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N-Phosphorylated lactams 
2.* Reversible phosphorylation of silyllactams 

A. B. Ouryupin,* L A. Rakhov, V. A. Kolesova, P. V. Petrovskii, T. A. Mastryukova, and M. L Kabachnik 

A. N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, 
28 ul. Vavilova, 117813 Moscow, Russian Federation. 

Fax: +7 (095) 135 5085 

The phosphorylation of N-trimethylsilyllactams by phosphorus(n[) acid chlorides results 
in corresponding N-phosphinolactams in high yields. The derivatives thus obtained have 
been used in the synthesis of N-phosphoryl- and N-thiophosphoryllactams. The reversibility 
of the reaction of phosphinolactams has been established. 
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Recently we have suggested an approach to the 
synthesis of N-phosphoryllactams based on treating corre- 
sponding 7-, 5-, and ~-silyllactams with phosphorus(v) 
acid chlorides. 1 It was also of interest to extend the 
synthetic capabilities of this reaction and to use it for 
obtaining phosphorylated ]3-lactams. z,3 

We have studied the interaction of the N-silylated 
derivative of 3,3-dimethyl-4-phenylazetidin-2-one (1), 
the most available [3-1actam, 4 with chlorides of phosphinic 
(2a,b) and dialkylphosphoric (2c,d) acids. Phosphoryl 
chlorides 2a,b react with 1 at the nitrogen atom (as in 
the case of five-, six-, and seven-membered silyllactams) 
resulting in N-(diphenylphosphoryl)- and N-(dibutyl- 
phosphoryl)azetidin-2-ones (3a,b) in 62 and 74 % yields, 
respectively. However, in the reaction of phosphorylation, 
the reactivity of compound 1 is lower than those of 
silyllactams previously studied resulting in the increase 
of the reaction time from 3 (see Ref. 1) to 16 h 
(acetonitrile, 80--90~ 

Interaction between 1 and dialkyl chlorophosphates 
2e,d is still slower. The reaction proceeds with the 
satisfactory rate only at 110--115 ~ but these condi- 
tions resulted ill formation of complex mixtures of com- 
pounds, and N-phosphoryllactams 3e,d were isolated 
only in 27 and 9 % yields, respectively. 

o/•N,,, ph + R1R2p(o)cI M e C N  _ _ _ ~ P h  

SiMe9 2a- -d  0 q ' 'P (O)R1  

1 3a - -d  

R ~ = R 2 = Ph (a); Bu (b ) ;  EtO (c); priO (d) 

R 2 

* For communication 1 see Ref. I. 

Previously, we interpreted the low yields of N-phos- 
phorylated derivatives of five-, six-, and seven-membered 
lactams from competitive phosphorylation at the oxygen 
atom resulting in the formation of dialkyl(trimethyl- 
silyl)phosphates, but the generation of silylphosphates 
was not observed in the reaction of dialkyl chloro- 
phosphates with lactam 1. This can probably be ex- 
plained by the rigid geometry of the four-membered 
ring, which hinders the formation of an O-phosphorylated 
intermediate with an endocyclic C=N bond. 

The possible cause of the low yields of compounds 
3e,d is their decomposition under the reaction condi- 
tions. The periodic 31p NMR monitoring the composi- 
tion of the reaction mixture showed that only N-phos- 
phoryllactams 3e,d were generated at the initial step of 
the process. The highest yields of these compounds (36 
and 20 %, respectively) were reached when keeping the 
reaction mixture at 110--115 ~ for 14--20 h. Further 
heating decreased the content of 3e,d in the mixture and 
caused the formation of a large number of by-products. 
The attempts to phosphorylate 1 in the presence of 
nucleophilic catalysts, N-methylmorpholine and 4-di- 
methylaminopyridine, failed, as in this case the process 
of the decomposition of 3e,d became predominant even 
at a lower temperature (65--70 ~ 

As we failed to obtain N-phosphoryllactams from 
dialkyl chlorophosphates and silyllactams in high yields, 
we studied the possibility to synthesize them via the 
phosphorus(Ill) derivatives. Recently phosphorus trichlo- 
ride was shown to interact with N-(trimethylsilyl)pyrro- 
lidone (4) and N-(trimethylsilyl)caprolactam (5) with 
the substitution of all three halogen atoms for the nitro- 
gen atom of the lactam ring. s We investigated the reac- 
tion of monochlorides of phosphorus(m) acids (6) with 
lactams 4 and 5. The reaction proved to proceed as 
readily, as in the case of PCI 3. The analyses of reaction 
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mixtures by 31p NMR spectroscopy showed the phos- 
phorylation to be regioselective and to result in the 
corresponding N-phosphinolactams 7 and 8 in 63-- 
92 % yields. 

