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PART V: 0-ALKYL SUBSTITUTION EFFECTS ON 

THE 31P-NMR SPECTRA OF PHOSPHORAMIDATES 
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The N-(0,O-dialkyl) phosphoryl derivatives of amines and amino acids demonstrated additive 0- and 
N-alkyl substitution y,  S and E effects on the 31P-NMR spectra. In general, the 0-alkyl substitution 
generated much more profound influence than the N-alkylated one. 

Key words: Additive steric effects; 31P-NMR shifts; N-(0,O-dialkyl) phosphoryl amino acids; y shielding 
effect. 

INTRODUCTION 

The correlation of the steric effect on the 31P-NMR for the phosphine, phosphonates 
and phosphate compounds had been reported.l-s Similar results had been extended 
to the phosphoramidates.6 Among the above examples, only one of the three 
substitutents' consequence was considered. In this paper, both the 0-alkyl and N- 
alkyl substitution were taken into account. It was found that for a phosphoryl 
compound, such as the phosphoramidate, the steric effect caused by the O-alkyl- 
ation was much more profound than that which arises from the N-alkyl groups. 
Also, it indicated that these two effects were additive. For a 0,O-dialkyl N-alkyl 
phosphoramidate the 31P-NMR shift in ppm relative to 85% H3P04 as standard 
may be calculated from the expression 

31P = 6 parent + [n@ + n,y + n,6 + nB~]Oxygen 

+ [npP + n,y + n,6 + n8&lNitrogen 

Indeed, this equation could be applied to five types of compounds, dialkyl phos- 
phite, trialkyl phosphate, 0,O-dialkyl-N-dialkyl phosphoramidate, 0,O-dialkyl-N- 
alkyl phosphoramidate and the 0,O-dialkyl N-phosphoryl amino acids. For each 
class of compound, the steric effects could be divided into two parts, the oxygen 
term and the nitrogen term where n is the number of the carbons on each position. 
The constants p,  y, S and E represent the extent of the steric effects on each 
position. 
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RESULTS AND DISCUSSION 

In Table I, the 0-substitution steric effect on the 31P-NMR chemical shift of the 
dialkyl phosphites 1-5 was first analyzed, as shown in Equation 1. The y and 6 
constants were deduced from the differences between 1, 2, and 3, as -1.6 ppm/ 
carbon and 0.2 ppmlcarbon respectively. These two values could also be derived 
from compounds 2,3 and 5. The strong y shielding effect might reflect an unusual 
conformation of the dialkyl phosphites 1-5. In compound 4 there were two E 

carbons, but the E effect was not yielding to any shielding shift. 

S 31P = 6 parent + n,y + n,6 + G,E 

= 10.4 + u?(-1.6) + ~ 4 0 . 2 )  (1) 

When the temperature was raised from 25" to 60", a 0.1 to 0.4 ppm upfield shift 
was observed for each dialkylphosphite 1-5. It could be that the y constant but 
not the S constant is more sensitive to the temperature fluctuation. At higher 
temperature, the shielding effect increased. For the trialkyl phosphates 6- 17, the 
Equation 2 was derived as above. Since there were three p carbons on each of 
them, the p term was also put into the 6 parent term. In order to fit most of the 

TABLE I 
0 
I1 

0-Substitution effects on the 31P-NMR shifts of (RO),PH S 31P = 10.4 + n,( - 1.6) + 4 0 . 2 )  

The number of 
substituent 6 (PPm) 

Entry Structure n,  n8 n e  25" 60" calc. 

0 
I t  

1 (CH30)2PH 

2 

0 
II 

(CH,CH,O),PH 

0 0 0 10.4 10.3 10.4 

2 0 0 7.2 6.8 7.2 

0 
It 

3 (CH3CH2CH20),PH 2 2 0 7.6 7.3 7.6 
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TABLE I1 
0 
I I  

0-Substitution effects on the 31P-NMR shifts for (R1O),P0Rz S 31P = 2.2 + n,( - 1.0) 
+ n,(0.1) + n,(-0.1) 

Entry Structure 

The number of 
substituent ( P P 4  

n, n, n, obs. calc. 

0 
II 

6 (CH30)2POCH3 

0 

0 0 0  2.2 2.2 

7 (CH3CHzO)POCHzCH3 3 0 0  - 1.0 -0.8 
II 

- 4 0  0 - 1.5 1.8 

5 0 0  - 2.8" -2.8 

0 

10 ((CH~)ZCHO)~POCH(CHJ)~ 6 0  0 - 3.5 -3.8 
It 

0 

11 ((CH3)2CHO),POCHzCH2CH3 5 1 0 -2.Ib -2.7 
It 

0 

12 ( (CH3)zCHO)ZPOCHZCH2CHzOH 5 1 1 -2.9 -2.8 
II 

0 

13 (( CH3)zCH0)2POCH2CH2CHzCH3 5 1 1 -2.9 -2.8 
tI 

0 

14 ( (CH3)2CH0)zPOCH2CH2COOH 5 1 2 -3.5 -2.9 
II 

0 

15 (CH3CHzCHZ0)2POCHzCHzCH3 3 3  0 -0.7 -0.5 
II 

0 

16 (CH,CHZCHzCH20)ZPOCH3 2 2  2 0.2 0.2 
II 

0 

17 (CH3CHZCH2CH20)zPOCHzCH2CHzCH3 3 3 3  - 1.0 -0.8 
II 

a At a", a value of -2.8 ppm was also observed, no temperature effect. 
At a", a value of -2.7 ppm was also observed, no temperature effect. 

