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React ions  of phosphorus  acid  chlor ides  with ~ -ox ides  we re  invest igated m o r e  thoroughly than those 
with f i-oxides.  Certain hal ides of pentaphosphorus  acids r eac t  with oxetanes in the p r e s e n c e  of catalyt ic  
amounts  of TiC14 with disrupt ion of the oxetane cycle [1]. Phosphorus  t r ich lor ide  readi ly  r e ac t s  with 3,3- 
di(chloromethyl)oxetane [2] and 2-methyloxetane  [3]. However,  Shuikin and c o - w o r k e r s  [3] did not speci fy  
how the disrupt ion of the 2-methyloxetane  cycle is d i rected.  

We have inves t igated the reac t ions  of PCI 3 and cer ta in  aIkyldichlorophosphines  with 3 ,3-d imethyl -  
oxetane and 2-methyloxetane .  The reac t ion  with 3 ,3-dimethyloxetane yields chlor ides  of y - c h l o r o a l k y l  e s t e r s  
of phosphorous  acid  (whose constants  a r e  given in Table  1) according  to the scheme  

CH8 CH2 
\/ \ 

RPCI2 + C 0 ~ RPOCH~CCH2CI 

R = C1, CHs0, C~HsO, CsHv0. 

It is known that PC13 d is rupts  propylene  oxide at the C - O  bond adjacent  the methyl  group [4]: 
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Fig. 1. Chroma tog ram of the mix-  
ture  of chlorobutanols  obtained by 
hydro lys i s  of the addition product  
of PC13 and 2-methyloxetane .  

CH2--CH--CH~ 
/ + PCI~ ~ CI~POCH2CHCH~ 

0 I 
C1 

It was of in te res t  to find out how the disruption of the 2- 
methyloxetane  cycle  is d i rected.  The reac t ion  between 2 -methy l -  
oxetane and PC13 or  a lkyldichlorophosphines may  yield two i s o m e r s  
(A) and (B): 

1 I (A) 
RPCI~ + CHs--CH CH~--] C1 CH3 

\O / 1 '~ RPOCH~CH2CHCI 
I [ (~) 

c1 CH3 

R = CI, CH30, C~H~O, C3H70. 

When the addition product  of PC13 and 2-methyloxetane  was 
hydrolyzed we obtained a mix tu re  of ehlorobutanols  con-  
taining (according to g a s - l i q u i d  chromatography,  Fig. 1) m o r e  
than 90% of one of the i s o m e r s  of chlorobutanol.  

When this i somer i c  mix tu re  was oxidized, f l -chloroethyl  
methyl  ketone was obtained in a yield exceeding 60%; dehydro-  
chlorinat ion of this product  yielded methyl  vinyl ketone (bp 80~ 
d42~ 0.8647; nD 2~ 1.4079; according  to [5] bp 79 ~ (743 mm);  d42~ 
0.8666; nD 2~ 1.4115). The s a m e  ra t io  of i somer i c  chlorobutanols 
was obtained during the hydro lys i s  of the addition products  of 
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TABLE 1. Constants  of RPOCH2CCH2C1 

(0 

I 
I[ 

III 
IV 

CI 
CHaO 

C~H~O 
CaH~O 

Bp, ~ (p,  mm 
Hg) 

Empirical 
~_ formula 
D2 

8a,5 (f0) 
4t--4t,5 
(od2) 

102--104 (10) 
113 (12) 

1,2887 
1,1949 

t,1536 
t,t253 

1,47i0 

t,4620 13,24 
1,4620 12,71 

CsHIoOPCIa j ~3,87 
C~HI~O~PCI~ [ 14,15 

I 

CTH,aO~PCI~ 13,30 
CaHI~O2PCI~. 12,55 

~2 

82 
32 

3t 
30 

C1 CH a 

t l 
TABLE 2. Constants of RPOCHCH2CH2CI 

(J 

Bp, ~ (p, 
mm Hg) 

l Found, I Empirical ~ ~ :2 
P, % formula 

; a  

V 
VI 

Vii 
VIII 

Cl 
CHaO 
C2H~O 
C3H70 

79,5--80 (i0) 1,3347 
89--91 (10)] t,2316 
96--98 (I0) 1,1688 
t10,5 (ll) 1,t421 

~ ,4951 ,4712 
,4620 
,4600 

t4,76 
15,03 
t4,t8 
t3,62 

CdtsOPCla I i4,80 
Ca ~tnO~PCb. ] 15,i2 
CGttlaO2PCI~ 14,t5 
CTHla02PC12 t3,30 

,H 

79 
a3 
a6 
31 

methy ld i ch lo rophosph ine  and 2 -me thy loxe t ane .  It fol lows that  the r e a c t i o n  of PC[  a o r  a l k y l d i c h l o r o p h o s -  
phines  with 2 - m e t h y l o x e t a n e  y ie lds  main ty  compounds  of the (A) type, whose  cons tan t s  a r e  given in Tab le  2. 

