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In the react ions of aldehydes with alcohols acetals are obtained, not usually hemiacetals .  Only in 
rare cases  has it been found poss ible  to prepare stable hemiaeetals  when in the aldehyde the a - c a r b o n  
atom is  linked with a strongly electronegative atom or group of atoms.  Under the influence of the e lectron-  
attracting group the reactivity of the carbonyl carbon increases  to such an extent that such weak nucleo-  
philes as alcohols  are able to add readily with formation of Stable hemiacetals .  In the reactions of chloral 
with alcohols stable crystal l ine hemiacetals  are obtained: 

OH 
/ 

ROH -~ CClaCH0 ~ CCI3--CH 
\ 
OR 

The hydroxy group in these compounds has an alcoholic character and undergoes reactions charac- 
teristic for alcohols. The IR spectra (Fig. i) of chloral hemiaeetals contain a strong hydroxyl absorption 
band at about 3400 cm -I. The hydroxy group is also responsible for bands at 1290 cm -I (5OH planar) and 

TABLE 1 

Compound 

(C2H60)~P0~HCCh 

OCHa 
(CeH~0),POCHCCh 

OC2H~ 
(C~t{50)~PO~HCC[8 

OCaH7 
C~H~O)2PO~HCCIa 

OC,Hg 
(CaH,O)zPOCHCC]3 

I c o H3 
(C~HT0)~P0~HCCI3 

OC.-H~ 
(C.~H:0)~POCHCC14 

OC~H7 
(C~H~O):POCHCCI~ 

OC~H, 
(C4H~O)~PO~ItCC!3 

OCH~ 
(C4H~OJ~PO~HCC13 

OC~Hs 
(C4H~O)~PO~HCC17 

0C3H7 
(C~,K~O)2PO~itCCI3 

OC4H9 

y~01d, bp, ~ 
(p, ram) 

58,0 

61.7 

65.0 

64, 1 

50.0 

37.2 

54. I 

42,5 

59,5 

46.4 

51.8 

54.3 

126--128 
(10) 

126--128 
(9) 

72--74 
(0.03) 

84--86 
(0.03) 
79--81 
(0.03) 
80--82 
(0.025) 

84--85 
(0.025) 
91--93 
(0.03) 
95--97 
(0.025) 
97--99 
(0.025) 

92--94 
(0.025) 

105--107 
(0.03) 

1.4638 

1.4593 

1.4595 

1.4594 

1.4513 

1.4605 

1.4590 

1.4580 

1.4618 

1.4598 

1.4580 

1.4595 

1.2880 

1.2557 

1.2330 

1.19tO 

1.2311 

1.2023 

1.1810 

1.1'570 

1.1849 

1,1GhO 

1.1465 

1.1286 

MR* 

64.12 ~ 
63.84 

68.25 
68.45 

73,30 
73.08 

77.91 
77..59 

73,04 
73.07 

77.86 
77.69 

82.28 
82.31 

87,15 
86.94 

82.45 
82.31 

86.84 
86:93 
91.28 
91.55 

96.38 
96.17 

c,% 

27.50" 
28.05 

30.40 
30.62 

35.21 
35.14 

32.35 
32.97 

.H,% 

4.58* 
4.67 

5.04 
5,10 

5.43 
5,86 

5.20 
5.50 

p,% C;, % 

10.27" 34.92* 
1 0 , 3 5 3 5 . 5 5  

10,07 33.54 
9,88 33.97 

9 . 1 4 3 2 . 3 5  
9 , 4 6 3 2 . 5 2  

9.14 30.65 
9.08 31.18 

9.82 - -  
9.47 

8.92 31.10 
9.07 31.18 

9.01 - -  
8.72 

8.32 28.71 
8.38 28.82 

8. ~',2 - -  

8.72 28,72 
8.68839 28.82 

7.86 27.95 
808 27:!  
7.89 
7,80 

* T h e  u p p e r  v a l u e s  w e r e  found ,  and  the  l o w e r  w e r e  c a l c u l a t e d .  
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Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 3, pp. 593-602, March, 1968. 
Original article submitted July 3, 1967. 
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T A B L E  2 

