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DESIGN AND REACTIVITY OF ORGANIC FUNCTIONAL GROUPS: 

THE HIGHLY CRYSTALLINE 2-ALKOKY N,N’-DIPHENY~-~,~,~-DIA~A- 

PHOSPHOLANES AND THEIR FACILE CONVERSION INTO ALKYL HALIDES1 

Stephen Hanessian*, Yves Leblanc and Pierre Lavallge** 

Department of Chemistry, University of Montreal 

Montreal, Qugbec, CANADA H3C 3Vl 

Functionalization of alcohols as 2-alkoq N,N’-diphenyl-1,3,2-diazaphospholanes af.fords 

highly crysta%Zine derivatives use.ful for charactemIzation purposes. These tervatent 

phosphorus derivat7:ves undergo faci%e and mild conversion into the correspond?:np atkyul 

halides with inversion of conf?:gurat?:on. 

The formation of an alkyl halide from an alcohol or appropriate derivative consti- 

tutes one of the more preparatively useful reactions involving this functional group. 2A 

number of these involve organophosphorus intermediates. 
3 

Our continued interest in manipu- 

lating the hydroxyl group by designing novel organic functional groups and studying their 

reactivity4 has led to the development of N,N '-diphenyl-1,3,2_diazaphospholanes 
5 
as stable 

derivatives of alcohols and their utility in further transformations based on the known 

reactivity trends of tervalent organophosphorus compounds. 
6 
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We find that such alkoxy diazaphospholanes are invariably highly crystalline deriva- 

tives which can be extremely useful in the crystallization and characterization of a large 

variety of alcohols (Table 1). Such derivatives can be easily formed from equimolar amounts 

of the alcohol and 2-dimethylamino N,N'-diphenyl-1,3,2_diazaphospholidine 7'8 by heating in 

toluene at 85”. A variety of functional groups including esters are compatible with these 

conditions. In many instances, the products crystallize upon evaporation of the reaction 

mixture. Alternatively, they can be easily isolated by column chromatography and have 

excellent shelf-life. Regeneration of the alcohol can be effected by treatment of the deri- 

vative with 50% aq. acetic acid at 25" (18 hr) or by methanolysis (reflux). The esters are 

stable under basic conditions (O.lN NaOH, several days). 

In addition to the highly crystalline nature of these derivatives, they are excel- 

lent mediators for the mild and efficient conversion of alcohols into alkyl halides. 

** Present address: Department of Chemistry, Universit; de Sherbrooke, Sherbrooke, O&bec. 
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Table 1 

Alcohol HalIdea Methodb 

C&7 

dP HO 

89%: mp 158.1590 

IaID + 4.40 
a x P 

x=c1, 80% A 

=m, 85% C 

=I, 75% A 

89% : 160’ dec 

lalo + 3.70 
I AT.1 A 

4 
OH 

94%; mp 1450 

A 

A.C 

Ahi 85%; mp 132-1330 

91%; mp 39-400 

61%: 2:1 endo/exo 

Bx 

X=Br, 86% 

=I, 748 

MA 

x=Es, 65% 

=I, 91% 

-OH 

B 

919: mp 70.750 

B 

A MYco2Et 83%; mp 49.5.51° 

["ID -40.70 

92% CC; 70% isolated 

IaID+ 29.@ 

Me-++ 

3O$C 

Ic+H*OH 82$, mp 127-1300 

70%: mp 127.5-129° 

["ID -55.30 

x OML? 
0 

k! A 

0 

Me Me 

70%; mp 114.1150 

[aID - 20.10 

72% 

X=Br, 86% A 

=I, 72% A 

R. Yields are for isolated and characterized products which were found to be identical 
to authentic samples (mp, n.m.r., [al 

R' 
GC, etc); b. See text for procedures; c. Iso- 

lated by distillation; analysis of t e reaction mixture by n.m.r. and GC showed the 
presence of the bromide as a preponderant if not exclusive product. 
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Thus, primary and secondary alkoxyphospholanes are converted into bromides, chlorides and 

iodides by one of three procedures. Inversion oE configuration was observed in all cases 

studied. 
9 

METHOD A 

Br2,00; or S02C12,00 
w X X=Br,Cl,I 

or ?leI, toluene, 85’ 

Ph 

Bromides: The alkoxyphospholane (1 mmole) in 10 ml of dichloromethane is treated at 0" with 

a solution of bromine (1.5 mmole) in the same solvent until the color persists. Evaporation 

and flash column chromatography gives the bromide. 

Chlorides - In the case of SO2C12 ( 1.5 equiv.), the reaction is done in toluene at 0" and 

monftored by t.1.c. until completion (usually complete within 

Iodides - The alkoxyphospholane (1 mmole) in 10 ml of toluene 

iodide (-5 ml) and the solution is heated at 70' for 5-7 hr. 

direct crystallization or chromatography. 

ElETHOD B (one-pot procedure) 

a few minutes). 

is treated with excess methyl 

The product is separated by 

Ph 

RCHZOH + N\P-NMe2 
Me1 ~ 
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CHZC12 
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I 
reflux 
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Iodides - The alcohol (1 mmole), the phospholidine (1.1 mmole) and methyl iodide (3 ml) are 

mixed in 5 ml of dichloromethane and the solution is refluxed Eor 5h. 

METHOD C (sequential addition) 
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t 
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R ; 

Bromides - A solution of the alcohol (1 mmole) and the phospholidine (1.1 ?nrnole) in 10 ml of 

toluene is heated at 85" for 18h. The solvent is evaporated, the residue is dissolved in 10 

Th 
N\ 
N/P-NMeZ - 

i’h Ph 

ml of dichloromethane, and bromine ( 1.2 equiv.) is added at 0" until a faint color 

persists. 

Iodide6 - A solution of the alcohol (1 mmole) and the phospholidine (1.1 mmole) in 10 ml of 

toluene is heated at 85" for 18h. The solvent is evaporated and the residue is dissolved in 

10 ml of dichloromethane containing methyl iodide (-5 ml) and refluxed Eor 5-6h. 

The examples provided in Table I illustrate the structural variety of crystalline 

alkoxyphospholanes, and their facile conversions into halides under mild and essentially 

neutral conditions, particularly with methyl iodide as the halogen source. The alkoxyphos- 

pholanes reported herein could be easily transformed into the corresponding thiophos- 



phoramide derivatives by treatment with elemental sulfur ( 1.1 equiv.) in chloroform. The' 

derivative from 8-cholestanol was thus obtained in quantitative yield, mp 183-184"; 

[a]D+8.3" (CHC13). Treatment with methyl iodide in toluene (85", 2d) gave 

a-iodocholestane in 94% yield. 
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In conclusion, we recommend the N,N'-diphenyl-1,3,2-diasaphospholanyl group as a 

means of obtaining highly crystalline derivatives of alcohols and emphasize their facile 

conversions into alkyl halides. 
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