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The  r eac t ion  of PC13 and the dichlor ides  of a lkylphosphorous acids with 2-methyloxe tane  and 3 ,3 -d i -  
methyloxetane ,  us ing a 1 : 1 ra t io  of the r eac tan t s ,  was studied prev ious ly  [1]. In the p r e s e n t  paper  these  
reac t ions  w e r e  studied using other  ra t ios  of the s ta r t ing  components .  The acid chlor ide of O ,O-d i - (1 -  
methy l -3 -ch lo ropropy l )phosphorous  acid (II) is obtained when PC1 s is r eac ted  with 2 M 2-methyloxetane  

CH2 
/ \ 

PCh ~- 2HaCCH CH~ ~ CIP(OCHCH2CH~Clh 
\ / I 

(I) 0 CH3 (If) 

Phosphi te  (Ill) is obtained as the r e su l t  of the reac t ion  of (If) with (I), or  of 3 moles  of (1) with PCl  3 

PCl~ + 3 (1) . --> P(0CHCH~CHzCI)al 

(I1) + (I) CH, (IH) 

Since (HI) decomposes  when dist i l led with the l ibera t ion of 1 ,3-dichlorobutane,  i t  was analyzed in the un-  
dis t i l led fo rm.  Thiophosphate (IV) is obtained when (III) is r eac ted  with sulfur  

s =P(OCHCH2CH~C1)s 
(HD + s --~ I 

CH8 (IV) 

The following compounds a r e  obtained when (lID is heated (150~ in a ni t rogen a t m o s p h e r e  

- - 4  C1CH2CH~CHC1CHs 

(CICH~CH~CH0)aP 15~176 - -~  C1CH2CH~CHO/0 -- CH--CHs (V) 
I I } \  

CHs CH3 0 Ctt2--CH~ 

~---~ (C1C H2CH2CHO),.PCH~CH2CHC1CH3 

CHa 0 (VI) 

1 ,3-Dichlorobutane and compotmd (V) a r e  the pr inc ipa l  products  of this reac t ion .  Compound (V) a f t e r  d i s -  
t i l lat ion is usual ly  contaminated with the dialkyl phosphite:  

o 
/ 

(CICH2CH2CHO)~P (VII) 
I \ 

CH3 H 

the amount  of which depends on the m o i s t u r e  content  of the s ta r t ing  2-methyloxetane  (I). Based  on the sip 
NMR sp 'ect rum,  the amount  of (VH) in admix ture  with (V) is ~15-20% when (I) is dis t i l led s imply  over  Na 
meta l .  If  p r i o r  to reac t ion  with PC13, (I) is ref luxed over  Call  2 and then dis t i l led,  then the amount  of (VII) 
in the mix tu r e  d e c r e a s e s  to 10-12%. P u r e  (V) was obtained when (V), contaminated with (VII), was ref luxed 
with Na me ta l ,  the amount  of which was calcula ted on the bas i s  of the amount  of (VII) in the mix ture .  When 
phosphite  (VIII), obtained by the reac t ion :  
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CH2 
/ \ 

PCIs + 3CH2 0-+ P(OCH2CH~CH~CI)3 (VIII) 
\ / 
CH~ 

is heated ~le principal reaction product is the acyclic compound (IX) 

---~ C1CH2CH2CH2CI 

/0-- CH~I 
151}--160 ~ 

----* C1CH2CH2CH20P ] 
I t \  I (VIII) 0 CH2--CH~ 

'----* (C1CH~CH~CH~O)~PCH~CH~CH2Ci 
tl 
o (ix) 

Phosph i t e  (X) is obtained by the r e a c t i o n  of ethyl d ich lo rophosph i te  with 2 m o l e s  of 2 - m e t h y l o x e t a n e  
CHa 

C2H~0PCIz + 2(I) ~ C2HsOP(OCHCH2CH2C1).2 
(• 

P h o s p h i t e  (K) is an uns tab le  compound  that  unde rgoes  d i sp ropor t i ona t ion  when s t o r e d ,  hea ted ,  o r  d is t i l led .  
The  amotmi  of  d i s p r o p o r t i o n a t i o n  p r o d u c t s ,  conta ined in the r e a c t i o n  mix tu re ,  depends on the t e m p e r a t u r e  
condi t ions  of  the r eac t i on .  If  du r ing  the addit ion of (I) the t e m p e r a t u r e  of the r e a c t i o n  m i x t u r e  is kept  b e -  
low 25-30  ~ and then the ca lcu la ted  amoun t  of su l fur  is added immed ia t e ly ,  then ethyl  d i - ( 1 - m e t h y l - 3 - c h l o r o -  
p ropy l ) th iophospha te  (XI) can  be obta ined in 60-70% yie ld  

s CH3 
(X) + s - ,  II I 

C~HsOP(OCHCHzCH2CI)2 
(xi) 

