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Phosphorous acid amides enter into substitution reactions with alcohols, in which connection the coordi- 
nation number of the phosphorus atom is retained here  [1]. As a continuation of studying the reactions of keto- 
alcohols with various phosphorus-containing compounds we used the alcoholysis reaction of amidophosphites 
for the purpose of adding fl-ketoalcohol moieties to the piII phosphorus atom. Here it was of especial interest  
to substitute two amide groups in view of the fact that the anticipated bis(T-ketoalkyl) phosphites were postu- 
lated as being intermediates in the synthesis of 2-substituted oxa-3-phospholanols f rom pIII acid dichlorides 
and diacetone alcohol [2]. 

Initially the alcoholysis was run by heating the reactants up to a temperature where the liberated amine 
distilled off. It proved that under these conditions (120-200~ diacetone (DAA), fl-acetoethyl, and ~-aceto- 
isopropyl alcohols give a complex mixture of products with hexaethyltriamidophosphite (HETP), ethyl te t ra-  
ethyldiamidophosphite (ETEDP), tetraethyldiamidophenylphosphonite, tetraethyldiamidoethylphosphonite, te i ra-  
methyldiamidophenylphosphonite, and  tetramethyldiamidoethylphosphonite. Based on the 31p N1VIR data, in all 
of the experiments with DAA the react ion mixture pr ior  to distillation contained at least eight phosphorus-con- 
taining compounds, which could not be isolated pure. Dark brown ta r ry  masses  are  formed in the experiments 
with either fl-acetoisopropyl or fl-acetoethyl alcohol. The stepwise substitution of the amido groups when 
heated by ketoalcohol radicals is probably complicated by the decomposition of the obtained products into un- 
saturated ketone and phosphorus acid [3]. The formed new compounds are capabls of reacting beth with the 
starting reactants  and with each other, and also of disproportionating, which leads to the observed complex 

picture. 

It is known that proton-donor reagents facilitate the alcoholysis of amidophosphites [4], and consequently 
it was decided to change the experimental conditions and study the reactions of f~-ketoalcohols with amidophos- 
phites in the presence of AcOH. Such react ion with DAA is exothermic and gives compounds that, based on the 
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1H and 3lp NMB. spec t r a l  data, and also the IR spec t r a l  and e lementa l  analysis  data, r e p r e s e n t  2-subst i tuted 
oxa-3-phospholanois  (II). 
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The (II) compounds were  synthesized by other  methods,  and their  identif ication by spec t r a l  methods is  de-  
sc r ibed  in [2, 5, 6]. F r o m  the nonphosphorus-containing compounds were  isolated diethylamine,  mes i ty l  oxide, 
and N, N- diethylacetamide.  

As can be seen f r o m  the s t ruc tu re  of the end products ,  c losure  of the f i v e - m e m b e r e d  r ing and an in-  
c r ea se  in the coordinat ion number of the phosphorus atom occur  during the course  of the studied reac t ions .  
It may be assumed that the format ion  of the (If) compounds proceeds  in two s teps ,  specif ical ly:  addition of 
the ketoatcohol moiet ies  to the phosphorus atom and c losure  of the f i v e - m e m b e r e d  r ing,  Apparently,  the f i r s t  
step (substitution of the amido groups) consis ts  of a number of r e v e r s i b l e  steps,  as  follows f rom the concepts 
that were  developed for  the reac t ions  Of alcohols with amidophosphites  in the p re sence  of proton-:donor r e -  
agents [7]. The t rans i t ion f r o m  these compounds with fl-ketoalcohol r ad ica l s  on the pIII a tom to cycl ic  a~hy-  
droxyphosphoryl  sys t ems  (second step) is possible via in t ramolecuta r  attack of the P atom on the carbonyt  
group. The s tepwise synthes is  of the (II) compounds can be depicted in the following manner .  F i r s t  the amido-  
phosphite (I) r e a c t s  with AcOH and, passing through a r e v e r s i b l e  protonat ion step, f o rm s  amidoacytphosphite 
X-P(NRz)(OAc) (III), which then can r e a c t  with e i ther  DAA or  AcOH. The amidophosphite X -  P(N1R2>OC(C~I3) 2- 
CHzC(O) CH 3 (IV), wi l lbe  f o r m e d i n t h e  f i r s t  ease, and e i ther  the hydrophosphoryl  compound (V) or  the diacylphos-  
phite (VI) wilt  be fo rmed  in the second case.  
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H 
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The reac t ion  of (IV) with AcOH, or  of (VI) with DAA, leads to the same phosphite X-P(OAc)OC(CH3)2CH2C- 
(O)CH s (VII). Phosphite (VH) can r e a c t  with AcOH and lead to the acid X-P(O){H)[OC(CH3)aCH2C(O)CH3] (VIII). 