Compound Yi~?d, (p,bP'mm)~ n~ d~20 S, % 

S 0CH~ 
II I 

(C~HhO)~POCHCC[a 
S 0C~H5 

S OC~H7 
II I 

(C2H~O)2POCHCCI. 
S 0C4H~ 

(C~HhO)~POCHCCI3 

63.0 

55.3 

53.7 

48.1 

84--85 
(0.035) 
80--82 
(0.025) 
92--94 
(o. o?~) 
9b--97 
(0.025) 

t .4810 

1.4766 

1,4760 

1.4745 

1.3406 

1.3069 

1.2787 

1.2505 

MR P, % ci, % 

70.25 1925 I 32"42~ 70.37* 969* 32,13 

74.55 I 9,05 30.97 
74.87 I 8.97 / a0,82 

/ 
79,41 8.44 30.30 
79.48 8 .62 29.62 
84.00 8.51 28.92 
84,10 8 .30 28.51 

* The upper  va lues  w e r e  found, and the lower  were  ca l cu l a t ed .  

9.29* 
9.65 
9.06 
9.26 
8.83 
8.90 

TABLE 3 

Compound Yield, bp, ~ n2D 0 20 % (p, mm) d, MR 

0 0C~H5 
(C~IIj0)zPOCHCCIs 

0 0C~Hg 
rr i 

(C~H~01~POCHCCI3 
00C~H7 
J I 

(Cr I~OCHCCI, 

* The upper  

48.8 

57.7 

45.4 

80--81 
(0~025) 
87--88 
(0.02) 

108--109 
(0.025) 

1.4510 

1.4510 

1.4520 

1.3148 

1.2549 

1.1888 

67,48" 
67.39 
76.71 
76.61 
90.66 
90.47 

P, % Cl, % 

9.24: 32,45" 
9.41 32.32 
8.58 30.32 
8.67 29.79 
7.65 27.20 
7,75 26.66 

va lues  were  found, and the lower  were  ca l cu l a t ed .  

650 em -1 (5OH n o n p l a n a r ) .  The p r e s e n c e  of a C--O bond is  c o n f i r m e d  by i n t e n s e  a b s o r p t i o n  at 1100 cm -1, 
and a lso  by a band  at 1040 c m  -1. The s t r o n g  double t  at 800 and 830 cm -1 m u s t  be a s s i g n e d  to the CC13 
g roup .  The p r e s e n c e  of a~--CH group may  be ind ica ted  by the band  of m e d i u m  i n t e n s i t y  at 1340 c m  -1 [1]. 

In p r e s e n c e  of agen t s  for  the b ind ing  of hydrogen  ch lor ide  (under  su i t ab le  condi t ions)  by r e a c t i o n  with 

d ia lkyl  p h o s p h o r o c h l o r i d i t e s  ch lo ra l  h e m i a c e t a l s  give the  c o r r e s p o n d i n g  phosphorous  t r i e s t e r s :  

(RO)2 PC1 + HO--CH--CCI8 + (C2Ha)a N -~ (RO b , POCH--CCI~ -}- (C~H~)s N-!tCl 
I f 

OR' OR" 

Since the compounds  f o r m e d  con ta in  a complex  r a d i c a l  (a 1 - a l k o x y - 2 , 2 , 2 - t r i c h l o r o e t h y l  group) ,  the 
t e r v a l e n c e  of the phosphorus  p r e s e n t  is  in  need  of proof .  A group con ta in ing  ha logen  a toms  could p lay  the 
p a r t  of the alkyl  hal ide  in  the Arbuzov  r e a c t i o n ,  e s p e c i a l l y  at e l eva ted  t e m p e r a t u r e s .  In d i s t i l l a t i on ,  for  
example ,  i n t r a m o l e c u l a r  r e a r r a n g e m e n t  of phosphi te  into phosphonate  might  o c c u r .  With th is  objec t  we 
c a r r i e d  out the addi t ion  of su l fu r  and oxida t ion .  