When (X) is hea ted  a t  150 ~ the p r inc ipa l  p r o d u c t  is (V), con tamina ted  with a sma l l  amoun t  of  (vii). The d i -  
ch lo r ide  of  Le r t - (2 ,2 ,2 - t r i ch lo ro )bu ty lphosphorous  ac id  r e a c t s  with 1 m o l e  of  2 -me thy loxe t ane  to give the 
acid chloride (XII) 

ClaC ChC 
\ \ 

COPCI~ + (I) - ,  COPOCHCH~CH~C1 
/ / I I 

(I~C)~ (HaC)2 C1 CHa (XII) 

Phosph i t e  (ZIII) is obta ined in the r e a c t i o n  o f  (XII) with 1 m o l e  of  (I), o r  of  2 m o l e  of  (I) with the s t a r t i n g  
d i ch lo r ide ,  which,  the s a m e  as  (liD, d e c o m p o s e s  when dis t i l led  with the l i be ra t i on  of  1 ,3 -d i ch lo robu tane  

ClaC 
\ 

(XII) + (I) ~ COP(0CHCH~CH~C1)~ 
/ I 

(HaC)~ CHa (XIII) 

In c o n t r a s t  to (X), phosphi te  (XIII) does  not  undergo  d i sp ropo r t i ona t i on  when heated  a t  40-60  ~ , and was  a n a l y -  
zed without  distillation. 

Thiophospha te  (XIV) is obta ined by the r e a c t i o n  o f  (XIII) with su l fur  
cIac 

\ 
(xII1) + s -+ COP(OCHCH2CH~CI)2 

/ lI ] 
(HaG)~ S CH~ (XIV) 

(XiII) gives  p roduc t s  (XV), (XVI), and 1 ,3 -d i ch lo robu tane  in n e a r l y  When heated a t  140-150 ~ (30-80 rain), 
quant i ta t ive  yield  

150 ~ 

(XlII) - 

---~ C1CH2CH~CHC1CHa 

ClaC O----CH--CHs 

---~ \ c o P /  I (xv) 
/ 11 \ 

(14~c)2 o CH2--CH~ 

C15C CH2CH~CHC1CH~ 
\ / 

----~ COP (XVI) 
/ H \ 

(HaC)2 0 OCHCH2CH~CI 
l 

CHa 
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P2S5 r e a c t s  with (XV) to g ive  the  t h ionoxaphospho lane  (XVII) 
CIaC S O~CH--CHa 

\ oV I (XV) -1- P~S5 ---* (XVII) 
/ \ I 

(gaC)~ CH2--CH2 
Opening of the oxaphospholane ring occurs as the result of the reaction of (XV) with PCI~ 

C13C O 
\ II 

(xv) + PCh - - - .  COPCH~CH~CHC1CH8 

/ Cll (XVlII) (H3C)~ 

In contrast to (XIII), phosphite (XIX) at 150-160 ~ gives the acyclic compound (XX) as the principal product 

C13C CH~ C13C 
\ / \ \ 150-1eo ~ 

COPC12+2CH~ O -~ COP(OCH~CH~CH2CI)2 ~-~, 
/ \ / / 

(H3C)~ CH2 (HaC)~ (XlX) 
C laC  CH~CH~CH~C1 

\ / 
.~ COP (XX) 

/ H \ 
(HaC)~ 0 OCH~CH~CH~C1 

D i e t h y l  ( 1 - m e t h y l - 3 - c h l o r o p r o p y l ) p h o s p h i t e  (XXI) i s  ob t a ined  by  the  r e a c t i o n  o f  the  a c i d  c h l o r i d e  of  
die thy lphosphorous  ac id  wi th  2 - m e t h y l o x e t a n e ,  w h i c h ,  the s a m e  as  the ana logous  2 - c h l o r o a l k y l  p h o s p h i t e s ,  
r a p i d l y  u n d e r g o e s  d i s p r o p o r t i o n a t i o n  when  s t o r e d  o r  d u r i n g  d i s t i l l a t i o n  [2-4] .  T r i e t h y l  p h o s p h i t e  i s  f o r m e d  
when  (XXI) i s  d i s t i l l e d  