This same acid can be obtained if  acylphosphite (VII) r e a c t s  with DAA to give a compound with Lwo di-  
acetone alcohol moie t ies  fiX), which, according to [2], is unstable and decomposes  into the unsaturated ketone 
and acid (VIH): 

(v~I) -.[- HOC(CH~)~CH~2C(O)CH3 --~c~H X--P[OC(CH3hCH~C(O)CH~h -~ (VIII) + 
" -- (IX) 

(CH~)2C=CHC(0)CH~ 

In harmony with the data given in [2], acids of the (VIH) type undergo Abramov in t ramolecu la r  Gvclization [8] 
to 2-subst i tu ted oxa-3-phospholanols  (II). In genera l ized  fo rm  the p ro ce s s  for  the fo rmat ion  of (II) can be de-  
picted by the following scheme:  

(I) ~ - R 7  (III)--[ ( v i i )  ~ A~0H_A~,0 -~  ( ~ I I I )  
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, :  - (vx)  
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Cyalizat/on, (II) 

To ver i fy  the proposed  scheme  we r a n  a check on ~ e  r eac t ion  of ETEDP with DAA by the 31p N1VIR 
method.  As a mix ture  composed of 2 moles  of DAA and 1 mole of AcOH is added to the ETED P  an increas ing  
signal appears  in the 31p NMR spec t rum at  - 1 3 8  ppm, with a s imultaneous d isappearance  of the peak of the 
s ta r t ing  ETEDP at  - 1 3 0  ppm. In some 60-100 man af te r  complet ing the addition of the r eac t an t s  an i n c r e a s -  
ing signal  begins to appear  dist inctly in the spec t rum at - 4 1  ppm, which is caused by 2 -e thoxy-2 -oxo-3 ,5 ,5 -  
trimefl%yl-l,2-oxa-3-pho,sl~holanoI (II, X=OC2H5 ), while the s ignal  a t - 1 3 8  ppm disappears  a f te r  a day. 

In o r d e r  to ass ign  the signal  at  - 1 3 8  ppm to one of the proposed  in te rmedia tes  we synthes ized compound~ 
(IH), (IV), (VI), and fix). Ethyl diethylamidoaeyIphosphite (HI) and ethyl ~ ,~ -d ime thy i -y -ke tobu ty t  diet2~yl- 

661 



amidophosphite (IV) have da lP -138  ppm, whereas  ethyl diacylphosphite (VI) has a value of - 1 2 5  ppm, and ethyl-  
a , (~-dimethyl-T-ketobutyl  acylphosphite (VII) has a value of - 1 3 0  ppm. Compound (IX) was not isolated pure,  
but was r e c o r d e d  by the 81p NMR method when ethyl dichlorophosphite was r eac t ed  with DAA in the p resence  
of t r ie thy lamine  at  -50~ The 31p NMR spec t rum had a signal at  --134ppm, which gradually changed to the 
peak of the end oxaphospholanol flI, X = OC2H 5) at  - 4 1  ppm. These data a re  in ag reement  with the r e su l t s  of 
the analogous r eac t ions  of alkyI dichlorophosphites  with p r i m a r y  fl-ketoalcohols,  where  the isolated alkyl di-  
( 'y-ketobutyl) phosphites  had 6 alp - 1 3 2  ppm. 