/ 
MeaSiN + R 1R2pcI 9 ~0 ~ ~, 

0/~ (CH2)n 6a,c,e--g 

4, 5 

R 1 R 2 p N ~  

0 ~ (CH2)n 

7a,c,e--g,  8e 

+ MeaSiCl 

R 1 = R 2 = Ph (a); EtO (e); 
R 1 + R 2 = 0(0H2)30 (e); 0(0H2)20 (f); OCHMeCH20 (g); 
n=  1 (4, 7);3(5, 8) 

1,1 '-  Ethoxyphosphinylidenebis(2-pyrrolidone) (10) 
was obtained in the similar way from ethyl dichloro- 
phosphite 9 and two equivalents of 4 in 94% yield. 

O )  { -Me3Si~ 
9 

4 10 

Compounds 7e,e--g and 10 are viscous colorless 
liquids. Phosphinolactams 7a and 8e are solids. The 
structure of compounds 7, 8, and 10 was confirmed by 
[R and IH and 31p NMR spectroscopy and elemental 
analysis data. 

N-Phosphinolactams 7e,e--g, and 10 are oxidized by 
nitrogen monoxide and sulfnr at 80~ resulting in the 
corresponding derivatives of tetracoordinated phospho- 
rus ( l ie ,e ,  12e,e--g, 13) in high yields. 

R 1R2pN/---] 

7c,e- -g  

/ - - - q  
NO, C6H6 ~ RIR2p_N' I 

80 oc I~ .& ! 
Oo/~ 

1 1 c,e 

S, 06H6 ~ R 1 R 2 p _ N ~  
8 0 ~ 1 7 6  I 

12c,e--g 

lO 

S, C6H 6 
80 ~ 

2 

EtO +O l \ P  N 
S// 

The approach to the synthesis of N-(dialkoxy- 
phosphoryl)lactams l le,e via phosphorus(ul) derivatives 
has some advantages over the method reported previ- 
ously ] because of the ease of the experiment and higher 
yields (50--60 %). Thiophosphorylated lactams 12e,e--g 
and 13 were not described before. 

We also used the interaction of N-trimethylsilyllac- 
tams with phosphorus(m) acid chlorides for obtaining 
phosphorylated 13-1actams. Heating the mixture of 1 and 
chlorophosphites 6c,e at 50~ for 7 h resulted in 
N-phosphinolactams 14c,e in 81 and 7 1 %  yields, respec- 
tively (31p NMR data). 

~ N P h  @ P h  + 
+ R 1R2PC1 50 oc ~ Me3SiC 1 

O/.~N..pR1 R 2 0 "/ "SiMe3 6r 

1 14c,e 

As compounds 14c,e are viscous oily substances eas- 
ily hydrolyzable by atmospheric moisture, they were 
oxidized to the corresponding derivatives of phosphoric 
acid 3e,e without isolation and purification. The total 
yields of dialkoxyphosphoryl-[~-lactams 3e,e thus ob- 
tained were 40 and 42 % from 1, exceeding the yields of 
phosphoryllactams obtained by treating 1 with chloro- 
phosphates. 

Study of the influence of the reaction conditions on 
the yields of N-phosphinolactams elucidated the re- 
versibility of the reaction of phosphorus(H0 acid chlo- 
rides with silyllactams. In most experiments the only 
partial conversion of an acid chloride to a phosphinolac- 
tam was observed at the equimolar ratio of the reagents 
even when keeping the reaction mixture for two months. 
31p NMR study of the mixtures of individual phosphino- 
lactams 7a,e,e,g and 8e with trimethylchlorosilane 
showed that their composition is similar to those of the 
mixtures obtained in the reaction of silyllactams 4 and 5 
with phosphorus(lll) acid chlorides 6a,e,e,g. These re- 
sults allowed us to conclude that the process investigated 
is equilibrium one. At room temperature the equilibrium 
was established faster than in 1 h. At the equimolar 
ratio of reagents the equilibrium point could be inferred 
by the conversion of 6. In most cases the latter ranges 
from 63 to 92% (Table 1) except for the reaction be- 

Table 1. Equilibrium point in the reaction of silyllactams 4 and 
5 with phosphorns(nl) acid chlorides 6 at 20 ~ 

Silyllactam Acid chloride c~ (%)a 

4 6a 87.2 b 
4 6c 91.6 
4 6e 63.0 
4 6f 89.3 
4 6g 89.2 
5 6e 67.3 

Note: c~ is equilibrium conversion of the acid chloride, a Without 
13 solvent; b in benzene. 
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tween 4 and 9, in which the equil ibrium is comple te ly  
shifted to phosphinolac tam 10. 

