO ), 1.20-2.30(m, 10H, H-ring), 4.08(m, 4H. 

CHL&O), 7.40-7.65(m, 3H, Ph), 7.92-8.10(1n, 2H, Ph); I3C NMR (CDC13, 

5 o M z )  6 16.23(d, J=5.9), 21.30(d, &3.1), 24.25, 26.95, 62.98(d, ./=6.9), 

128.12, 131.03, 133.53; MS(m,z) 360(M',2.0), 219(38), 163(25), 81(100). 

Diethyl 1 -(phenylsulfonyl)-3-~yclopentenylphosphonate 'H NMR (CDCI;, 

200MHz) 6 1.27(t, ./=7 Hz, 6H, CHlCHzO ), 3.01-3.68(m, 4H, H-ring), 4.17(m, 

4H, CHXHzO), 5.54(s, 2H, -CH=CH-), 7.42-7.68(m, 3H, Ph), 7.95-8.03(m, 

2H, Ph); "C NMR (CDCI3, 5OMHz) 6 16.24(d, ./=6), 38.89, 62.98(d, ./=6.9), 
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88 KIM AND SUH 

127.57, 128.38, 130.71, 133.85; MS(m:z) 344(M',2.1), 203(78), 175(21), 

147(100). 

Diethyl 1 -(phenylsulfonyl)-2,3-dihydro- 1 H-inden-2-ylphosphonate 'H NMR 

(CDCI?, 200MHz) 6 1.22(t, J=7 Hz, 6H, CH_3CH20) , 3.6-3.95(m, 4H, H-ring), 

4.17(m, 4H, CH&120), 7.06(s, 4H, Ph), 7.3-7.65(m, 3H, Ph), 7.9-8.0(m, 2H, 

Ph); "C NMR (CDCI3, 50MHz) 6 16.20(d, J 6), 38.41, 63.63(d, .1=6.8), 

123.81, 127.02, 128.32, 130.50, 133.85; MS(w'Z) 394(M',11,2), 253(69), 

197(52), 115(100). 

Diethyl I -(phenylsulfonyl)-2-methylcyclopentylphosphonate 'H NMR (CDCI?, 

200MHz) 6 1.29(m, 9H, CH_iCH20,-CH(CH:)-CH2-), I .4-3.85(m, 7H, H-ring), 

4.06(m, 4H, CH&!&O), 7.4-7.7(m, 3H, Ph), 8.0-8.2(m, 2H, Ph); "C NMR 

(CDCI?, SOMHZ) 6 16.12(d, J 6.2), 16.23(d, ./=5.9), 26.49(d, &5.1), 33.03, 

63.21(d, .1=7), 128.31, 130.88, 134.01; MS(ni2) 36O(M',7.0), 219(28), 163(12), 

Sl(l00). 

Synthesis of cycloalkylphosphonates (3)- A mixture of 1-(phenylsulfonyl) 

cycloalkylphosphonates (1 .O mmol), Mg (0.128, 5 mmol, powder, -5Omesh), and 

a catalytic amount of HgCh in EtOH-THF(3/1, 10mL)was stirred for 12 h at 

room temperature. The reaction mixture was poured into cold 0.5N HCI solution 

and extracted with ethyl acetate The organic layer was washed with saturated 

aqueous NaHC03 solution, dried anhydrous MgSO,, filtered, and concentrated. 
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CY CLOALKY LPHOSPHONATES 89 

The residual oil was purified by flash column chromatography using ethyl 

acetate/ hexane (111) as an eluent. 

Diethyl cyclobutylphosphonate 'H N M R  (CDC13, 200MHz) 6 1.3 l(t. ./=7 Hz, 

6H, CH_?CH20), 1.96-2.51(m, 6H, H-ring), 2.70(m, lH, HC-P), 4.05(m, 4H, 

CH,CH,O); 13C NMR (CDCI3, SOMHZ) 6 16.58, 20.17(d, J=18), 22.53(d, ./=6.2), 

29.66, 61.55; MS(ni/z) 192(Mt,2.0), 167(23), 149(89), 43(100); HRMS: calcd 

for CXH17O3P 192.091 5, found 192.0909. 

Diethyl cyclopentylphosphonate 'H NMR (CDCI;, 200MHz) 6 1.3 I(t, .1=7 Hz, 

6H, CH3CH20), 1.45-2.18(m. 9H, H-ring), 4. I O ( m ,  4H, CH.&&O); "C NMR 

(CDCI?, SOMHZ) 6 16.Sl(d, ./=5.75), 26.30(d, . /= I  l.9), 27.04, 29.66, 35.OS(d, 

./=145.85), 61.43(d, ,I 6.6); MS(m z )  206(M',0.9), 167( I 8), 149(45); HRMS: 

calcd for C9H1903P 205.0994, found 205.098 1. 

Diethyl cyclohexylphosphonate 'H NMR (CDClj, 200MHz) 6 1.29(t, ,/=7 Hz, 

6H, CH_;CH20), 1.4-2.l(m, 1 1H, H-ring), 4.05(m, 4H, CH3CH20); -- I3C NMR 

(CDC13, SOMHZ) 6 16.49(d, ,/=5.7), 25,83(d, ./=4.6), 26.26, 29.66, 35.68(d, 

./=141.7), 

HRMS: calcd for CIoH210;P 220.1228, found 220.1267. 

Diethyl 3-cyclopentenylphosphonate 'H NMR (CDCIj, 200MHz) 6 1.32(t, J=7 

Hz, 6H, =.CH20), 2.41-2.70(m, 5H, H-ring), 4.12(m, 4H, CH&&O), 5.69(s, 

2H, -Cl-I=CH-);''C NMR (CDCI3, 50MHz) 6 16.52(d, ./=5.8), 29.68, 3 I .  19, 

33.77, 61.72 129.27(d, J 10.55); MS(m z )  204(Mt,1.0), 149(78), 71(25), 

61.38(d, ./=6.8); MS(1175) 220(M',0.8), 221(20), 149(25), 81(64); D
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90 KIM AND SUH 

57(70); HRMS: calcd for C ~ H I - I O ~ P  204.0915, found 204.0910. 

Diethyl 2,3-dihydro-l H-inden-2-ylphosphonate 'H NMR (CDC13, 200MHz) 

6 1.3 1 (t. ./=7 Hz, 6H, CH_;CH20), 2.7-3.4(m, 5H, H-ring), 4.12(m, 4H, 

CH&H20), 7.11-7.3(m, 4H, Ph); "C NMR (CDCI?, SOMHz) 6 16.5(d, ./=S.X), 

29.68, 33.82, 36.60, 61.7S(d, ./=6.70), 124.28, 126.59; MS(1i7.z)  254(M', 

1.4), 116(68), 83(28), 57(83); HRMS: calcd for C I ~ H I ~ O ~ P  254.1071, found 

254.1054. 

Diethyl 2-methylcyclopentylphosphonate ' H  N M R  (CDCI;, 200MHz) 6 I. 1 I (t ,  

./=7 Hz, 3H, -CH(CH?)-CH2-), I .32(t, .1=7, 6H, CH,CH20), 1.4-2.4(m, SH, H- 

ring), 4.10(m, 4H, CH3CH20); '.'C NMR (CDCI?, SOMHz) 6 16.13(d, ./=S.6), 

16.30(d, ./=6.1), 26.42(d, k 5 . 4 )  28.01, 29.31, 35.19, 63.34(d, ./=6.7); MS(mz) 

220(M',I .6), 149(48), I 1  1(24), 83(29); HRMS: calcd for ClnH2103P 220.1228, 

found 220.1212. 
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