


TABLE I1 
PHOSPHOIMVIIUES 

T ielil, ___-_ Calcd, L A  ____ _-_-- 1~0u1li1, yo---- 
No. 'vi A l I J ,  up,  " C  ( I l l l ~ l )  71 ?"u Formula c H N c H N 
1 6:3 114.5-117.5b , . .  , , , CaHlrN30P 31.78 Y,34 27.80 31.68 9.36 27.70 
:1 40 3 2 ,  5-38. 5~ '32-100 (0.03) , , , C6HIENOP 40.21 10,12 23,45 40.03 10.41 2 3 . 0 4  

dec 
5 5 2  . . .  5'3.5-60(0.1) 1,4815 CgHp?Pr'30Pd 4Y.30 10.11 19.16 49,13 l K 2 1  18.08 
ti s:3 . . .  s 1  (0.005)  1.4826 C8H?J30YP 43.43 '3.11 18. Y9 43.13 9 . 0 7  19.15 

. . .  95 (0,005) 1,4998 C9H24SaOP 43.36 Y . 70 28.09 43,lY Y .86 28.24 - -- 
I Id 

J L  Yield3 of p(i1.e prodiictk were determined from one run only. 
( b p  210-40"). d .47aai. Calcd: P, 14.13. Found: P, 14.06. 

7.e.. 2-5 and 9, were still moderately active sterilants, 
but when the structure of the candidate compound was 
substantially different from HEMPA, activity became 
very slight or not detectable. HEMPA and a few related 
c*ompound~ are wtive on insevts other than house 

:md the structural limitations indicated in Table 
I niny not be generally valid. 

Experimental Section5 

N,N,N',N'-Tetramethyl-N"4sopropylphosphoric Triamide (4). 
-13is(dimethylamino)phosphoryl chloride6 (34.28 g, 0.2 mole) 
was added dropwise over a period of 1 hr to isopropylamine 
(59.11 g, 1 mole) which had been cooled to 2'. The stirred 
mixture was then warmed slowly and kept iinder reflux for 1 hr. 
hfter distilling the excess amine, the residiie was dissolved in 
CHpC1,, the wlritiori was washed with water to remove the salt, 
and the organic layer was dried (31gSO4). Filtration and re- 
moval of the solvent left a waxy solid which was crystallized 
from the minimum qiiantity of petroleum ether (bp 3&4O0); 
yield 19.3 g ( 5 0 c ; ) ,  mp 112-118'; five recrystallizations from 
hexane gave colorless, waxy plates, mp 118-122' (prior sinter- 
ing). 

Ana(. Calcd for C;H?,SzOP: C, 43.51: H, 10.43; N, 21.75; 
P, 16.03. 

N,N,Pi ', N '-Tet ramet hylphosphoric t riamide (1 ), N,N,N ' ,S '- 
tetramethyl-K"-ethylphosphoric triamide (3), S,?;,X',X'-tetra- 
methyl-P-piperidiriophosphonica diamide ( 5 ) ,  S,X,X',S'- tetra- 
methyl-P-morpholinophosphunic diamide (6) ,  and N,N,N',X'- 
t et ramethyl-P-t et ramet hglgliaiiidiriophosphoiiic diamide (7) were 
prepared in ail analogoiis manner. A solvent and a low reaction 
temperature were necewary for the amines with the lower boiling 
points. \Then morpholine and piperidine were used, the mixture 
was heated at 50' for several hours after the addition of the acid 
(ahloride was completed. Compoiinds 1,  3,  and 4 are somewhat 
hygroscopic, and 3 showed evidence of decomposition when 
stored iii a desiccator for 1 year thoiigh it could be purified again 
by recrystallization. 
N,N',N"-Trimethyl-N,N',N"-triethylphosphoric Triamide (9). 

-N, S ', S "-Trimet hyI-N,K ' ,S "-t riet hylphosphorous t riamide' 
(4.1 g, 0.02 mole) in 2 5  ml of acetone and 10 g (0.03 mole) of 
lO?/; H& was kept at, 4' for 1 hr8 and then heated tinder reflux 
for several holm. Then the acetone was removed, and the resi- 

Foiind: C: 43.45: H, 10.51: N, 21.77; P, 16.04. 

(1) P. H. Terry and .I. H. Uoikorec, C .  S .  Patent 3,205,130 (1965); 
C l i ~ m .  B b s t r . ,  63, 13974u (1965). 

(5 )  Melting points \yere determined in sealed capillaries using a coil- 
heated. stirred, silicone oil bath with a calibrated thermometer (Drechsel 
melting point apparatus). Boiling points are uncorrected. Glpc da ta  were 
obtained on an F R- h l  Scientific Corp. LIodel i20  gas chromatograph. 
Nmr spectra were obtained on a Varian .4-60 instrument with tetramethyl- 
silane as an internal reference. Elemental analyses were performed by 
Galbraitli Laboratories, Knoxville, Tenn. Mention of a proprietary product 
or rompany does not necessarily imply endorsement of the  product or com- 
pany b>- the U. H. Department of .kgricuiture. 