The addi t ion  of su l fu r  goes with l i b e r a t i o n  of hea t  and f o r m a t i o n  of phosphoro th ioa tes :  

(RO)~. P--OCH--CCI,, q- S ~ (RO),. P--OCH--CCIa 
; If I 

OR' S OR" 

Oxidat ion of 1 - a l k o x y - 2 , 2 , 2 - t r i c h l o r o e t h y l  d ia lky l  phosphi tes  with n i t r o g e n  dioxide l eads  to the c o r r e -  
sponding  phospha te s :  

(RO)~ POCH--CCla + N,.04 -'-> (RO)~. P--OCH--CCla 
J rl I 

OR" 0 OR' 

The same phosphates are obtained in the reaetiolis of dialkyl phosphorochloridates with chloral hemiacetals [2] : 

(ROb P--C1 + HO--CH--CCIa+ (C2Hh)a N --* (RO),~ P--OCH--CCla + (C2H~)a N .HC1 

0 OR' 0 OR" 
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In the IR spectra the view that l-alkoxy-2,2,2-tricMoroethyl 

dialkyl phosphites are formed in the reactions of dialkyl phosphoro- 

chloridites with chloral hemiacetal is supported in the first place by 
the absence of the characteristic absorption of the I:~O bond. A 

series of intense bands in the region 860-1050 cm -I belongs to the 

vibrations of the C--O(P) group, and one of these (950 cm -i) is sensi- 

tive to the valence state of phosphorus and usually lies higher (980- 
990 cm -i) for phosphates. The so-called P--OC vibrations usually 
show up as a strong band at 755 em -i. The presence of the acetal 
group --C--O-C--O-- is confirmed by intense absorption (,I-5 bands) 
in the region 1050-1160 cm -i and some complication of the absorp- 
tion at about 1O00 cm -i. The band at 810-820 cm -I associated with 

the vibrations of the CCI 3 group told present in the spectra of the 
original hemiacetals is preserved in these spectra. The spectra of 
O- (I- alkoxy- 2,2,2-trichlor oethyl) O, O-dialkyl phospho rothioaie s con- 
tain a I>-~--S band at 630 cm-1 The displacement in this case of the 
band at 950 cm -I to 980 cm -I confirms the transition of the phos- 

phorus into the four-coordinated state. Also, the "P--OC" band is 
shifted toward the high frequencies to 800-830 cm-i where it merges 
with the CCI~ band. We must mention that the spectra of the phos- 
phites and phosphorothioates obtained contain weak absorption at about 
1290 cm -I indicative of the presence of small amounts of phosphate 
(Vl:~_ 0 . This probably indicates that intramolecular rearrangement 
occurs, though to a limited extent. 

The spectra of the phosphates, prepared by both methods, con- 
tain an intense band at 1290 em -i (I>~--O group). As in the case of the 
phosphorothioates the 950 cm -I band is shifted to 980 cm -i, and the 
so-called P--O(C) band is also shifted and becomes appreciably 
weaker. These changes correspond to the conversion of l-alkoxy- 
2,2,2-triehloroethyl dialkyl phosphites into the corresponding phos- 
phates (see Fig. i). In view of the fact that the phosphites being 
studied are mixed esters, it was of interest to study the reactions of 
these phosphites with alkyl halides, acyl halides, and chloral. The 
reactions of mixed phosphorous esters with halogen compounds can 
take two courses: 

o OR' 
j> Ro\ II 1 

R " X - -  R"/>P--OCH--CCh -I- RX 

0 X 
I R O .  ~t , I 

P--R -r CCIs--CH--OR' I -  -----> ) ' ,, 

ii RO 
o OR" 

RO., ![ l 
i---" )p--OCH--CCl~+ Rx 
, A e  

(RO)~ P--OCH--CCIa -4- AcX-- 0 
I x 
OR' L__ RO,. Ipl_OA~ I @ CCIBCH--OR' 

H B.O / 
0 OR' 

t RO. II ] 
"--'-'+ ~P--OCH--CCls + RCl 
~ CCI~=CHO/" 

CClsCHO-- i O C1 
R O , .  II I 

----~ Ro)P--OCH=CC12 ,-i- CCl~CH--OR' 

The  c o u r s e  of r e a c t i o n  d e p e n d s  n o t  o n l y  on  t h e  s t r u c t u r e s  of 
the alcohol residues in the phosphite, but also on the nature of the 
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Fig.  1. EL spec t ra :  1) 2 ,2 ,2 - t r i ch lo ro - l - e thoxye thano l  
(minera l  oil mull); 2) diethyl 2 , 2 , 2 - t r i c h l o r o - l - m e t h o x y -  
ethyl phosphite;  3) O,O-diethyl  O - ( 2 , 2 , 2 - t r i c h l o r o - l - m e t h -  
oxyethyl) phosphorothioate;  4) diethyl 2 ,2 ,2 - t r i ch lo ro -1 -  
methoxyethyl  phosphate .  

