
SYNTHESIS OF CYCLIC PHOSPHOROUS ACID ESTERS 
BY TRANSESTERIFICATION1 

ABSTRACT 

Five- and sis-~llembered cyclic pl~osphorous acid esters were synthesized by transesterifica- 
tion of phosphites with 1,2- and 1,3-glycols: Diethyl hydrogen phosphite was transestcrified 
to  give cyclic hydrogen phosphites. Partial transesterilication of tris-2-chloroethyl phosphite 
r e s~~ l t ed  in cyclic 2-chloroethyl phosphites. 

Organic phosphites are potelltially important chemicals as antioxidants in the petro- 
leuill and plastics industry (1, 2 ,  3). Their usefulness is limited, honrever, by their hydro- 
lytic instability. Recently, the extreme resistance of cis-1,3-cyclol~es~~lidene phosphate to 
hydrolysis was reported (4). This report together with earlier 1;nowledg-e (5) regarding 
the stability of 2,3-dimethyl-2,3-butylene hydrogen phosphite initiated the present worl; 
of synthesizing new cyclic phosphites. 

SYNTHESIS OF CYCLIC HYDROGEN PHOSPHITES 

One of the carliest methods for synthesizing dial1:yl esters of phosphorous acid is the 
direct esterification (6, 7) by heating phosphorous acid with the appropriate alcohol. 
The first syntheses of cyclic hydrogen phosphites n7e1-e probably accomplished by starting 
from phosphorous acid and various glycols. However, there is little evidence of a single 
pure product being isolated (8). 

Another method for the synthesis of cyclic hydrogen phosphites is the hydrolysis of 
cyclic chlorophospl~ites ( 5 ,  9, 10, 11) or all;yl phosphites (5). Saunders and his co-worlcers 
(12) reported the synthesis of a cyclic secondary diphosphite by reacting phosphorus 
trichloride with an excess of ethylene glycol. 

In the course of this work, the transesterification of diethyl 11ydroge11 phosphite with 
1,2- and 1,3-glycols mas accomplished. When 3-cl~loro-1,2-prop~~lene glycol was used 
for transesterificatioil, the lcno~vil 3-chloro-1,2-propylene hydrogen phosphite or 2- 
hydroxy-4-chloromethyl-1,3,2-dioxaphospholarie (13) was obtained. Analogously, the for- 
mation of other cyclic hydrogen phosphites with five-membered (dioxapl~ospl~olane) and 
six-membered (dioxapl~osphorinane) ring structures was presumed according to the 
follon~ing ccluations: 

RPC-OH 
I + 

R,C-0 I-I 

In the transesterification experiments, 1 mole of 1,2- or 1,3-glycol was used per mole 
of hydrogen phosphite. The reactions were carried out bet~veen 130 and 140' C a t  

'iMa?zz~scripl received Apr i l  23, 1.959. 
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OSWALD: CYCLIC PHOSPHOROUS ACID ESTERS 1499 

120-150 mm. When the liberation of the by-proudct ethanol ceased, the remaining crude 
product was fractionated a t  pressures between 2 and 3 mm. The purified compounds are 
liquids with the exception of the white crystalline 2-hydroxy-5,5-dimethyl-1,3,2-dioxa- 
phosphorinane. Some of the physical and analytical data and the yields of the compounds 
obtained are shown in Table I. 

TABLE I 
Cyclic hydrogen phosphites 

Refractive Phosphorus ( 7 0 )  

B.p. indes Yield 
Formula (" C/mm) (?zL0) Calc. Found (%I  

/O-CHZCH2-0 
H-P \P-H 117-118/2.3 1.4751 28.7 28.2 56 

b-CH,CH,-O/J 
0 0 

*First synthesized by Arbuzov and Zoroastrova (10). 