Incomple te  conversion of  reagents was also observed 
in the  react ion of  chlorophosphi tes  with silyl-[3-1actam 
1. In  this case the max imum conversion of  a chloro-  
phosphi te  at 50~ was reached in 7 h and comprised  
81% for tie and 72% for 6e at the  equimolar  ratio of  
starting compounds .  The further heating of  the react ion 
mixtures did not  cause the change of  the  composi t ion ,  
so we can assume this react ion to be also an equil ibrium. 
The possibili ty of  the reverse process was not studied, as 
compounds  14c,e were not isolated in analyt ical ly pure 
state. 

The investigation of  the interact ion between 4 and 
6e,d at various temperatures  showed that  a tempera ture  
decrease for 25~ resulted in the 4 - -6  % increase of  the 
yield of  phosphinolac tams 7e,d. The yield of  7e in the 
react ion of  4 with 6e at the t empera tu re  in a range from 
- 6  to +70~ varied from 65 to 56%, being in accord 
with variat ions of  the equil ibrium constant  from 3.45 to 
1.64 (Table 2). The value of  AH of  the react ion was 
est imated as - 7 . 6  _+ 1.6 kJ" tool - l  on the basis of  the 
l inear dependence  of  lnKeq oll 1/T. So, the tempera ture  
decrease is favorable for the increase of  the  yield of  7. 
The most  convenient  tempera ture  for the  synthesis of 
phosphinolac tams 7 is 20~ as in this case the ratio 
between the process rate and the conversion of  the 
starting compounds  is opt imum.  The increase of  the 
phosphino lac tam yield can also be achieved by applying 
the convent ional  methods  for the shift of  equil ibr ium 
point,  e.g., using the excess of  an acid chloride,  or 
removing MelSiCI  in vaeuo. 

As can be seen from the results obtained, the re- 
versibility is a common feature of  the reactions Of phos- 
phorus(m) acid chlorides with silyllactams. Varying the 
structure both of  the acid chloride and the silyllactam does 
not significantly influence the equilibrium point (Ta- 
ble 1). Going from five-membered acid chlorides 6f and 
6g to s ix-membered cyclic chlorophosphite tle results in 
some decrease of  conversion. At the same time, comparing 
the result of  the reactions of  6e with five- and seven- 
membered silyllactams 4 mad 5 shows that  the equilibrium 
point is slightly affected by the lactam cycle size. 

Table 2. Temperature dependence of the equilibrium constant 
in the reaction of 4 with 6e 

T/K Ot6e (%)a Ke q I/T" 10 3 In K b 

267 64.99 3.45 3.745 1.238 
293 61.41 2.53 3.413 0.928 
303 59.33 2.13 3.300 0.756 
313 58.75 2.03 3.195 0.708 
323 57.50 1.83 3.096 0.604 
333 56.90 1.74 3.003 0.554 
343 56.12 1.64 2.915 0.495 

a Equilibrium conversion (c~). b Calculated coefficients of the 
dependence InK = a(1/73 + b: a = 908.7, b = -2.19 (r = 
0.993, % = 0.0334, % = 48.6, % = 0.16). 

It is worthy of  not ice that  the reversibility of  phos- 
phorylat ion by phosphorus(m) acid chlor ides  manifests 
itself in an explicit  form only in thei r  react ions with 
silyllactams. This distinguishes the la t ter  compounds  
from other substances with N - - S i  bond. Thus,  the posi- 
t ion of  the possible equil ibrium is comple te ly  shifted to 
the formation of  amidophosphi tes  in the  react ion of 
N-silylated amines with chlorophosphi tes ,  but  there is 
only partial  shift in the react ion o f  N-si lyla ted amines 
with bromophosphi tes .  6,7 The reversibi l i ty of  phos-  
phorylat ion of  N's i ly la ted pr imary 8-9 and secondary 5 
amides has not been revealed. Taking into account  tile 
data on the reaction of  4 and 6, we call believe the 
equilibrium of  the reaction of  si lylated lactams with 
PC135 to be complete ly  shifted to the format ion  of  the 
amidophosphi te .  The factors influencing the equil ibrium 
point  in the phosphoryla t ion reactions of  compounds  
with N - - S i  bond are the subject of  further investigations. 

