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Solid Phase Phosphorus Reagents. 
Conversion of Alcohols to Alkyl Chlorides' 
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The reaction of triphenylphosphine with primary and 
secondary alcohols in carbon tetrachloride constitutes a 
mild and efficient method for conversion of the alcohols 
into the corresponding alkyl chlorides.2 

We wish to  describe a modification of the above reaction 
which requires only a filtration and evaporation process for 
product isolation. Our method is based upon the use of the 
polystyryl-diphenylphosphine resin 1 as the phosphorus 
reagent.3p4 The convenience afforded by the use of 1 is 
demonstrated by the conversion of 1-undecanol to l-chlo- 
roundecane. After heating a carbon tetrachloride solution 
of 1-undecanol for 2 hr at 80° in the presence of an excess 
of 1, the oxidized phosphine polymer, 2, was filtered. Sol- 
vent containing chloroform was then removed under re- 
duced pressure, leaving a 99% isolated yield of l-chloroun- 
decane as a colorless liquid which was spectroscopically 
identical with an authentic sample. 

I -  
CCI, + CH,(CH,),CH,OH - 

1. 
polystyryl-diphenylphosphine- 

2% divinylbenezene 

2 
Further examples of the use of 1 are illustrated in Table 

I. Heitz has recently reported that polymeric phosphine ox- 
ides similar to 2 can be readily reduced to the phosphine 
form with t r ichl~rosi lane.~ We have found the reduction of 
2 to  1 feasible using similar procedures. 

The advantages of this method for the conversion of al- 
cohols to alkyl chlorides lie in its simplicity, its ability to be 
carried out under neutral pH, and its facile regeneration of 
the polymer reagent. 

Experimental Section6 
General Methods. Unless stated otherwise, all reagents were 

obtained commercially and were used without further purification. 
Cross-linked polystyrene beads (2% divinylbenzene, 200-400 
mesh) were obtained from Bio-Rad Laboratories and were used 
without further purification. Chlorodiphenylphosphine (Aldrich 
Chemical Co.) was distilled before use. Trichlorosilane (Aldrich 
Chemical Co.) was used without purification. Tetrahydrofuran and 

benzene were dried by distillation from sodium and benzophenone 
under a nitrogen atmosphere. Carbon tetrachloride (spectrophoto- 
metric grade, Aldrich Chemical Co.) was dried by passage through 
a short column of alumina. All glassware was oven dried (100') 
prior to use. Elemental analyses were performed by Midwest Mi- 
crolab, Indianapolis, Ind. 

Bromination of Cross-Linked Polystyrene. Cross-linked 
polystyrene (2% divinylbenzene, 200-400 mesh) was brominated 
employing a procedure identical with that described by R e l l e ~ . ~  El- 
emental analysis indicated that 71% of the phenyl rings contained 
bromine (Anal. Found: Br, 35.53). 
Polystyryl-diphenylphosphine (1). Lithium wire (9.8 g, 1.4 

mol, cut into 0.25-in. lengths) was placed in a 500-ml round-bot- 
tomed flask equipped with a No-Air stopper and a Teflon-coated 
magnetic stirring bar. The flask was thoroughly degassed under a 
stream of nitrogen and a dry solution of 100 g (0.55 mol) of chloro- 
diphenylphosphine in 250 ml of tetrahydrofuran was added via 
forced siphon through a stainless steel cannula under a nitrogen 
atmosphere. The mixture was stirred for 12 hr a t  room tempera- 
ture, and the liquid phase was transferred via cannula into a 500- 
ml round-bottomed flask equipped with a No-Air stopper and Tef- 
lon-coated magnetic stirring bar which contained a degassed mix- 
ture of 50 g of 2% cross-linked brominated polystyrene (71% ring 
substitution) preswelled in 250 ml of tetrahydrofuran. The mix- 
ture was stirred for 24 hr a t  room temperature, hydrolyzed with 
degassed acetone-water (3:1), and filtered, and the resin was then 
washed with water, acetone, chloroform, benzene, and anhydrous 
ether. The polymer beads were dried under vacuum (6 hr, loo', 
0.05 mm). Elemental analysis indicated that 79% of the phenyl 
rings of the polymer backbone contained diphenylphosphine 
groups (Anal. Found: P,  9.87).73s 

General Procedure for Small-scale Reactions. Procedures 
similar to that described for the conversion of 1-octanol to l-chlo- 
rooctane were followed for all of the small-scale reactions de- 
scribed in Table I. A mixture of 65 mg (0.5 mmol) of l-octanol, 200 
mg (0.64 mmol of phosphorus) of 1, 2 ml of carbon tetrachloride, 
and an internal standard were placed in a 5-ml round-bottomed 
flask equipped with a reflux condenser and a Teflon-coated mag- 
netic stirring bar. The flask was maintained under a nitrogen at- 
mosphere, and was placed in an oil bath (SO') for 2 hr, withdrawn, 
and cooled. The liquid phase was analyzed by GLC using a Car- 
bowax on Chromosorb P column. 