Unequivocal syntheses of the cyclic butylene hydrogen phosphites were also carried 
out to prove the five- and six-membered ring structures respectively. These syntheses 
started from the appropriate butanediols and phosphorus trichloride. In this manner, 
the corresponding cyclic chlorophosphites (11, 12) were prepared. These compounds 
yielded the cyclic hydrogen phosphites after hydrolysis with the stoichiometric amounts 
of water. 
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I t  can be assumed from the high yielcl of the product of hydrolysis tha t  the water 
attacli results in the selective removal of the chlorine without ring opening. The identity 
of the infrared spectra of the coinpounds obtained in this manner with the butanediol 
transesterification products verifies the assunled five- and six-membered ring structures. 

All the liquid cyclic hydrogen phosphites prepared are highly viscous materials with 
high boiling points. These properties probably indicate intermolecular association as  
show11 by B. A. Arbuzov and Vinogradova (13) in the case of dialkyl phosphites. In the 
case of the hydrogen phosphite tautomer such an association can be depicted as follows: 

This  assumption is supported by the observation tha t  the cyclic hydrogen phosphites 
prepared from the chlorophosphites became viscous only after several days' standing 
after distillation. 

Transesterificatioi~ with ethylene glycol resulted in a con~pound having an identical 
boiling point with the cyclic diethylene diphosphite mentioned previously. 

SYNTHESIS OF CYCLIC I'HOSPHITES 

Transesterification of phosphite esters was first performed by iVIilobendzki and Szulgin 
(14). They prepared propyl- and butyl-diphenyl phosphite from triphenyl phosphite 
by the action of the corresponding sodium alcol~olates according to the following equation : 

(Ph-O),P + NaOR + (Ph-O)?POR + Ph-ONa. 

Some patents claim transesterification of triarylphosphites with alcol~ols (1, 2 ) ;  for 
example, the synthesis of alliyl diary1 phosphites by the following reaction: 

(Ar0)31' + HOR + (Ar0)rPOR + EIOAr. 

A recent German patent (15) claims the transesterification of tris-2-cl~loroethyl phos- 
phite with several alcohols. I-Iowever, in this worli the transesterification reaction with 
polyhydric alcohols was mentioned as giving polymeric products. 

The  reinvestigation of the latter trailsesterification in these laboratories revealed some 
new facts suggesting the forination of monomeric cyclic phosphite esters by partial 
transesterification of tris-2-chloroethyl phosphite with 1,2- and 1,3-glycols. 

I11 previous work, cyclic phosphite esters have also been synthesized from the corre- 
sponding cyclic chlorophosphites, which in turn were prepared from phosphorus tri- 
chloride and diols; in both cases with the help of an  acid-binding agent (pyridine) (10, 
11, 16, 17). 
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OSWALD: CYCLIC PHOSPHOROUS ACID ESTERS 

(R2C),,(OH)2 + PC12 + 2CrHrN - (R2C)./O\PCl + 2CrHrN. HCI 
\o/ 

(R2C)rL'0\P-CI + HOR + CrHjx - (R?C)n'yP-OR + CrHrN.NCI 
\o/ \o/ 

Similar compounds can be synthesized starting with an alkyl dicl~loropl~osphite and a 
diol. 

Cyclic catechol phosphites were prepared by an ailalogous nlethod starting from 
catechol and phosphorus trichloride (18, 1'3). Chloi-oethyl catecllol phosphite was syn- 
thesized by reacting ethyleile oxicle with catechol chlorophosphite according to the 
follo~ving reaction equation (20) : 

The stability of the cyclic phosphite esters is greatest for six-membered rings (10, 11, 
I G ,  17). 