.o 

=: 

OD 

eO 

8O 

2~ 

80 

ZO 

----Z}00 tg,70 t~00 /ODO gO0 700 #00. #OOgcm "~ 

Fig. 2. IR spec t ra :  1) ethyl 2 , 2 , 2 - t r i c M o r o - l - m e t h o x y e t h y l  benzyl -  
phosphonate;  2) diethyl acetylphosphonate;  3) 2 ,2-dichlorovinyl  
diethyl phosphate .  

halogen compound. Invest igat ions showed that  in the case  of alkyl hal ides reac t ion  goes mainly  by the 
cou r se  I, but in the case  of acyl hal ides  and chloral  by the course  II. 

React ion between a 1 -a lkoxy-2 ,2 ,2 - t r i ch lo roe thy l  diethyl phosphite and benzyl  b romide  goes at 190- 
220 ~ The low-boil ing f rac t ion  of the product  was col lected in a t r ap  and found to be  ethyl b romide .  The 
high-boil ing product  co r responded  in i ts  phys icochemica l  data  to the 1 -a lkoxy-2 ,2 ,2 - t r i ch loroe thy l  ethyl 
benzylphosphonate .  The IR s p e c t r a  conf i rm the s t ruc tu re  of the organophosphorus  product .  They contain 
(Fig.  2) absorpt ion  in the 1100-1200 cm -1 region c h a r a c t e r i s t i c  for  the aceta l  group and a band at 820 cm -1 
due to the CCI 3 group.  In the s p e c t r a  of 1 -a lkoxy-2 ,2 ,2 - t r i ch loroe thy l  alkyl benzylphosphonates  the 1=~--O 
band is displaced by 30 c m - i  toward the low f requenc ies  re la t ive  to its posi t ion in the spec t r a  of 1-a lkoxy-  
2 ,2 ,2- t r ich loroe thyl  dialkyl phosphates .  There  is a s t rong band at 1460 era -1 (skeletal  v ibra t ions  of the 
phenyl nucleus [3]), and also bands assoc ia ted  with the v ibra t ions  of the phenyl r ing ~1500-1600 cm -1 (C=C), 
3030-3080 ( : C - - H ) ,  700 (5-----C--H), and 525 (nonplanar v ibra t ions  of r ing [4]) t .  
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The products of reaction between l-alkoxy-2,2,2-trichloroethyl diaikyl phosphites rand acetyl chloride 
were alkyl 1,2,2,2-tetrachloroethyl ethers and dialkyl aeetylphosphonates; their constants correspond to the 
reported values. The IR spectra of dialkyl acetylphosphonates contain a strong band due to C-~O stretch 
at 1710 cm -I. The absence of the above-described characteristic strong absorption of C--O--C--O and CCI 3 
groups supports the formation of dialkyl aeetylphosphonates and the selective elimination of the acetal 

fragment (see Fig. 2)~ 

In the reactions of l-alkoxy-2,2,2-trichloroethyl dialkyl phosphites with chloral rearrangement oc- 
curs. From the reaction mixtures we isolated alkyl 1,2,2,2-tetrachloroethyl ethers and dialkyl 2,2-di- 
chlorovinyl phosphates. This was confirmed by elemental and spectral analysis, and also by data in the 
literature. The IR spectrum of 2,2-dichlorovinyl diethyl phosphate contains absorption bands clue to the 
stretching vibrations of C=C and ~-~C--C bonds at 1650 and 3070 cm -I respectively. The formation of 
dialkyl 2,2-dichlorovinyl phosphates is confirmed by the appearance of a strong "PO--C" band at 1160 cm -I 
instead of the cha~oacteristic group of bands due to --C--O--C--O--. The absence of an acetal grouping is 
indicated also by tile simplification of the spectral picture at about I000 cm -i. The ratio of the intensities 
of the bands at 990 and 1290 cm -i, which is the same for 2,2-dichlorovinyl diethyl phosphate as for l-alk- 

oxy-2,2,2-trichloroethyl diethylphosphates, points to the unchanged number of ethoxy groups on the phos- 
phorus atom. The appearance of a peak at 850 cm -i and the diminution in the absorption intensity at 820 

em -I correspond to the replacement of the CCIa by the CCI 2 group (see Fig. 2). 