(6) P. Lester, U. S. Patent 2,678,326 ( lY.54):  Chem. Abslr . ,  49, 63008 
(lY.55). The acid cliloride prepared according t o  this method was distilled 
until a frartion !vas obtained which showed only one peak by glpc. 

( i )  Prepared in a manner similar to  15. The elemental analysis of this 
compound was not satisfactory because of contamination with the  amine 
salt. 

(8) C .  Stuebe and H. P. Lankelma [ I .  Am. Chsm. Soc. ,  78, Y i 6  (1Y56)l 
have prepared other phosphoric triamides by this metliod. 

Crystallized from benzene. Crystallized frum pet rolerim ether 

due was treated with 20 ml of aqueous KI (8.3 g, 0.05 mole). 
hfter 12 hr, the mixture was extracted three times with 25 ml 
of CHCI,: the combined extracts were dried (hlgSOa) and evapo- 
rated to 2.43 g (555&) of an orange liquid. Ilistillation in a short- 
path apparatus gave 1.55 g (35%) of colorless liquid, bp 52-53' 
(0.1 mm), 1.4553; glpc gave a single peak. 

.4na/. Calcd for C,H&,OP: C, 48.85; H,  10.93, N ,  18.99; 
P, 14.00. Found: C, 49.07; H, 10.98; S, 18.86; P, 13.87. 

Tris( tetramethy1guanidino)phosphine Oxide ( IO).-A solutioii 
of POC1, (15.34 g, 0.1 mole) in 100 ml of dry ethyl ether was 
added dropwise ( 2  hr)  to a stirred solution of 1,1,3,3-tetramethyl- 
guanidine (69.11 g, 0.6 mole) in 600 ml of dry ethyl ether a t  
-30 to -50". The mixture was allowed to warm to room 
temperature and to stand overnight). The ethereal solution was 
filtered, dried (AIgSO,), and evaporated to a yellow liqiiid. Uis- 
tillation in a Hickman still at 0.05 mm gave 23.40 g (60';) of a 
very viscous liquid which solidified to a waxy solid when touched. 
Recrystallization from cyclohexane gave 17.55 g (4557 ) of solid, 
mp 96-121 '. Four more recrystallizations from cyclohexane 
gave the analytical sample, 11.70 g (30yc), of tiny, white hexa- 
gons, mp 118-123'. The nmr spectrum (L)CCl,), taken at 35", 
consisted of a single peak a t  6 = 2.83 ppm. Width at half peak 
height ( W I ! ~ )  was 1 cps [tetramethylsilane (TMS), U'i = 1 cps]. 
On cooling to -68.5' the singlet peak had shifted slightly to  
6 = 2.86 ppm and the peak had broadened, WI,? = 5 cps (TMY, 

Anal. Calcd for CljH36N90P: C, 46.26; H, 9.32; X, 32.36. 
Found: C, 46.38; H, 9.41; N, 32.03. 

Hexamethylphosphorous triamide (15) has been prepared pre- 
viously (see Table I for references), but no analytical data were 
reported. In oiir preparation, the yield of crude material was 
75%; two distillations gave the analytical sample, bp 66" 
(27 mm), n z u ~  1.4642. 

Anal. Calcd for CcH18N3P: C, 44.16; H, 11.12; N, 25.75;  
P, 18.98. Found: C, 43.96; H, 11.00; X, 25.74; P, 18.98. 

Tris( dimethy1amino)ethylphosphonium Iodide (16).-A solu- 
tion of ethyl iodide (3.12 g, 0.02 mole) in 25 ml of dry et.hy1 ether 
was added to a solution of hexamethylphosphorolis triamide (15) 
(3.26 g, 0.02 mole) in 25 ml of dry ethyl ether. Unlike the re- 
action with methyl iodidelo which we observed to be very rapid 
and almost quantitative, compound 16 precipitated slowly. 
The reaction flask was stoppered tightly, and after 2 days the 
colorless solid was filtered, washed with dry ethyl ether, and 
dried in a vacuum desiccator; yield 2.5 g (39%). Two recrystal- 
lizations from chloroform-ethyl ether gave the arialyt,ical sample, 
mp 280-317" dec. 

Anal. Calcd for C8H2,N3PI: C, 30.10; H, 7.26; N, 13.16. 
Found: C, 29.83; H,  7.30; N, 13.08. 

"I,:, = 1.5 cps).O 
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tory of Sational Institute of Arthritis and 1Ietabolic 
Diseases for obtaining the low-temperature niiir 
spectrum, and A h .  E. L. Gooden of this Division for 
the nmr spectrum a t  35". 

(9) A .  . J .  Papa [ . I .  OrQ. Chem.,  31, 1426 (1Y66)] has found that tlie proton 
nmr spectrum of 2-clilorotetrametliylgiianidine sho\rs two singlets of equal 
intensity of 6 = 2.68 and 2.81 ppm. On the other hand, dimethyl N- 
chloroiminocarbonate, even a t  a temperature of -60', gave only a single 
peak a t  6 = 3.89 ppm. 

(10) See the  last two references under h in Table I .  