Partial transesterificatioil of 1 mole of tris-2-chloroethyl phosphite with 1 mole of 
1,2- or 1,3-glycol was attempted. At elevated tcmpera t~~re  and reduced pressure about 
2 moles ethylene cl~lorohydrin per inole of phosphite was removed from the reaction 
mixture as indicated by the amount of the distillate in the receiver and the weight loss 
of the reaction mixture. After redistillation, the distillate was identified as ethylene 
chlorohydrin by boiling point, refractive index, and infrared spectrum. The forn~ation 
of five- and six-membered cyclic chloroethyl phosphites is suggestecl according to the 
following general equations: 

The lower glycols used in these reactions were not miscible with the tris-2-chloroethyl 
phosphite, but after stancling a t  room ternperat~~re homogeneous mixtures were obtained. 
For preparative purposes, the reaction was performed by heating the ingredients between 
GO and 100" C in aaczlo, and the ethylene chlorohydrin distilled as it was formed. The  
remaining crude product was fractionated in vaczro >,ielding the purified, colorless cyclic 
chloroethyl phosphites usually as liquids, immiscible with water. Some of the physical 
and analytical data and the yields obtained are shown in Table 11. 
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TABLE I1 
Cyclic 2-chloroethyl phosphites 

Refractive Chlorine 
B.p. index Yield 

Formula (' C/mm) (n?) Calc. Found (%) 

*For data on conlpound prepared by independent synthesis see Experimental part. 
tHighly viscous liquid; tentative formula. For ethylene-2-chloroetliyl pliospllite Arbuzov (10) gives the follo\ving data: b.p. 

78.5-79.5' at  65 m m .  ?L: 1.4755. 
%The greater part of the raw product is polymeric material. \vliich cannot be distilIed. 
§Previously prepared by ICabaclinik (20). \vho found b.p. 107-108° at 2.5 mm and  71: 1.5.130. Catechol-2-chloroethane-phos- 

phonic acid has b.p. 167-170° at 4.5 mm a n d  7r: 1.5502 as reported by Kabachnik and co-workers (21). 

Unequivocal syntheses of the cyclic butylene 2-chloroethyl phosphites were also 
carried O L I ~  to prove the five-membered 1,3,2-dioxaphospholane and the six-membered 
1,3,2-dioxaphosphorinane ring structures respectively. 111 these syntheses the corre- 
sponding cyclic chloropl~osphites (10, 11) were reacted with ethylene chlorohydrin to 
give the cyclic 2-chloroethyl phosphites. 

CI-1,-CH-0 
CH3-FH-0>-Cl + MOC1H2CH2C1 + C,H,Y + I >-OCH,CH,CI + CsHbN. HCI 
CH3-CH-0 CM,-CH-0 

CHZ-CI-I - 0 I - I  - 0 
/ \ 

CH? P-Cl + HOCI-I2CH,CI + CjHsN 4 d/H? \ P-OCH,CH,CI + CsFIsN. HCI 

\ EI 2-6 \ / 
C H 2-0 

In the course of these reactions, i f  carried out below room temperature, Arbuzov 
transformation and ring opening are not likely to occur. Therefore, the identity of the 
infrared spectra of the compounds with the correspo~ldi~lg transesterification products 
supports the presence of the cyclic phosphite structures. A further indication of this 
structure is given by the cornparis011 of the boiling point and refractive index of the 
catechol transesterification product with catechol 2-chloroethyl phosphite prepared by 
ICabachnik (20) from catechol chlorophosphite. 
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EXPERIMEXTAL 

Preparation of Cyclic Hydrogen Phosphites by Tra~zsesterificat.ian 
Diethyl hydrogen phosphite (27.6 g, 0.2 m (mole)) and 1,2- or 1,3-glycol (0.2 m) were 

placed in a round bottom Aaslc connected to a Claisen head fitted with a dow~lward 
condenser and a receiver for vacuum distillation. The resulting solutio~l was heated to 
130" C a t  120-160 mm pressure under nitrogen. reaction proceeded as shown by the 
distillati011 of ethanol. Etha~lol evolution ceased after about 3 hours' heating a t  the above 
temperature. 

The remaini~lg crucle product was fractionated a t  2 to 3 mm. The cyclic hydrogen 
phosphites were obtained as very viscous, colorless liquids. The yields and other data  
are given in Table I. Some high boiling materials remained in the distillatio~l flask: and 
were probably polymeric. 