CH~ 
/ \ 

(C~HsO)~PC1 + H~CCH CH.z -~(C~H~O)2POCHCH2CH2C1 
\ / I 

0 CH~ (XXI) 

If the calculated amount of sulfur, when based on (XXI), is added to the reaction mixture immediately after 
adding the 2-methyloxetane, then, besides diethyl (l-methyl-3-chloropropyl)thiophosphate (principal pro- 
duct), other thiophosphates are formed as the result of the addition of sulfur to the phosphites - the dis- 
proportionation products of (XXI). Diphenyl chlorophosphite reacts with 2-methyloxetane more slowly than 
diethyl chlorophosphite. In order to obtain diphenyl (l-methyl-3-chloropropyl)phosphite in 50-60% yield the 
reaction mixture should not be cooled. Phosphite (XXIII) can be distilled in vacuo without disproportiona- 
lion, and remains trivalent (6 al P = -133 ppm) 

(C~HsO),.POCHCH~CH2C1 
(CsHs0)2PCI +(I)  --, I 

CH3 (XXIII) 

EXPERIMENTAL METHOD 

The 31p NMR spectra were taken on a KGU-4 NMR instrument (10.2 MHz) ; 85% H3PO 4 was taken as the 
standard. 

Reaction of PC13 with 2-Methyloxetane (I). i) Ratio of Reactants = 1 : 2. With stirring, to 8.3 g of 
PC13 at 20-25 ~ in a nitrogen stream, was slowly added 8.6 g of (1). We isolated 6.8 g (40%) of the chloride 
of di-(l-methyl-3-chloropropyl)phosphorous acid with bp I01-I02 ~ (0.25 mm): d 2~ 1.2112; n~ 1.4791. Found: 
C 34.42; H 5.77; P 10.76%. CsHI6CI302P. Calculated: C 34.10; H 5.64; P 11.01%. 

2) Ratio of Reactants = 1 : 3. With stirring and cooling in ice water, from a mixture of 3 g of PCI 3 and 
5 g of (1) was obtained tri- (l-methyl-3-chloropropyl)phosphite (Ill), which was analyzed without distillation: 
d 20 1.1808; n~ 1.4702. Found: P 8.93%. CI2H24CI303P. Calculated: P 8.77%. The reaction of phosphite (III) 
with sulfur gave tri-(l-methyl-3-chloropropyl)thiophosphate in 48% yield, bp 146-148 ~ (0.25 ram); d~ ~ 1.2254; 
n~ 1.4928. Found: C 37.37; H 6.35; P 7.04; S 8.32%. CI2H24CI3OaPS, Calculated: C 37.35; H 6.22; P 8.04; 
S 8.30%. 

When phosphite (Ill), obtained from 4.5 g of PCI 3 and 7.1 g of (I) (dried over Call2), was heated in a 
nitrogen stream at 140-150 ~ for 3040 rain, followed by distillation, we obtained: a) 4.8 g (64%) of 2-oxo-2- 
(l-methyl-3-chloropropoxy)-5-methyl-l,2-oxaphospholalle (V) contaminated with phosphite (VII), bp 112- 
114 ~ (0.i ram); d~ ~ 1.1950; n~ 1.4640. Found: C 41.27; H 7.02; P 13.18%. CsHI6CIO~P. Calculated: C 42.38; 
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H 7.06; P J.3.68%. When 3 g of (V), contaminated with (VII), was refluxed with 0.05 g of Na in toluene we 
isolated the pure (V) with bp 108-109 ~ (0.I mm);d 20 1.1967; n~ 1.4649. Found: C 42.16; H 7.24; P 13.76%. 