So, we have discovered the reversibility of  the reac- 
t ion of  phosphorus(m) acid chlorides with N- t r imethy l -  
silyllactams. We have also found that  the  equil ibrium 
po in t  can be eas i ly  shi f ted  to t he  f o r m a t i o n  of  
N-phosphinolac tams,  which have been isolated in high 
yields and used for obtaining phosphorus(v)  acid deriva- 
tives, phosphoryl-  and th iophosphoryl lac tams.  

Experimental 

IR spectra were taken on a UR-20 spectrometer in Nujol 
or in KBr pellets, tH and 31p NMR spectra were recorded on 
a Bruker WP-200-SY instrument at working frequencies of 
200.13 and 81.01 MHz, respectively, relative to hexamethyt- 
disiloxane as internal reference and 85% H3PO 4 as external 
reference. 

All synthetic procedures were performed in dry argon. 
Anhydrous solvents were used: acetonitrile was twice distilled 
from P205, and benzene was dried over sodium wire. Com- 
pounds 2b--d, 4, 5, 6c,e--g, and 9 were obtained by methods 
reported. 10-14 The purity of diethylchlorophospite 6c was 11o 
less than 95%. 

3,3-Dimethyl- 1-trimethylsilyl-4-phenylazetidin- 2-one (1). 
Hexamethyldisilazane (3.52 g, 21.8 retool) and trimethylchlo- 
rosilane (0.24 g, 2.2 mmol) were added to 3,3-dimethyl- 
4-phenylazetidin-2-one 4 (l.27 g, 7.25 mmol). The mixture 
was refluxed for 3 h to complete dissohttion of the crystals of 
the starting lactam. The mixture was evaporated at 8 Torr, and 
the residue was distilled in vacuo to give 1.62 g (90.3%) of 1, 
bp 98--101 ~ (0.1 Torr). Found (%): C, 67.56; H, 8.45. 
CI4H21NOSi. Calculated (%): C, 67.96; H, 8.56. JH NMR 
(CDCI 3, 8, ppm): 0.19 (s, 9 H, Me3Si); 0.7 (s, 3 H, CH3); 
1.38 (s, 3 H, CH3); 4.28 (s, 1 H, C HHC6H5); 7.18--7.33 (111, 
5 H, C6H5). 

3,3-Dimethyl- 1-(diphenylphusphoryl)-4-phenylazetidin- 
2-one (3a). A solution of 0.54 g (2.18 mmol) of 1 and 0.52 g 
(2.18 mmol) of chloride 2a in 5 mL of MeCN was heated for 
16 h at 80--85 ~ The mixture was evaporated in vacuo 
(15 Torr), and the solid residue was crystallized from MeCN 
to give 0.51 g (62.2%) of lactam 31, nap 185--187 ~ Found 
(%): C, 73.61; H, 6.07; P, 8.50. C23H22NO2P. Calculated 
(%): C, 73.59; H, 5.91; P, 8.25. IR (KBr, v/cm-I) :  1757 
(C=O), 1205 (P=O). IH NMR (C6D6, ~5, ppm, J/Hz)! 0.54 
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(s, 3 H, CH3); 1.04 (s, 3 H, CH3) , 4.67 (s, 1 H, CHC6H5); 
6.90--7.09 (m, l i  H, Ph2PO-(m- and p-), C6HsCH); 7.88-- 
8.20 (dm, 4 H, Ph2PO-o, 3JpH = 34). 31p NMR (CH2C12, 
8, ppm): +17.6. 

1 - (Dibutylphosphoryl) - 3,3-dimethyl-4-phenylazetidin-2-one 
(3b) was obtained in a way similar to that used for 3a by 
heating a solution of 0.71 g (2.87 mmol) of  1 and 0.56 g 
(2.87 mlnol) of  2b in 6 mL of M e C N  for 16 h at 80--95 ~ 
Then the volatile compounds were removed in vacuo  (15 Torr), 
and the residue was purified by flash-chromatography on silica 
gel L 100/160 gm (Et20 as the eluent) to give 0.69 g (74.3%) 
of 3b as a viscous colorless oil. Found (%): C, 67.31; H, 9.13; 
P, 8.79. CI9H30NO2P. Calculated (%): C, 66.85; H, 9.35; P, 
9.58. I H N M R  (C6D6, 8, ppm,  J / H z ) :  0.59 (s, 3 H, 
CH3C(CH3)CO); 0.71 (dt, 6 H, (CH3(CH2)3)2P, JI = 7.2 
and ~ = 15.2); 1.14 (s, 3 H, CHH_3C(CH3)CO); 1.11--2.05 
(m, 12 H, (CH3(CH2)3)2P); 4.62 (s, 1 H, CHC6H5); 7.01-- 
7.17 (m, 5 H, C6H5). 31p N M R  (CH2C12, ~3, ppm): +41.8. 