Preparation of Cyclic Clzlorophosphites 
To  a solution of phospl~orus trichloride (68.7 g, 0.5 m) in anhydrous ether (200 ml) a 

mixture of 2,3- or 1,3-butanediol (45 g, 0.5 m), pyridirle (79 g, 1 m), and ether (200 ml) 
was added with vigorous stirring, while the temperature was kept below -5" C. The  
precipitated pyridiniurn chloride was removed by filtration and washed with ether. The 
combined clear filtrate was fractionated. After the removal of the ether, the cyclic 
chlorophosphites were distilled in vacuum and were obtained as colorless liquids. 

Starting from 2,3-butanecliol, 67 g (87%) 2-chloro-1,3,2-clioxapl~ospholane boiling 
a t  5-56' C a t  10 inln was obtained. The refractive index was n2 1.4700. (Lucas and co- 
worl;ers (11) obtained apparently the same product ~vithout an acicl-binding agent. I t  
had a boiling point of 66' C a t  15 mnl and a refractive index of 7z: 1.4696.) 

When 1,3-butallediol was used, the method gave 2-chloro-4-metl1yl-1,3,2-diosa- 
phosphorinane (69.5 g, 98%) boiling a t  55-57O C a t  10 nun. The refractive index of this 
product was n,: 1.4670. (Arbuzov ancl Zoroastrova (10) reported b.p. 65" C a t  12 rnln 
ancl 7 2 2  1.1700. Lucas and co-\vorl:ers (11) gave b.p. 66.6-67.5" C a t  15 111111 and 72; 

1.4884,) 

Sy~ztlzesis of Cyclic fIydrogeu Phosphites by the I-Iydro1ys.i~ o j  Cyclic Chloroplzosphites 
To  a mixture of water (3.6 g, 0.2 111) and benzene (100 ml), the solution of the chloro- 

phosphite (0.2 m) in benzene (250 ml) was added, vvhile it  wass11al;en. The reaction mix- 
ture was then stirred for one-half hour. The resultant clear, homogeneo~~s solution was 
fractionated in vacuum, when the be~lzerle solvent was re~noved a t  first under 160 mln 
pressure. The raw product uias then clistillecl a t  2 mm of mercury. 
2-Cl~loro-4,5-dirnethyl-l,3,2-pl~ospl1olar~e gave on hydrolysis 2-l1ydrosy-1,5-cli1netl~yl- 

1,3,2-phosphola1~e (26 g, 95%). The product \\-as obtained betvvreen 81' and 83' C a t  2 mm 
and had a relractive index, 722 1.4610. Comparison of infrared spectra shovved identity 
with the 2,3-butanediol transesterificatio~~ product. 

Similarly, by the hydrolysis of 2-cl~loro-4-methyl-l,3,2-p11osp1101-ii1:~1~e, this procedure 
resulted in the forrnation of 2-hydroxy-4-methyl-113,2-dioxaphosphorie obtained as 
a colorless l i q ~ ~ i d  (25 g, 92%) between 101 and 102" C a t  2 mm. The refractive index is 
ng 1.4528. Although this product was a mobile liquid after distillation, it became quite 
viscous after a few days and was similar to the tl-a~lsesterificatio~~ product with 1,3- 
butru~ediol. The identity of the two products was then proved by co~nparison of their 
infrared spectra. 

Preparation of Cyclic 2-Cl~loroetlzyl Plzosphites by Transesterification 
Tris-2-chloroethyl phosphite (26.9 g, 0.1 m) and 1,2- 01- 1,3-glycol (0.1 m) were placed 

in a round bottom flask connected with a Claisen head, downward condenser, and receiver 
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for  v a c u u m  dis t i l la t ion.  T h e  c o n t e i l t s  b e c a m e  h o m o g e n e o u s  w i t h i n  5 mi l lu tes  w h e n  
h e a t e d  i n  a w a t e r  bath. R e a c t i o n  w a s  pe r fo rmed  at 18 mm u n d e r  n i t rogen .  T h e  h e a t i n g  
was c o n t i n u e d  f o r  a b o u t  1 h o u r ,  d u r i n g  which t i m e  t h e  e v o l u t i o n  of e t h y l e n e  chloro-  
h y d r i n  was comple te .  