The different courses of the reactions of l-alkoxy-2,2,2-trichloroethyl dialkyl phospllites with benzyl 
bromide on the one hand and with acetyl chloride and chloral on the other suggest that two different reac- 
tion mechanisms operate. The reactions of l-alkoxy-2,2,2-trichloroethyl dialkyl phosphites with benzyl 
bromide pass through the Intermediate formation of quasiphosphonium salts. As shown previously for the 
reactions of esters of tervalent phosphorus acids with alkyl halides, in the reactions of mixed phosphorous 
esters with alkyl halides it is usually the most highly electron-donating group which splits off in the second 
stage of the Arbuzov reaction [5]. For example, when both AlkO and ArO groups are present in the phos- 
phite, in all cases without exception the alkyl chloride is eliminated; in 2-chloroethyl diethyl phosphite 
ethyl chloride, not 1,2-dichloroethane, is eliminated. In view of the fact that these transformations are 
described by the classical scheme of the Arbuzov rearrangement, we considered it possible to represent 
our reaction by the following scheme: 

RO FRO" + Br- 
+ C~HsCH2Br-* R0 / [ Ro)P_O~H_CC18 ' ">P --OCH--CCla 

OR' [ CBHs!H~. OR" 
O 

R O  \ II 
-* /~P--OCH--CCla + RBr 

C6H~CH2 [ 
OR" 

J 

In the case  of acetyl  chlor ide and chloral ,  as the alkyl halide in the reac t ions  with 1-alkoxy-2,2 ,2-  
t r i ch loroe thy l  dialkyl phosphites the alkyl 1 ,2 ,2 ,2- te t rachloroethyl  e ther  is e l iminated.  In view of the fact  
that the molecules  of acetyl  chlor ide and chloral ,  and also of 1-a lkoxy-2 ,2 ,2- t r ich loroe thyl  dialkyl phos-  
phites,  are  strongly polar ized,  we cons idered  that a cycl ic  reac t ion  mechanism probably opera tes .  For  
the reac t ions  of acetyl  chloride with 1-a lkoxy-2 ,2 ,2- t r ieh loroe thyl  dialkyl phosphites ,  as one of the poss i -  
ble var ian ts  we may propose  t rans format ion  into the dialkyl acetylphosphonate via a f i ve -cen te r  t r an s i -  
t ion complex.  

,~ O,x. O O O 
P--OCH--CC,~ �9 CH~COC~----- ROx'i~'~ II ~~ 11 

Ro/P- -CCH~ ~o/ ~, .o/~ 
CI 

CH 
R'O / \CCI a 

The reac t ions  of chloral  with 1-a lkoxy-2 ,2 ,2- t r ich loroe thy l  dialkyl phosphites go by the cycl ic  mech-  
anism proposed in [6] 
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R'OCH~COI 8 I 
CJ 

or  [71 

Ro\..~ o ~  

R'O / N,C Ela 

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

IR spec t ra  were determined with a UR-10 spect rophotometer  with slit p rog ram 4 and with other con- 
ditions in accordance  with the instruct ions with the inst rument .  Solid samples were prepared  as mineral  
oil mulls .  

1 - A l k o x y - 2 , 2 , 2 - t r i c h l o r o e t h y l  D i a l k y l  P h o s p h i t e s  

The procedure  for  the prepara t ion  of t r ia lkyl  phosphites descr ibed in [8] was used. A four-necked 
flask fitted with s t i r r e r ,  t he rmomete r ,  reflux condenser ,  and dropping fmmel was charged with an e thereal  
solution of 1 mole of the 1-a lkoxy-2,2 ,2- t r ichloroethanol  and 1 mole of the organic base (triethylamine). 
The mixture was cooled to between - 1 0  and - 1 5  ~ and with vigorous s t i r r ing  1 mole of the dialkyl phos-  
phorochloridi te  was added dropwise at such a ra te  that the t empera tu re  of the mixture did not r i se  above 
-5~. The hydrochlor ide of the base was precipi tated.  To complete the react ion the mixture was left over -  
night. The precipitate was f i l tered off and washed severa l  t imes on the fil ter with ether.  The f i l t rate  was 
vacuum-evapora ted ,  and the residue was vacuum-dis t i l led  two or  three  t imes.  

The physicochemical  constants of the phosphites so obtained are  given in Table 1. 