P.S.--8 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



34 Y. CHEN et al. 

data in Table 11, the y, 6,  and E constants were chosen as - 1.0 ppmkarbon, 0.1 
ppdcarbon and - 0.1 ppmkarbon respectively. 

6 31P = 6 parent + n,,y + n,6 + n,E 

= 2.2 + ny(-1.0) + na(O.l) + n,(-0.1) (2) 
It was found that except for compound 14, where there was a carboxylic group 

present, all twelve compounds were correlated well by Equation 2 within the range 
of k0.3 ppm. As compared to the dialkyl phosphite 1-5, trialkyl phosphates 6- 
17, showed much less y shielding effect. 

Previously, the N-alkylation substitution effect on the 31P-NMR spectra of phos- 
phoramidate compounds was reported.6 It was found that for primary amine de- 
rivatives a -0.6 to -0.8 ppmkarbon y effect was obtained. While for secondary 
amine phosphoramidates only a -0.15 ppm y shielding shift was detected. In 
Tables 111, IV and V, both the O-alkylation and N-alkylation substitution effects 
were investigated at the same time. By the same manner, from compounds 18-24 
in Table I11 the y constants for the oxygen and nitrogen substituents were -1.2 
ppdcarbon and -0.15 ppmkarbon respectively. The 6 constant for the oxygen 
term was 0.1 ppmkarbon and the nitrogen term was diminished. 

6 31P = 13.1 + [n,( - 1.2) + ns(O.l)]Oxygen + [n,( -0.15)INitrogen (3) 
It is interesting to note that for each substituent on the phosphoryl group, its 

steric effect could be analyzed separately, then the total effects were additive. For 
example, Table IV shows the 31P-NMR shifts for the phosphoramidates 25-33 
derived from the primary amines. The N-alkylation and O-alkylation effects were 
elaborated to give Equation 4. Not only substitution on oxygen but also those on 
nitrogen exhibited substantial effects. 

6 31P = 13.2 + [n,,(-1.3) + na(0.3)joxyge" 

+ [n,( - 0.8) + ns(0.4) + n,( -0.4)]Nitrogen (4) 
For compounds 25-33 the experimental values were close to the calculated ones 

within ~ 0 . 4  ppm. Similar to Table I, there was also a temperature effect on the 
31P-NMR shift. But in Table I11 for those compounds without H-bonding, there 
was no such effect. Table V presents the 31P-NMR data of the phosphoryl amino 
acids 34-44, with different alkyl groups on the oxygen and nitrogen atoms. As 
discussed above, Equation 5 was designed for the amino acid derivativatives 34- 
44. 

S 31P = 9.7 + [a,,( -0.9) + t140.1)]~~yg~" 

+ [n,( - 0.6) + na(0.3) + a,( - 0.3)INitrogen ( 5 )  

The contained N-alkyl substitution effect in Equation 5 for compounds 34-44 
was consistent with that found in a previous paper where the oxygen term was 
fixed as the 0,O-diisopropyl groups. For most straight chain amino acids a k0.4 
ppm deviation was obtained, when the detected data was compared to the calculated 
ones, But a 0.8 to 1.0 ppm deflection was observed for the ring amino acids 
compounds 40 and 41. This indicates that ring conformation is entirely different 
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TABLE 111 
0 
I1 

0- and N-substitution effects on the "P-NMR shifts of (RO),PNR, 6 = 13.1 
+ [n,(-1.2) + n,(O.l)loxygen + [n,(-O.l5)l"""gc" 

Entry Structure 

The number of 
substituent 

oxygen nitrogen 6 (PPm) 
n, n, n, n, n, obs. calc. 

~ 

0 0 0 2 0 12.8 12.8 

2 0 0 2 0 10.2 10.4 

2 2 0 2 0 10.3 10.6 

2 2 2 2 0 10.4 10.6 

4 0 0 2 0 8.3 8.0 

4 0 0 2 2 8.2 8.0 

4 0 0 0 0 8.6 8.3 

from the non ring's. Hence, a new Equation should replace Equation 5 in order 
to understand the steric effect on the ring. This area of research will be investigated 
in the future. 

All the spectra were recorded in chloroform solutions. When the solvent was 
changed into polar solvent such as water, a 1.3 ppm downfield shift was observed 
for the N-diisopropyl phosphoryl alanine (Table VI). In basic condition, even more 
downfield shift occurred. 