1- (Diethoxyphosphoryl) -3,3-dimethyl-4-phenylazetidin-2- 
one (3c). (a) Synthesis from 1 and 2c. A mixture of 1.69 g 
(6.83 mmol) of 1, 1.18 g (6.83 mmol) of  2c, and 14 mL of 
MeCN was heated in a sealed tube for 14 h at 110--115 ~ 
The mixture was then diluted with 40 mL of Et20 and washed 
with water, with saturated aqueous solution of NaHCO3, and 
again with water. The organic layer was dried over anhydrous 
Na2SO4, the solvent was removed in v a c u o  (15 Torr), and the 
residue was purified by flash-chromatography on silica gel 
L 40/100 btm (acetone--pentane,  1 : 3, as the eluent) to give 
0.58 g (27.4%) of 3e as a viscous oil. Found (%): C, 57.85; 
H, 7.33: P, 9.18. CIsH22NO4P. Calculated (%): C, 57.87; 
H, 7.12; P, 9.95. IR (film, v /cm-I ) :  1780 (C=O), 1275 (P=O), 
1030, 980 (POC). IH N M R  (C6D6, 8, ppm, 3"/Hz): 0.56 (s, 
3 H, CH3C(CH3)CO); 0.97 (dr, 6 H, (CH3CH20)2P, JI = 
3.3 and & =7.1) ;  1.11 (s, 3 H, CH3C(CH3)CO); 3.91--4.07 
(m, 4 H, (CH3CH20)2P, g = 7.5); 4.58 (s, 1 H, CHC6H5); 
7.00--7.17 (m, 5 H, C6H5). 31p N M R  (CH2C12, 5, ppm): 
-8.44. 

(b) Synthesis from 1 and 6e. A mixture of 0.63 g 
(2.55 mmol) of I and 0.4 g (2.55 mmol) of  6e was kept for 
7 h at 50~ Then the volatile compounds were removed in 

vacuo  (1 Torr). The residue was dissolved in 10 mL of ben- 

Table 3. N-Phosphinolactams R 2/ O,~/ (CH2)n 

zene, and dry NO was passed through the solution for 1.5 h at 
80~ The reaction mixture was sequentially washed with 
water, with saturated aqueous solution of  NaHCO3, and again 
with water, dried over anhydrous Na2SO4, and evaporated. 
The residue was chromatographed on silica gel L 40/100 btm 
(acetone--pentane, 1 : 3, as the eluent) to give 0.33 g (42%) 
of 3c. The spectral data for the compound obtained is similar 
to that of 3e synthesized from l and 2e. 

I - (Diisopropoxyphosphoryl)- 3,3 -dimethyl-4-phenylazetidin- 
2-one (3d) was obtained in a way similar to that used for 
compound 3e by heating a mixture of  1 (2.11 g, 8.77 mmol), 
2d (1.76 g, (8.77 mmol), and 18 mL of  MeCN for 35 1l at 
90--110 ~ Flash-chromatography on silica gel L 110/160 
/am (acetone--pentane, 1 : 4, as the eluent) resulted in 0.27 g 
(9.1%) of 3d as a viscous oil. Found (%): C, 59.92; H, 8.21; 
P, 9.13. CITH%NO4P. Calculated (%): C, 60.17; H, 7.72; P, 
9.13. IH N M R  (C606, 5, ppm, J / H z ) :  0.55 (s, 3 H, 
CH3C(CH3)CO); 1.02--1.14 (m, 12 H, ((CH3)2CHO)2P); 1.09 
(s, 3 H, CH3C(CH3)CO); 4.54 (s, t H, C HC6H5): 4.57-- 
4.85 (m, 2 H, (CH3)2CHO)2P); 6.97--7.19 (m, 5 H, CoHs). 
31p N M R  (CH2C12, ~5, ppm): -10.6.  

N-Phosphinolaetams 7 and 8 (general procedure). Acid 
chloride 6 (26.6 mmol) was added to silyllactam 4 or 5 
(26:6 mmol) during 15 min with stirring. The mixture was 
kept for 1--2 h at -20~ and the volatile compotmds were 
removed in vacuo  (8 Torr). Phosphinolactams 7 and 8 were 
isolated from the residue either by distillation in vacuo (0.5 Torr) 
in the case of 7c,e--g,  and 8e or by crystallization in the case 
of 7a. Yields, physical constants, and spectral data for the 
compounds obtained are given in Tables 3 and 4. 