A d d i t i o n  o f  S u l f u r .  A mixture of 12.2 g of diethyl 2 ,2 ,2 - t r i ch loro- l -methoxye thy l  phosphite 
and 1.31 g of sulfur powder was p repared  in a f lask with a reflux condenser .  The mixture was heated. 
When the tempera ture  re~ ~hed 90% it suddenly rose  spontaneously to 150 ~ and the sulfur dissolved com-  
pletely; the liquid became slightly yellow. After two distillations we obtained 9 g (63%) of O,O-diethyl 
O - - ( 2 , 2 , 2 - t r i c h l o r o - l - m e t h o x y e t h y l )  phosphorothioate,  bp 84-86 ~ (0.035 ram). All the other phosphorothioic 
e s te r s  were p repared  s imi lar ly .  Their physieochemical  constants are  given in Table 2. 

O x i d a t io  n .  The oxidation of 1-a lkoxy-2,2 ,2- t r ichloroethyl  dialkyl phosphites was c o n d u c t e d  by the 
procedure  proposed in [9]. Physicochemical  data for the phosphates obtained are presented in Table 3. 

R e a r r a n g e m e n t  w i t h  B e n z y l  B r o m i d e  

A mixture of 11.8 g of diethyl 2 ,2 ,2 - t r i ch lo ro- l -methoxye thy l  phosphite and 6.8 g of benzyl bromide 
was p repared  in a flask fitted with a Dean-Stark t rap and a reflux condenser .  The mixture was heated in 
an oil bath. At a bath t empera tu re  of 190~ the tempera ture  of the mixture rose  sharply to 205% and the 
liquid s tar ted  to boil. Ethyl bromide collected in the t rap .  The bath tempera ture  was kept at 225 ~ , and 

in the course  of 1.5 h 2.8 ml (73.7%) of ethyl bromide collected. The liquid stopped boiling. The product,  
which had turned yellow, was vacuum-dis t i l led  twice. We obtained 6.5 g (45.8%) of product,  bp 118-120 ~ 
(0.025 mm). 

All the remaining 1-a lkoxy-2 ,2 ,2- t r ichloroethyl  alkyl benzylphosphonates were prepared  analogously 
(Table 4). 

R e a r r a n g e m e n t  w i t h  A e e t y l  C h l o r i d e  

Acetyl chloride (13.8 g) was added dropwise with vigorous s t i r r ing  to 52~ g of the 1-alkoxy-2,2,2-  
t r ichloroethyl  diethyl phosphite at such a rate that the tempera ture  of the react ion mixture did not r i se  
above 30 ~ The mixture was then heated in a water  bath for 20-30 min to complete the reaction.  As a 
resu l t  of fract ionation we obtained 23.5 g (67~5%) of methyl 1,2,2,2-tetraehloroethyl  ether,  bp 92-94 ~ (20 ram), 

580 



and 15.4 g (45~ of diethyl acetylphosphonate, bp i01-i02 ~ (8 ram). The rearrangement of the other phos- 
phites was conducted under similar conditions. Physicochemical constants of the products are given in 

Table 5~ 

Rearrangement with Chloral 

A four-necked flask fitted with stirrer, thermometer, reflux condenser, and dropping funnel was 
charged with 7.7 g of diethyl 2,2,2-trichloro-l-methoxyethyl phosphiteo Chloral (3~ g) was added dropwise 
with vigorous stirring. The reaction went with liberation of heat, and the reaction temperature was kept 
in the range 35-40 ~ by varying the rate of dropping and by cooling. By fractionation we isolated 2.4 g 
(47.2%) of methyl 1,2,2,2-tetrachloroethyl ether, bp 55-56 ~ (i0 mm), and 5 g (78.1%) of 2,2-dichlorovInyl 
diethyl phosphate, bp 122-123 ~ (I0 ram). The rearrangement of the other phosphites was conducted under 
similar conditions. Physicochemical constants of the products are given in Table 6. 

C O N C L U S I O N S  

1~ Reactions of chloral  hemiace ta ls  with dialkyl phosphorochlor idi tes  were studied. They lead in 
high yields to phosphorylated chloral  hemiace ta is  containing te rva lent  phosphorus.  

2. By the addition of sulfur  and by oxidation the corresponding phosphorothioates and phosphates 
were  obtained. 

3. The react ions  of 1-alkoxy-2,2,2-triehloroethyl dialkyl phosphites with benzyl chloride and with 
acetyl  chloride and chloral  take different  cou r se s .  Possible mechanisms for these reac t ions  are  proposed.  
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