
Table I I .  Characteristic Infrared Absorption Bands of 1,3-Bis(o-hydroxybenzyl)-2-substituted lmidazolidines 
Specific 

Compound CH Stretch, C-H Stretch, Stretch, and C-0 Stretch, Stretch, Plane Deformations, Absorptions, 
No. Cm. Cm. Cm.-' Cm. I Cm. I Cm. Cm. - ' 

1 1230 1590 695 None 

Aromatic Aliphatic -OH OH Deformations" C = C  C-H Out of 

O b 

1335 1470 725 
1400' 740 

2 3030 2860 3367 1250 1610 825 c-c1 
1335 1590 755 702 

1485 
1410' 

3 3020 2773 3367 1240 1610 759 c-c1 
1325 1590 821 652 

1480 870 
1460 
1390 

1345 1585 754 
1560 781 
1450 860 
1410' 

4 3040 2793 3333 1230 1613 69 1 None 

5 3040 2809 3333 1235 1600 767 C E X  
1360 1470 823 2221 

1410' 
6 3030 2810 3330 1245 1615 757 C-CS- 

1325 1590 720 
1490 
1400' 

1325 1470 750 
1400' 815 

7 3030 2790 3340 1230 1590 715 None 

"Each compound showed multiple absorptions (7 to 10 bands) in 1180- to 1400-cm.T' region; bands assigned to OH deformations 
and C-0 stretch were those having strongest absorption. 'Specific absorptions could not be assigned because of broad band in 
3500- to 2500-cm.-' region. 'This absorption is also in region for -OH deformation or -C-0 stretch. 

( I ) .  The cooled reaction mixture was filtered and the LITERATURE CITED 
collected solid purified as indicated in Table I. 
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N,N'-Disu bstitu ted P-Phenylphosphonot hioic Diamides 

DANIEL A. SCOLA' and DANIEL W. GRISLEY, Jr.' 
Boston laboratories, Monsanto Research Corp., Everett, Mass. 02 149 

Several N,N'-disubstituted P-phenylphosphonothioic diamides were synthesized and 
characterized. Yields, melting points, infrared data, and elemental analyses are given 
for the reported compounds. 

S E V E R A L  N,N'-disubstituted P-phenylphosphonothioic 
diamides were synthesized by the reaction of phenyl- 
phosphonothioic dichloride with primary and secondary 
amines using standard methods ( I ,  2). The compounds 
are listed in Table I. 

S S 
t t 

CsHi-PCL + 4RzxH * CsHs- P(NRz)z + 2RzN.HCl 

With the exception of the N,N'-bis(ethoxyethy1) deriva- 
tive, which was a straw-colored oil, the compounds were 
1 Present address: United Aircraft Research Laboratories, East Hart- 
ford, Conn. 06108 
' Present address: Syracuse University Research Corp., Syracuse, 
N.Y. 

colorless, crystalline solids. The infrared spectra were 
consistent in each instance with the desired structure. 
Characteristic absorptions are shown in Table 11. Expected 
absorptions due to specific groups for each compound were 
also noted. 

EXPERIMENTAL 

Phenylphosphonothioic dichloride was purchased from the 
Aldrich Chemical Co. Other reactants were also obtained 
commercially (reagent grade) and used without further 
purification, except 2-aminothiazole (technical grade) which 
was recrystallized from toluene. Reaction solvents were 
dried over sodium. Melting points were taken on a Thomas- 
Hoover melting point apparatus and are uncorrected. 
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Table I, Characterization of Some N,N’-Disubotituted P-Phenylphorphonothioic Diamide8 
S 
t 

CsHr -P-R 
I 
R 

Analy~is 

1 N,N’-Diallyl-P-phenyl CHI = C H - C H ,  - N H -  51-64 C I I H ~ ~ N I P S  Calcd. 57.2 6.8 12.2 
phosphonothioic diamide Found 67.1 6.1 12.4 . , . 

2 Bis ( 1 -aziridin yl) phenyl I / / N -  €Ib 105-07.6 CloHlsNaPS Calcd, 53,6 5.8 13.8 14.3 
phosphine sulflde C H I  Found 63.6 5.8 14.2 14.6 

3 N,N’-Bie(ethoxyethy1)-P- C @ H q O  - C H p C H p  - N H -  BEY oil C I + H Z ~ N ~ O ~ P S  Calcd. 63.2 8.0 9.7 10.1 
phenylphoPphonothioic diamide Found 62.6 8.1 9.7 9.8 

4 N,hr’-Bis(a-thiazolyl)-P-phenyl c>, ~~- BOd‘ 910-11 (dec,) Cl2HIIN+PS3 Calcd, 42.6 3.3 9,2 28.4 
phosphonothioic diamide Found 42.6 3.3 9.3 28.8 

Found 48,0 3.3 6.3 6.5 

53” 198.6-200.5 ClaHlrNIPS Calcd, 81.0 6.4 8.7 . . . 