631P = -48 ppm; b) 0.9 g of the O,O-di-(l-methyl-3-chloropropyl) ester of 3-chlorobutylphosphonic acid (VI) 
with bp !6~: ~ (0.25 ram); d~ 0 1.1928; n~ 1.4683. Found: C 40.66; H 7.13; P 8.70%. Ci2H24CI3OP. Calculated: 
C 40.73; H 6.80; P 8.77%. 631P = -30 ppm. The 1,3-diehloroalkane that was obtained in this reaction, as 
well as in ~:ll of the other similar reactions, was not isolated, and instead was removed from the reaction 
mixture in vacuo at I0 mm. In contrast to (Ill), the tri-(3-chloropropyl)phosphite (VIII), obtained from 2.5 
g of PC13 a:.Id 3.2 g of the unsubstituted oxetane, after heating (150-160 ~ 1 h) and distillation in the range 
120-145 ~ (0.2 ram), gave 3.5 g of a mix~mre that, according to the 31p NMR spectrum, contains 20-30% of 
2-oxo-2-(3-chloropropoxy)-l,2-oxaphospholane (531p = -48 ppm) and 70-80% of the di-(3-chloropropyl) 
ester of 3-,~hloropropylphosphonic acid (IX) (5 31p = -30 ppm). The latter product (IV) was isolated: bp 144- 
145 ~ (0.18 ram); d 2~ 1.2941; n~ 1.4792. Found: C 34.89; H 5.80; P 9.91%. CI2HI8CI303P. Calculated: C 34.67; 
H 5.77; P 9.95%. 

Preparation of Di-(l-methyl-3-chloropropyl)phosphite (VII). With stirring, to 8.4 g of the acid chloride 
of di-(l-mcthyl-3-chloropropyl)phosphorous acid in 50 ml of CHCI 3 was added 0.54 g of water, after which 
the mixture was refluxed for 30 rain and then distilled. We obtained 7.5 g (95%) of (VII) with bp 113-114 ~ 
(0.2 ram); d~ 0 1.2098; n~ 1.4620. Found: C 36.54; H 6.51; P 11.60%. CsHITCI203P. Calculated: C 36.50; H 
6.46; P ii.~'8%. 63iP = -8 ppm. 

.Reaclion of Ethyl Dichlor0Phosphite with 2-Methyloxetane (1). With stirring, to 7 g of ethyl dichloro- 
phosphite was added in a nitrogen stream 7 g of (1) at ___ 30 ~ When the temperature of the reaction mixture 
had droppe6, to room temperature, 1.54 g of sulfur was added and the mixture was heated at i00-ii0 ~ for 30 
rain. Distillation gave 10.4 g (67%) of ethyl di-(l-methyl-3-chloropropyl)thiophosphate (XI) with bp 108-11ff 
(0.I ram); dl ~ 1.1943; n~ 1.4778. Found: C 37.28; H 6143; P 9.51; S 9.31%. CIoH21CI203PS. Calculated: C 
37.15; H 6.50; P 9.60; S 9.90%. 631P = -68 ppm. 

Reaction of Dichloride of tert-(2,2,2,-Trichloro)butylphosphorous Acid with 2-Methyloxetane. To ii.4 
g of the dichloride (6Sip = -193 ppm) was added 3 g of (1). The temperature of the mixture rose to 60 ~ Dis- 
tillation ga~e 5.1 g of the chloride of tert-(2,2,2-trichloro)butyl-(l-methyl-3-chloropropyl)phosphorous acid 
(XII) with bp 112-113 ~ (0.28 ram); d 2~ 1.3736; n~ 1.5018. Found: P 8.85%. CsHI4CIsO2P. Calculated: P 
8.84%. terl-(2,2,2-Triehloro)butyl-di-(l-methyl-3-chloropropyl)phosphite (XIII) was obtained from 2.8 g of 
(XII) and 0.6 g of (I); d240 1.3162; n~ 1.4893. Found: C 33.70; H 5.15; P 7.84%. CI2H22CIsO3P. Calculated: 
C 34.08; H 5.20; P.7.33%. 631P = -140 ppm. A mixture of 3 g of (XIII) and 0,22 g of sulfur when heated at 
i00 ~ for 30 rain gave 1.2 g (37%) of thiophosphate (XIV), bp 13ii ~ (0.2 ram); d~ 0 1.3387; n~ 1.5048. Found: 
C 31.57; H 4:.78; P 7.12; S 7.16%. CI2H22CIsO3PS. Calculated: C 31.68; H 4.84; P 6.82; S 7.04%. Phosphite 
(XIII) (from 13.8 g of the dichloride of tert-(2,2,2-trichloro)butylphosphorous acid and 7.5 g of (I)) when 
heated in a ~ttLrogen stream at 140-150 ~ for 30-50 min gave: i) 8 g (60%) of 2-oxo-2-[tert-(2,2,2-trichloro)- 
butoxy]-5-methyl-l,2-oxaphospholane (X'V) with bp 114-115 ~ (0.2 ram); d~ 0 1.3556; ~ 1.4857. Found: C 32.66; 
H 4.76; P i(~.23%. CsHI~C1303P. Calculated: C 32.49; H 4.73~ P 10.49%. 631P = -42 ppm; and 2) 4 g (20%) 
of phosphonite (XVI) with bp 167-168 ~ (0.25 ram); d~ 0 1.3133; n~ 1.4897. Found: C 34.07; H 5.39; P 7.27%. 
CI2H22CIsO3P. Calculated: C 34.08; H 5.20; P 7.33%. 631P = -26 ppm. 