1,1"-Ethoxyphosphinylidenebis(2-pyrrolidone) (10) was ob- 
tained from 9 (1.70 g, 11.6 mmol) and 4 (3.62 g, 23.2 mmol) 
as described for 7 and 8. Evaporating the reaction mixture in 

vacuo (0.1 Torr) gave 2.66 g (94%) of 10 as a viscous oil 
incapable to be distilled. IH N M R  (CDC13, ~5, ppm, J/Hz):  
1.28 (t, 3 H, CH3CH2OP, J = 7.0); 2.10 (quint, 4 H, 
CH2CH2CO, J = 7.5); 2.42 (t, 4 H, CH2CO, J = 8.0): 3.39 

(t, 4 H, CH2N, J = 7.0); 3.90--3.99 (m, 2 H, CH3CH2OP). 
31p N M R  (THF, ~5, ppm): +113. l. The compound obtained 
was used for the synthesis of  thio derivative 13 without addi- 
tional purification. 

Com- R 1 R 2 n Yield B.p./~ 
pound (%) ( p / T o r r )  

[M.p./~ 
(solvent) 

Empirical Found ,,~,, 
formula Calculated tT~ 

C H P 

7a Ph Ph 1 69.0 [129--132] 
(benzene) 

7c EtO EtO 1 69.3 95--102 
(0.5) 

7e -O(CH2)30- 1 76.6 118--120 
(0.5) 

7f -O(CH2)20- 1 73.0 112--114 
(1) 

7g -OCH(CH3)CH20-  I 72.9* 117--119 
(0.5) 

8e -O(CH2)30- 3 62.7 155--156(l) 
[93--96] 

C16HI6NOP 71.58 6.12 11.22 
71.37 5.99 11.50 

CsHj6NO3P 46.82 7.69 14.67 
46.83 7.86 15.09 

C7H12NO3P 43.93 6.38 16.12 
44.45 6.39 16.38 

C6HIoNO3P 41.28 5.97 16.77 
41.15 5.76 16.69 

C7Hz2NO3P 4Y90 6,13 16.30 
44.45 6.39 16.38 

CqH16NO3P 49.71 7.48 14.02 
49.77 7.43 14.26 

* Mixture of diastereomers, 1 : 3.15. 
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Table 4. Spectral data for phosphorylated lactams 

Corn- IR (v/era -1) 831p 

pound C=O POC 

tH NMR 
~3 

7a 1695 --  +31.0 

7c 1670 1030 +133.3 

7e 1680 1060 +122.5 

7f 1700 t025 +I26.6 

7g t700 995 +134.7 
+12%1 

8e 1640 1065 +123.7 

l l e  I735 1035 -1 .6  

l i e  1715 1050 -9 .5  

12c 1730 1030 +63.6 

12e 1725 1030 +57.6 

12f 1715 1040 +79.3 

12g a 1725 1020 +77.9 
+77.3 

1.11 (quint, 2 H, C H2CH2CO, J = 8.0); t.90 (t, 2 H, CH2CO, J = 8.3): 2.64 
(t, 2 H, CH2N, J = 7.8); 6.96--7.II  (m, 6 H, Ar); 7.20--7.36 (m, 4 H, At) 

1.18 (t, 6 H, (CH3CH20)2P, J = 7); 1.94 (quint, 2 H, CH2CH2CO. J = 7.6); 
2.32 (t, 2 H, CH2CO, J = 8.0); 3.45 (t, 2 H, CH2N, J = 7.0); 3.80 (dq, 4 H, 
(CH3CH20)2P, Jl = 7.0, J2 = 9.0) 

0.91--1.05 (m, i H, He-5); 1.44 (quint, 2 H, CH2CH2CO, J = 7.5); 1.79--2.0l 
(m, t H, Ha-5); 2.09 (t, 2 H, CH2CO, J = 8.0); 3.10 (t, 2 H, CH2N, J = 6.9); 
3.60--3.75 (m, 2 H, Ce-4,6); 3.92--4.07 (m, 2 H, Ca-4,6) 

1.89 (quint, 2 H, C_HzCH2CO, J = 7.5); 2.23 (t, 2 H, CH2CO, J = 8.0); 
3.30 (t, 2 H,CH2N, J = 7.0); 3.87--4.12 (m, 4 H, (CH20)2P) 

1.25 (d, 3 H, CH 3, isomer A, J = 6.1); 1.38 (d, 3 H, CH 3, isomer B, J = 6.0); 
1.93 (quint, 2 H, CH2CHzCO, isomer A, J = 7.5); 1.95 (quint, CH2CH2CO, 
isomer B, J = 7.3); 2.28 (t, 2 H, CH2CO, isomer A, J = 8.0); 2.31 
(t, 2 H, CH?CO, isomer B, J = 8.1); 3.24--4.45 (m, l H, Ce-5): 3.48 (t, 2 H, 
CH2N, isomer B); 3.51 (t, 2 H, CH2N, isomer A); 4.07-- 4.26 (m, 1 H, Ca-5); 
4.35--4.51 (m, 1 H, C-4) 