CONCLUSION 

The N- and 0-alkylation substitution effects on the 31P-NMR of five types of 
phosphorus compounds have been studied. Among them, the dialkyl phosphite 
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TABLE IV 
0 
II 

0- and N-substitution effects on the 3'P-NMR shifts for (RO),PNHR 6 31P = 13.2 
+ [n,( - 1.3) + n,(0.3)]oxy@' + [n,( -0.8) + n,(0.4) + n,( -0.4)lnitrogen 

The number of 
substituent 8 (PPm) 

oxygen nitrogen obs. calc. 

Entry Structure n, n, n, n, n, n, 25" 60" 

0 
I1 

25 (CH30)2PNHCH3 0 0 0 0 0 0 13.2 13.0 13.2 

28 (CH3CH2CH20),PNHCH3 

2 0 0 0 0 0 10.2 10.1 10.6 

4 0 0 0 0 0 8.1 8.0 8.0 

2 2 0 0 0 0 11.1 11.0 11.2 

0 

2 2 2 0 0 0 11.1 11.0 11.2 
I 1  

29 (CH3CHzCH2CH20)2PNHCH3 

0 
II 

30 (CH30)2PNHCH,CH,CHzCH3 0 0 0 1 1 1 12.2 11.9 12.4 

showed greatest y effect, - 1.6 ppmlcarbon. Within the same type of compound, 
the 0-alkyl substitution gave a much more profound y substitution steric effect 
than that from the substitution on the nitrogen. But for the 0,O-dialkyl-N-phos- 
phoryl amino acids, both terms were comparable. Each steric effect could be 
analyzed separately and the total results were additive. These empirical equations 
might have potential for 31P-NMR spectra study. 
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TABLE V 
0 R' 
I1 I 

0- and N-substitution effects on the 3'P-NMR shifts for (RO),PNHCHCOOH S 31P = 9.7 
+ [n,( -0.9) + n6(0.1)pYgcn + [n,( -0.6) + n,(0.3) + n,( -0.3)lnitrosCn 

The number of 
substituent (PPm) 

oxygen nitrogen obs. calc. 

Entry Structure n, n, n, n, n, n, 25" 60" 

34 

35 

36 

37 

38 

39 

40 

41 

0 
I1 

(( CHJ,CHO),PNHCH( CHJCOOH 

0 

(CH3CH2CH2CH2O),PNHCH(CH3)COOH 
I 1  

0 
I 1  

(( CH3)2CHO),PNHCH(CH,0H)COOH 

0 
\ I  

( CH3CH2CH2CH20),PNHCH(CH20H)COOH 

0 
II 

((CH3),CHO),PNHCH(CH,)(OH)COOH 

0 OH 
II I 

(CH3CH2CHZCH20),PNHCH(CH,)COOH 

rl ,q 
(CH,CHZCHzCHZO)ZP-N 

4 0 0 2 2 0 5.5 5.3 5.5 

2 2 2 2 2 0 7.1 6.8 7.5 

4 0 0 2 3 0 5.6 5.4 5.8 

2 2 2 2 3 0 7.4 7.3 7.8 

4 0 0 2 4 0 6.0 5.8 6.1 

2 2 2 2 4 0 7.8 7.7 8.1 

4 0 0 3 3 0 4.4 4.2 5.2 

2 2 2 3 3 0 6.2 5.9 7.2 

CbOH 
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TABLE V (Continued) 

The number of 
substituent (PPm) 

oxygen nitrogen obs. calc. 

Entry Structure n, n, n, n, n, n, 25" 60" 

0 

5.5 
II 

42 ((CH,)CHO),PNHCH(CH,CH2COOH)COOH 4 0 0 2 3 1 5.4" 

0 

7.5 
II 

43 (CH,CH,CH,CH,O),PNHCH(CH,CH,COOH) 2 2 2 2 3 1 7.5' 
COOH 

0 

7.3 
I /  

44 (CH3CH,O),PNHCH(CH2CH2COOH)C0OH 2 0 0 2 3 1 7.5' 

a In CDCI,. 
' In d,-DMSO. 

TABLE VI 
0 CH, 
II I 

Solvent effects on the ,*P-NMR shifts for ((CH,),CHO),PNHCHCOOH 

Solvent: CHCI, H2O N,HCO, N(C2H513 
8 (PPm) 5.45 6.78 7.63 8.2 

7.39 (trace) 

EXPERIMENTAL 

Methods: The 31P-NMR spectra were taken on a JEOL FX-100 spectrometer at 40 MHz with probe 
temperature at 25°C by broad band decoupled technique with 85% H,PO, as external reference. The 
concentrations of the samples were 25% in CHCL, in 5 mm tubes. 
Materials: Compounds 6-44 were synthesized from the corresponding alcohol, amines or amino acids 
and the dialkyl phosphites.'-'' 
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