P-phenylphoBphonothioic 

phenylphosphine sulfide (dec.) Found 81.3 5.6 8.9 . . . 

Yield, Empirical 
NO. Compound R 7i M.P., OC, Formula % C % H % P  “7cS 

Cb, 

5 N,N’-Bis(2,4-dichlorobenzyl)- c1- 28‘‘ 101-0205 CaoH17CltNZPSh Calcd. 48,O 3.5 6.3 6.5 

diamide 
6 Bis(2-phenylhydrazinyl) C6 HBNH - N H -  

‘Recrystallized from aboolute ethanol to yield white cryatalline solid. Crude aolid diwolved in benzene-pentane (1  to 11, filtered 
through anhydroue Podium carbonate rrnd cooled to yield white cryntalline nolid, ‘Crude oily product heated to 132”C./0,40 mm. 
to remove unreacted dichloride and amine, I$ 1,6608. dReflured 1 hour, ’Crude oolid recrystallized $om abaolute ethanol to yield 
white powder. :Refluxed 3 houra, a Crude oil cryatallized by trituration Ln abaolute ethanol, then recryatallized Rom ethanol to yield 
white powder. C1, calcd,, 28.8; found, 29,3. ‘Refluxed 6 %  hours, ’Crude aolid recrystallized $om benzene to yield white powder. 

~ _ - _ _ _  . -._ - - - -- - . - .- - . - . . - . . - 

Table 11, Characteristic Infrared Absorptions of filtration and the filtrate was concentrated in vacuo to 
N,N’-Disubstituted P*Phenylphoiphonothioic Diamidcra yield an ofFwhite solid, The crude product was purified 

Com- P-S P-N P-CsHj CH as described in the footnates in Table 1. 
pound (Stretchipg), (Stretching), (Stretchipg), Deformattans, Procrdurr for Compounds 3, 4, and 5 ( I ,  2). A solution 

No. Cm, Cm. Cm,- Cm, of phenylphosphonothioic dichloride (O,FJO ml.) in anhydrous 
benzene (IOQO ml,) was added dropwise with stirring to 
a solution of the amine (1,BO moles) in anhydrous benzene 1 655 716 1439 760 

in an atmosphere of nitrogen a t  room temperature, In 000 

2 870 710 1430 760 the preparation of N,N’-bis(2-thiazolyl)-F-phenylphospho- 
730 895 nothioie diamide, it was neceaaary to  dissolve 2-aminothi- 

3 650 720 1446 760 azole in dry ether (1 liter), 
686 To prepare the N,N’-bis(2,4-dichlorobenzyl)-P-phenyl- 

phosphonothioic diamide derivative, phenylphosphonothi- 
oic dichloride (0,114 mole), amine (0.227 mole), and tri- 4 850 718 1439 748 

ethylamine (as hydrochloride acceptor) (0.227 mole) were 
893 

5 622 715 1435 800 used, The reaction mixture waa refluxed (Table I ) ,  and 
722 140 the precipitated hydrochloride salt was removed by 

filtration, The filtrate was Concentrated in vacuo to an 
6 660 743 1437 750 oil or solid, Purification was effected as described in the 

7E2 890 footnotes in Table 1, 

088 

Infrared spectra of the solid compounds dispersed in KBr 
matrices were recorded by a Perkin-Elmer Model 21 spectro- 
photometer, The infrared spectrum of a thin film of  N,N‘-  
bis(ethoxyethy1) -F-phenylphaqhnothioic diamide was also 
recorded. 

Procrdure for Compounds 1, 2, and 3 ( 7 ,  2 ) .  A solution 
of phenylphosphonothioic dichloride ( k 7 5  mole) in anhy- 
drous ether (200 m1.) waa added dropwiss with stirring 
to  a solution of amine (2,W moles) in anhydrous dried 
ether (500 to  1000 ml,) in a nitrogen atmosphere a t  room 
temperature. The reaction mixture waa allowed to  stand 
a t  room temperature overnight under a nitrogen blanket. 
The precipitated amine hydrochloride was removed by 
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