In contrast to (XIII), phosphite (XIX), obtained from 4,8 g of the.dichloride of tert-(2,2,2-trichloro)- 
butylphosphorous acid and 2 g of the unsubstituted oxetane, gave, after heating and distillation, 4 g of a 
mixture of substances, which, according to the 31p NMR spectrum, contains more than 70% of the acyclic 
phosphonate (XX), bp 138-140 ~ (0.15 ram); d~ 0 1.3751; n~ 1.4891. Found: P 7.89%. CIoHIsCIsO3P. Calcu- 
lated: P 7.8[;%. 631P = -24 ppm. 

Reaction of Oxaphospho!ane (XV) with P2S5. A mixture of 3.3 g of (XV) and 0.5 g of P2S5 in 50 ml of 
toluene was refluxed for 2 h. Distillation gave i. 2 g (34%) of 2-thto-2-[tert-(2,2,2-trichloro)butoxy]-5- 
methyl-l,2-oxaphospholane (X-VII) with bp 140-142 ~ (0.25 ram); d24 ~ 1.3608; n~ 1.5280. Found: C 30.70; H 
4.44; P 9.84%. C8HI4CIsO2PS. Calculated: C 30,81; H 4.49; P 9.95%, 

Reaction of (XV) with PC15 .. A mixture of 3 g of (XV) and 2.1 g of PCl 5 in 30 ml of CHCI 3 when re- 
fluxed for 3C ~ rain gave 1.7 g of chlorophosphonate (XVIII) with bp 114 ~ (0.2 ram); d 2~ 1.4180; n~ 1.4081. 
Found: C 27.40; H 4.24; P 8.84%. CsHI4CIsO2P. Calculated: C 27.39; H 3.99; P 8.84%. 

Reaction of Diethyl Chlorophosphite with 2-Methyloxetane. To 6 g of diethyl ehlorophosphite in a 
nitrogen atmosphere was slowly added 3 g of (1) at 25-30 ~ Then 1.2 g of sulfur was added and the mixture 
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was heated at !00 ~ for 20 rain. Distillation of the products gave: 1) 3.8 g (38%) of diethyl (1-methyl-3- 
chloropropyl)thiophosphate (XXII) with bp 75-76 ~ (0.2 mm); d~ 0 1.1402; ~ 1.4660. Found: C 36.89; H 6.74; 
P 12.10; S 12.43%. C8H18C103$)S. Calculated: C 36.85; H 6.91; P 11.90; S 12.28%; and 2) 1.1 g (10%) of thio- 
phosphate (XI) with bp 112 ~ (0.25 mm); d~ ~ 1.1879; r~  1.4770. Found: C 37.39; H 6.43; P 10.04%. cIOH2iC12 
�9 O3PS. Calculated: C 37.15; H 6.50; P 9.60%. 

Reaction of Diphenyl Chlorophosphite with (I). From 6.8 g of diphenyl chlorophosphite and 2 g of (I) 
was obtained 5.3 g (60% yield) of dipheayl (1-methyl-3-ehloropropyl)phosphite, bp 142-144 ~ (0.25 ram) d240 
1.1808; n~ 1.5508. Found: C 59.05; H 5.59; P 9.24%. CI6HisC103P. Calculated: C 59.16; H 5.55; P 9.55%. 
53iP = -133 ppm. 

C O N C L U S I O N S  

The reactions of some oxetanes with phosphorous acid chlorides were studied. 
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