As a r e su l t ,  checking the r eac t ion  of ETEDP with DAA and AcOH by the alp N1VIR method conf i rms the 
format ion  of e i ther  products  (Ill) or  (IV) (5 alp _ 138 ppm), which a re  postulated by the general  scheme.  The 
contr ibut ion f r o m  the r e sonance  of the P nucleus of compound (IV) to the signal at - 1 3 8  ppm should be slight, 
s ince beginning with amidoacylphosphi te  (HI) the reac t ion  probably proceeds  p r e f e r a b ~  in the direct ion of 
compound (VI), and not (IV). Evidence to support  this is  the format ion  of 2-ethoxy-II  as the end product,  and 
not 2-die thylamino-II ,  as  was to be expected on the basis of the data given in [9]. 

It  should be mentioned that in the absence of AcOH the oxa-3-phospholanols  were  isolated f rom the r e a c -  
tion of ETEDP  with DAA af te r  holding the r eac t ion  mixture  at  ~20  ~ for 10-15 days. 

E X P E R I M E N T A L  

The IR spec t r a  were  taken on a UR-10 ins t rument ,  without controll ing the layer  thickness of the com- 
pound between the KBr pla tes .  

The 31p NMR spec t r a  we re  taken on a KGU-4 NMR sp ec t ro m e te r  at a genera tor  operat ing f requency of 
10.2 MHz re l a t ive  to 85% ttaPO 4. The GLC was run  on a Chrom-4"l ins t rument  at  130 ~ using a column packed 
with Chromaton-N.  

React ion of Diacetone Alcohol (DAA) with Hexaethyl tr iamidophosphite  with Heating. To 41.5 g of hexa-  
e thyl t r iamidophosphi te  in an Arbuzov f lask was added in drops 19.4 g of DAA at 190 ~ During the addition 
there  was col lec ted  by dist i l lat ion 22.4 g (91.3%) of diethylamine with bp 56-58 ~ nD 20 1.3880, and 2.4 g (26.8%) 
of mes i ty l  oxide with bp 129-136 ~ nD 2~ 1,4400. Distil lation of the res idue  gave 30 g of a f rac t ion  with bp 66- 
127 ~ (0.004 mm),  which, al �9 based on the P NMR data, conmsted of a mixture  of phosphorus-containing compounds 
with 6 alp - 1 4 ,  - 1 6 ,  - 1 8 ,  - 2 2 ,  - 2 9 ,  - 3 8 ,  - 3 9 ,  - 4 0 ,  -120 ,  - 1 4 4  ppm. The pure  compounds could not be i so-  
lated. 

The exper iments  on the reac t ion  of DAA with ethyl te traethyldiamidophosphite  and the te t rae thyldiamido-  
e thyl - ,  t e t ramethyld iamidoe thy l - ,  and tetraethyldiamidophenylphosphonites  were  run  in a s imi la r  manner ,  and 
also by heating the s ta r t ing  r eac t an t s  in xylene.  In all  cases ,  af ter  disti l l ing off the dialkylamine,  the res idues ,  
based on the alp NMR data, r e p r e s e n t e d  a mix ture  of at least  eight phosphorus-containing compounds. Only 
f rom the reac t ion  of DAA with tetramethyldiamidophenylphosptmnite  were  we able to isolate ,  in 26% yield,  t e t r a -  
methyldlamidophenylphosphonate with nap 82 ~ (petroleum ether) ,  6 a l p - 2 9 p p m  [10]. Found: C 56.69; H 7.82; 
N 12.82; P 14.42%. C1oHi?N2OP. Calculated: C 56.60; H 8.01; N 13.27; P 14.62%. 

The Experiments  with f l -acetoethyl  and f l -acetoisopropyl  alcohols with the same amidophosphites and 
amidophosphonites under analogous conditions led to undisti l lable and noncrysta l l iz ing t a r r y  masses .  