T h e  color less  c r u d e  p r o d u c t  w a s  f r a c t i o n a t e d  at 2-3 m m  pressure  to o b t a i n  t h e  p u r e  
p r o d u c t s  as clear ,  colorless l iquids ,  immisc ib le  in  w a t e r .  S e e  T a b l e  I1 fo r  p roper t i e s  a n d  
yields .  

Preparation of Cyclic 2-Cl~lorocfhyl Plzosfilzites from Cyclic CI~lorop1zos~I~ites 
To a so lu t ion  of t h e  cycl ic  c l ~ l o r o p h o s p l ~ i t e  (30.9 g,  0.2 m )  (2-chloro-4,5-dimethyl-1,3,2- 

d i o x a p h o s p h o l a n e  ant1 2-chloro-4-methyl-1,3,2-dioxaphosphori1~ane respect ively)  i n  e t h e r  
(200 m l ) ,  e t h y l e n e  c l~ lo rohyc l r in  (16.1 g, 0.2 m )  a n d  s u b s e q u e n t l y  pyricline (15.8 g,  0 . 2  m )  
w e r e  aclclecl d r o p ~ v i s e  \\lit11 s t i r r ing  at O0 C or lower. A f t e r  t h e  aclclition, t h e  reac t ion  mix- 

t u r e  w a s  a l lowed to c o m e  to r o o m  t e m p e r a t ~ u - e  with c o n t i n u e d  s t i r r ing .  P y r i d i n i u m  
ch lo r ide  w a s  removeel b y  f i l t ra t ion a n d  t h e  f i l t r a t e  \vas f r a c t i o n a t e d .  

I n  this m a n n e r ,  b e g i ~ l ~ l i ~ l g  wit11 2-cl1lo1-o-4,5-dimethyl-1,3,2-clio.uaphospl1ola1e b e t w e e n  

56 a n d  60" C at 1 m m ,  31 g (79%) 2-(~-chloroethox~~)-4,5-dimetl1yl-1,3,2-diosaphos- 
p h o l a n e  (2,3-b~1tylene-2-chloroetl1yl phosph i te )  was o b t a i n e d ,  n; 1.4659. s p e c t r u m  
of t h i s  c o m p o u n d  w a s  ident ical  w i t h  t h e  p r o d u c t  of t ranses te r i f i ca t io i~  r e p o r t e d  i n  

T a b l e  11. 
W h e n  t h e  s a m e  m e t h o d  was u s e d ,  2-chloro-4-1nethyl-l,3,2.-pl1osphoi-inane g a v e  33 g 

(86%) 2-(~-cl1loroetho.uy)-4-11~etl~yl-1,3,3i-aphospl1ori11ai1e distilleel b e t w e e n  54 a n d  

56" C at 1 m m  ancl h a v i n g  a re f rac t ive  index  of ng 1.4697. T h i s  c o m p o u n d  had a n  iden t i ca l  
s p e c t r u m  w i t h  t h e  corresponcl ing t ransester i f icat ion p r o d u c t  reportecl i n  T a b l e  11. 

T h e  a u t h o r  i s  g r e a t l y  i i ~ d e b t e d  to M r .  -1. J. S t e p h e n s o n  f o r  t h e  in f ra red  s p e c t r a ,  to 
M r .  E. G. U l b r i c h t  ancl h'liss A. F. Fischel  fo r  t h e  p h o s p h o r u s  ana lyses ,  a n d  to M r .  J .  F. 
E a g e n  f o r  t h e  chlor ine ana lyses .  
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