1.16--1.23 (m, t H, Ce-5); 1.26--t.50 (m, 6 H, (CHH2)3CH2CO); 1.50--t.70 
(m, 1 H, Ca-5); 2.31--2.42 (m, 2 H, CH2CO); 3.1 I--3.20 (m, CH2N); 
3.63--3.99 (m, 4 H, C-4, C-6) 

1.15 (t, 6 H, (CH3CH20)2P, J = 7.1); 1.92 (quint, 2 H, CH__2CH?CO, J = 7.5); 
2.27 (t, 2 H, CH2CO, J = 8.0); 3.54 (t, 2 H, CH2N, d = 7.0): 3.86--4.12 (m, 4 H, 
(CH3C_H20)2P) 

1.94--2.36 (m, 2 H, C-5); 2.08 (quint, 2 H, CH2CH2CO, J = 7.5): 2.43 (t, 2 H. 
CH2CO, J = 8.0); 3.74 (t, 2 H, CH2N, J = 7.0), 4.36--4.53 (m, 2 H, Ca-4, Ca-6) 

1.34 (t, 4 H, (CH3CH20)2P, J = 7.0); 2.05 (quint, 2 H, CH2CH2CO, J = 7.5); 
2.48 (t, 2 H, CH2CO, J = 8.[); 3.74 (t, 2 H, CH2N, J = 7.0); 4.19 (dq 
(CH3CH--20)2P, Jl = 7.0, "/2 = 10.0) 

2.05--2.17 (m, 4 H, C-5 and CH2CH2CO); 2.5t (t, 2 H, CH2CO, J = 8.1); 3.8t 
(t, 2 H, CH2N, J = 7.0); 4.48--4.61 (m, 4 H, C-4 and C-6) 

2.08 (quint, 2 H, CH2CH2CO, J = 7.5); 2.52 (t, 2 H, CH2CO, J = 8.0); 
3.85 (t, 2 H, CH2N, J = 7.0); 4.39--4.52 (m, 2 H, C-4 and C-5): 4.58--4.77 
(m, 2 H, C-4 and C-5) 

1.46 (d, 3 H, CH 3, J = 6.3); 2.05 (quint, 2 H, CH2CH2CO, J = 7.5); 
2.5l (t, 2 H, CH2CO, J = 8.0); 3.84 (t, 2 H, CH2N, J = 7.0); 3.95--4.08 
(m, 1 H, dioxaphosph, ring); 4.61--4.76 (m, I H, dioxaphosph, ring); 
5.03--5.22 (m, I H, dioxaphosph, ring) 

a 1H NMR spectrum of the diastereomer with 83tp +77.9 ppm is given. The IH NMR spectrum of another diastereomer is also 
consistent with the structure assumed. 

N-Phosphorylpyrrolidones 11. Dry NO was passed through 
a solution of 10 mmol of 7c,e in 20 mL of C6H 6 for 2 h at 
80~ The solvent was removed in vaeuo (15 Torr), and the 
residue was either distilled in vacuo (0.5 Torr, for 7e), or 
crystallized from ethyl acetate--hexane (for 7e). Yields, physi- 
cal constants, and spectral data for the compounds obtained 
are given in Tables 4 and 5. 

N-Thiophosphorylpyrrolidones 12 (general procedure). A 
mixture of 7 (5.18 retool), sulfur (0.17 g, 5.3 retool), and 
10 mL ofC6H 6 was refluxed for 3--5 h, and then the solvent 
was removed in vaeuo (15 Torr). The residue was dissolved in 
5 mL of CHCI 3, cooked to 5~ and filtered off from tile 
excess of sulfim The filtrate was evaporated, and the residue 
was either chromatographed on silica gel L 40/100 gm (petro- 
leum ether--ethyl acetate, 3 : 2, as the eluent) in the case of 
12c or crystallized in the case of 12e--g. Yields, physical 

constants, and spectral data for the compounds obtained are 
given in Tables 4 and 5. 