Compound (VI) (of. Table  2) was  a l so  p r o d u c e d  by r eac t i ng  (V) with methano l :  

CI~POCHCH2CH~C1 @ CHaOH- ~ CHaOPOCHCH2CH.C1 
I (c~m~.N I 1 " 

CHs  C1 CHa 

When (VI) was  hea ted  with an e q u i m o l a r  quant i ty  of sul fur ,  the c o r r e s p o n d i n g  d e r i v a t i v e  of th iophos -  
p h o r i c  ac id  was  obtained:  

s 
fl 

CHa0POCHCH~CH2C1 -~- S ~ CHa0POCHCH2CH~C1 
I I t I 

Cl CH3 CI CHa 
0X) 

EXPERIMENTAL 

Reactions of 3,3-Dimethyloxetane or 2-Methyloxetane with Phosphorus Trichloride or Alkyldiehloro- 
phosphines .  An a lky ld ich lo rophosph ine  (or PCI3) was  p l aced  in a f o u r - n e c k e d  f l a sk  p r o v i d e d  with a s t i r r e r ,  
a dropping funnel, a t h e r m o m e t e r ,  and a re f lux  condense r .  Oxetane  was  s lowly added (with s t i r r i n g  and wa-  
t e r - coo I ing )  in an equivalent  amount ,  o r  s l ight ly  [ess .  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  dur ing  the 
addit ion of the oxetane  was  ma in ta ined  at 25-40 ~ When the t e m p e r a t u r e  d ropped  to 25-20  ~ the r e a c t i o n  
mix tu r e  was  dis t i l led.  The cons tan t s  of the p r o d u c t s  (I-VIII) a r e  given in Tab les  I and 2. 

H y d r o l y s i s  of the Addit ion P r o d u c t  of P h o s p h o r u s  T r i e h l o r i d e  and 2 -Methy loxe tane .  To 26 g of w a t e r  
and 150 ml of benzene were added 51 g of the addition product of PC1 a and 2-methyloxetane. The mixture 

was heated at the bailing temperature of benzene for 8 h. Then benzene was driven off under normal pres- 

sure, and the residue was distilled at i0 ram. After the first distillation, 22.4 g of crude chlorobutanol 

were obtained; bp 50-53 ~ (I0 ram); nD 2~ 1.4430. After drying over MgSO 4 and fourfold distillation, the l- 
chlorobutanol-3 obtained had bp 60 ~ (i0 ram); d42~ 1.0825; nD 2~ 1.4420. 

Oxidation of l-Chlorobutanol-3. A mixture of 17 g K2Cr2OT, 14.1 g H2SO 4 and 8.5 g water was added to 
6.2 g of ehlorobutanol dissolved in 100 ml of ether. The mixture was stirred for i0 h; then the ethereallayer 

was thrice extracted with ether. The ethereal extracts were dried over CaCI 2 and distilled. After the first 
distillation 4 g of fi-chloroethyl methyl ketone were obtained; bp 50-51 ~ (15 ram). The second distillation 

yielded 3.6 g of fi-chloroethyl methyl ketone withbp 43 ~ (13 ram); d42~ 1.0830; riD2~ 1.4326. Found: C 45.21; H 6.76%. 
C4H7OCI. Calculated: C 45.07; H 6.57%. Aecordingto [6], bp 53 ~ (15 ram), 
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React ion of ~ - M e t h y l - ' / - d i e h l o r o p r o p y l  Phosphorous  Acid Dichloride with Methanol. To 13 g of oz- 
me thy i -7 - ch lo rop ropy l  phosphorous  acid dichloride,  d issolved in 150 ml  of pe t ro l eum ether  and cooled to 
- 1 0  ~ was slowly added a mix tu re  of 2 g methanol  and 6.3 g (C2Hs)3N dissolved in 50 ml  e ther .  After  2 h 
(C2Hs)3N-HC1 was f i l t e red  off, and the e therea l  solution was distilled; 4 g of (VI) we re  obtained; bp 89-91 ~ 
(11 ram); d420 1.2310; nD 20 1.4710. Found: P 15.28%. CsHI102PC12. Calculated: P 15.10~. 

React ion of Methyl c~-MethyI-7- chloropropyl  Phosphorous  Acid Chloride (VI) with Sulfur. A mix tu re  
of 3.8 g of (VI) and 0.5 g of S was heated for  30 mii~ at 140-160 ~ and 1 g of thiophosphate (IX) was obtained; 
bp 80-82 ~ (0.25 mm);  d420 1.2953; nD 20 1.5018. Found: P 12.84%. CsHiiO2PSC12, Calculated: P 13.08%. 

Analys is  of chlorobutanol was c a r r i e d  out on chromatograph  Pye-104 with a different ial  f l ame- ion i -  
zation detector ,  using a g lass  column (length 3 m, inner  diam. 0.5 cm). The s ta t ionary  phase  consis ted of 
f luor inated s i l icone oil QF-1  appl ied onto " g a s c h r o m  Q~ (80/120 mesh) .  The t e m p e r a t u r e  of the column 
was 75 ~ The ra t e  flow of the gas  c a r r i e r  (argon) was 25 m l / m i n .  The weight of the sample  was 0.5 g. 

C O N C L U S I O N S  

React ions  of phosphorus  t r i ch lo r ide  or  a lkyldichlorophosphines  with 3 ,3-dimethyloxetane or  2 -me thy l -  
oxetane yields  (alkyl) f l , f i -dimethyl-~/-chloropropyl  phosphorous  acid  (di)chlorides or  (alkyd ~ - m e t h y l - ? -  
chloropropyl  phosphorous  acid  (di)chlorides r e spec t ive ly .  

I. 

2. 
3. 
4. 
5. 
6. 
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