Conversion of 1-Undecanol to 1-Chloroundecane. A mixture 
of 3.10 g (18 mmol) of 1-undecanol, 10.0 g (32 mmol of phosphorus) 
of 1, and 50 ml of carbon tetrachloride was placed in a 100-ml 
round-bottomed flask equipped with a reflux condenser and a Tef- 
lon-coated magnetic stirring bar. The flask was maintained under 
a nitrogen atmosphere and was placed in an oil bath (80') for 2 hr, 
withdrawn, cooled to room temperature, and filtered. The resin 
was washed with 75 ml of carbon tetrachloride and the combined 
filtrate was concentrated by rotary evaporation, leaving a colorless 
liquid which was found to be 1-chloroundecane (3.42 g, 99%) hav- 
ing NMR and ir spectra indistinguishable from those of an authen- 
tic sample. 

Regeneration of 1 from 2. Polymer 2 (5.0 g, 16 mmol of phos- 
phorus) was placed in a 100-ml round-bottomed flask equipped 
with a No-Air stopper and Teflon-coated magnetic stirring bar. A 
solution of trichlorosilane (13.0 g, 96 mmol) in 20 ml of benzene 
was added to the flask via syringe followed by 7.2 g (71 mmol) of 
triethylamine while stirring in an ice-water bath. The flask was fit- 
ted with a reflux condenser and heated for 170 hr a t  80'. The mix- 
ture was filtered and the beads were washed successively with ben- 
zene and tetrahydrofuran. The beads were then added to 250 ml of 

Table I 
Conversion of Alcohols to Alkyl Chlorides'" 

Alcohol Registry no. Alkyl Chloride Registry no. Yield,b % 
~ ~~~- 

1-Decanol 112-30-1 1 -C hlorodecane 1002-69- 3 89  
1 - Unde c an01 112-42-5 1 -C hlor oundecane 2473-03-2 80  (99)' 
1 - Dod ec anol 112-53-8 1 - C hlor odod ecane 112-52-7 71 
1-01: tanol 111-87-5 1-Chlorooctane 111-85-3 90  
Benzyl alcohol 100-51-6 Benzyl chloride 100-44 - 7 99 
Cyclohexanol 108-93-0 C hlorocyclohexane 542-18-7 60 
Cycloheptanol 502-41-0 C hlor oc ycloheptane 2453-46-5 92 

a Unless noted otherwise, reactions were carried out using procedures similar to that described for the chlorination of 1-octanol. * Yields 
based on the alcohol were obtained by GLC. Isolated yield from a large-scale reaction. 
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a 20% sodium hydroxide solution, stirred for 4 hr at room tempera- 
ture, filtered, and added to 500 ml of 0.5 N sodium hydroxide in 
tetrahydrofuran. After stirring for an additional 4 hr, the resin was 
filtered, washed with tetrahydrofuran, and dried under vacuum (6 
hr, looo, 0.1 mm). Reaction of regenerated 1 with 1-undecanol 
using the small-scale procedure produced a 76% yield of l-chlo- 
roundecane. 
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Synthetic efforts to date3 have concentrated on the con- 
struction of a-methylene-y-butyrolactones with almost no 
attention being devoted to the homoaIlylic oxygenated a- 
methylene-y-butyrolactones. Two recent publications have 
reported syntheses of the oxygenated a-methylene lactones 
I* and TL5 Interest in such oxygenated a-methylene lac- 
tones stems from recent studies6 which have demonstrated 
that the presence of a lipophilic, conjugated ester or halo 
ester situated homoallylic to the exocyclic double bond of 
many naturally occurring a-methylene-y-butyrolactones 
contributes to the enhancement of cytotoxic activity. Such 
oxygenated a-methylene lactone structural types are com- 
monly found fused to six-, seven-, and ten-membered 
rings.3 

Me 

w0 OH CH, m0 bAc 'HZ 

I I1 

We wish to detail here a method for the construction of 
oxygenated a-methylene-y-butyrolactones fused to five- 
and six-membered rings of type I. The method is applica- 
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ble to other ring systems as well.7 As illustrated in Scheme 
I, the approach involves the position-specific addition of 
dichloroketene8 to an appropriate diene followed by de- 
chlorination. Baeyer-Villiger oxidation results in formation 
of an olefinic y-butyrolactone, which when subjected to the 
conditions of saponification and subsequent iodolactoniza- 
tion results in formation of the oxygenated y-butyrolactone 
structural unit. Deiodination is cleanly carried out on the 
free hydroxy lactone followed by methylenation of the y- 
lactone ring. 

Addition of dichloroketene to cyclopentadiene followed 
by dechlorination and Baeyer-Villiger oxidation as pre- 
viously describedg results in the formation of the bicyclic 
lactone 4. Saponification of 4 in water followed by neutral- 
ization with carbon dioxide and treatment with potassium 
triiodide a t  5' causes iodolactonization with formation of 5 
(95%). Deiodination of 5 using tributyltin hydride (initia- 
tion with azobisisobutyronitrile) in benzene a t  an elevated 
temperature affords hydroxy lactone 6 (91%). Protection of 
the free hydroxyl of 6 as its tetrahydropyranyl ether 7 fol- 
lowed by methylenation employing the a-hydroxymethyla- 
tion procedure for lactone enolateslO produces the oxygen- 
ated a-methylene-y-butyrolactone 8. During the elimina- 
tion (anhydrous pyridine, ca. 130') of the mesylate derived 
from the hydroxymethylated derivative of lactone 7, simul- 
taneous formation of the a-methylene unit and cleavage of 
the tetrahydropyranyl ether occur.ll 
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