EthoxythiophosphoryUdenebis(2-pyrrolidone) (13) was ob- 
tained by heating 10 (t.4 g, 5.74 retool) and sulfur (0. t9 g, 
6.0 retool) as described for 12. Yield: 1.4 g (88.4%) of 13, 
mp 75.5--77.0 ~ (Et20). Found (%): C, 43.37; H, 6.0t; 
P, 11.16; S, 11.68. CIoH17N203PS. Calculated (%): 
C, 43.47; H, 6.20; P, 11.21; S, 11.69. IR (KBr, v/era-l) :  
1710 (C=O),  1040, 970 (POC). IH NM R  (CDCI 3, 
8, ppm, J/Hz): 1.32 (t, 3 H, C!!3CH2OP. J = 7.2); 2.05 
(quint, 4 H, C H2CH2CO, J = 7.4): 2.42 (t, 4 H, CH2CO, 
J = 8.0), 3.84 (t, 4 H, CH2N, J = 7.0), 4. t7 (d.quart, 
2 H, CH3C_H_H2OP, Jt = 7.2, and ~ = 11.4). 31p NMR 
(CHC13, 8, ppm): +54.8. 

2- (3,3- Dimethyl- 2-oxo-4- phenylazetidin- 1 -yl) - 1,3,2-di- 
oxaphosphorinane (14e). A mixture of I (0.61 g, 2.46 retool) 
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Table 5. N-Phosphorylpyrrolidones 

R 1 X 

R 2 0 ~- ' - - -  

Corn- R j R 2 X Yield 
pound (%) 

B.p./~ 
(p/Torr) 

[M.p./~ 
(solvent) 

Empirical Found (%) 
formula Calculated 

C H P S 

1 le  EtO EtO O 

l i e  --O(CH2)30-- O 

12c EtO EtO S 

82.5 108--110 a 
(05) 

62.6 [74.5--77.0] 
(MeCO2Et-- 
hexane) 

94.0 Oil 

12e --O(CH2)30-- S 8 6 . 1  [98--100.5] 
(MeCO2Et-- 
ether) 

12f --O(CH2)20-- S 69.0 [111--115] 
(MeCO2Et-- 
pentane) 

12g -OC(CH3)HCH20- S 86.9 b [87--89] 
(MeCO2Et-- 
hexane) 

a B.p. 98--110 ~ (0.5 Torr). t b Mixture of diastereomers, 1:1.23. 

and 6e (1.73 g, 12.33 mmol) was heated for 7 h at 50~ Then 
the volatile compounds were removed in vacuo (0.5 Torr) to 
give 14e as a viscous oil incapable of distillation. IH NMR 
(C6D6, & ppm, J/Hz): 0.84 (s, 3 H, CH3C(CH3)CO); 0.85-- 
0.90 (m, I H, He-5); 1.14 (c, 3 H, CH3C(CH3)CO); 1.91-- 
2.01 (m, 1 H, Ha-5); 3.58--3.79 (m, 2 H, He-4 and He-6); 
4.27 (s, 1 H, CHC6H5); 4.51--4.71 (m, 2 H, Ha-4 and Ha-6); 
6.95--7.08 (m, 5 H, C6H5). 31p NMR (CHCI3, 5, ppm): 
+112.2. The compound obtained was used for the synthesis of 
2-oxo derivative 3e without additional purification. 

2- (3,3-Dimethyl-2-oxo-4-phenylazetidin- 1-yl)-2-oxo-l,3,2- 
dioxaphosphorinane (3e). Dry NO was passed through a solution 
of 14e (0.28 g, 1.00 mmol) in 5 mL of C6H 6 at 80~ for 1.5 h. 
The reaction mixture was sequentially washed with water, satu- 
rated aqueous NaHCO 3 solution, and again with water and was 
dried over anhydrous Na2SO 4. The solvent was removed in vacuo 
(15 Torr), and the residue was crystallized from ethyl acetate-- 
pentane to give 0.12 g (42%) of 3e, nap 145--146 ~ Found 
(%): C, 57.28; H, 6.63; P, 10.38. CI4H18NO4P. Calculated (%): 
C, 56.95; H, 6.14; P, 10.49. IR (KBr, v/era-l): 1775 (C=O), 
1220 (P=O), 1055 (POC). IH NMR (C6D 6, ~5, ppm, J/Hz): 
0.53 (s, 3 H, CH3C(CH3)CO); 0.84--1.02 (m, 1 H, He-5); 1.04 
(s, 3 H, CH3C(CH3)CO); 1.11--1.36 (m, 1 H, Ha-5); 3.53-- 
3.83 (m, 2 H, He-4 and He-6); 4.12--4.28 (m, 1 H, Ha-4 and 
Ha-6); 4.30--4.54 (m, l H, Ha-4 and Ha-6); 4.64 (s, 
1 H, CHC6H5); 6.94--7.15 (m, 5 H, C6H5). 31p NMR(C6H6 ' 
6, ppm):-15.5. 
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