React ion of Diacetone Alcohol with Hexaethyl tr iamidophosphite  in P r e sen ce  of Acetic  Acid. HEating up 
to 50 ~ was observed  when 23.2 g of DAA and 12 g of AcOH were  added at ,~20 ~ to 24.7 g of hexaethyl t r iamido-  
phosphi te .  After  24 h, dist i l lat ion gave 4.8 g of diethylamine,  2.3 g of mes i ty l  oxide with bp 127-131 ~ nD ~~ 
1.4390, 19.3 g of a mix ture  with bp 65-80 ~ (12 ram), which, based on the GLC data, consis ted  of DAA, N,N- 
diethylacetamide,  and mes i ty i  oxide in a 40 : 35 : 25 ra t io ,  and also 15.3 g of a f rac t ion  with bp 125-130 ~ (0.015 
ram), which c rys ta l l i zed  in 1 day. Recrys ta l l i za t ion  f r o m  benzene gave 9.2 g (39%) of 2-d ie thylamino-2-oxo-  
3 ,5 ,5 - t r ime thy l - l , 2 -oxa -3 -phospho lano l  with mp 124-125 ~ [5]. Found: C 50.93; H 9.10; N 6.03%. Ci0Hz2NOaP. 
Calculated: C 51.28; H 8.97; N 5.98%. 

React ion  of Diacetene Alcohol with Ethyl  Tetraethyldiamidophosphite .  When 23.2 g of DAA and 6 g of 
AcOH were  added to 22 g of ethyl te t raethyldiamidophosphite  the t empera tu re  r o s e  to 45 ~ The next ;day we 
col lected by dist i l lat ion 4 g (27.4%) of diethylamine,  4.9 g (50%) of mes i ty l  oxide, and 5.4 g (46.9%) of N,N-di-  
e thylacetamide with bp 61-64" (10 ram), nD ~~ 1.4300. The res idue  crys ta l l ized .  Recrys ta l l i za t ion  f rom ben- 
zene gave 14.9 g (71.3%) of 0I), mp 102 ~ Found: C 46.30; H 8.42; P 15.06%. CsHl~O4P. Calculated: C 46.16; 
H 8.17; P 14.90%. 
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The (II) compound is also formed by holding a mixture of DAA and ethyl tetraethyldiamidophosphite for 
14-15 days at ~ 20 ~ From 23.2 g of DAA and 22 g of ethyl tetraethyldiamidophosphite we obtained 13 g (64%) 
of {II), mp 100-101 ~ 

Ethyl diacylphosplute, propyl diacylphosphite (5 31P-125 ppm), ethyl diethylamidoacylphosphite, propy[ 
diethylamidoacylphosphite (6 31p-138 ppm), and ethyla,cz-dimethyl-7-ketobutyl acylphosphite (~ 31P-130 ppm) 
were obtained as described in [11]. 

C O N C L U S I O N S  

1. The alcoholysis of amidophosphites by fl-ketoaleohols was studied under various conditions~ 

2. It was established that when the reactions are run in the presence of acetic acid the end products are 
2-substituted oxa-3-phospholanols. A scheme was proposed for their formation~ 
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S Y N T H E S I S  AND I S O M E R I Z A T I O N  

OF 2-  ( 3 ' -  C H L O R O A  L K O X Y ) -  1 , 3 , 2 - A  ZA T H I A - ,  

2-  ( 3 ' - C H L O R O A L K O X Y ) - I , 3 , 2 - D I A Z A - ,  

2-  (3 'CH LOROA L K O X Y ) -  1 , 3 , 2 - O X A  T H I A - ,  

AND 2-  (3 '  - C H L O R O A L K O X Y ) -  1 , 3 , 2 - D I T H I A P H O S P H O L A N E S  

Lo Z .  N i k o n o v a  a n d  O. N. N u r e t d i n o v a  UDC542o91:542.952.1: 
547.1q18 

As a resul t  of studying the Arbuzov rearrangement in the 2-(3~-chlorealkoxy)-!,3,2-dioxa - and 1,3,2- 
azaexaphospholane series it was observed that in some cases replacing the oxygen inthe dioxaphospholane ring 
by the N atom changes the direction of the isomerization. Thus, the isomerization of 2-(1,-methy[-3'-ehloro- 
propoxy)-4,5-dimethyl-l,3,2-dioxaphospholane proceeds with opening of the ring, while the isomerization of 
1-methyl-2-(1T-methyl-3'-chloropropoxy)-4,5-dimethyl-l,3,2-azaoxaphospholane proceeds with retention of 
the ring [1, 2]. 

As a continuation of studying the effect of the character of the heteroatoms in the 1 and 3 positions of 
the phospholane ringand structure of the chloroalkoxyl group on the P atom on the direction of the isomeriza-  
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