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A=-PANTOYLIYDIRAZONES

Solvent”

of
Lieviv of centtiote,
pautuyllivdrazine wd My, *Cx eryvsto
Berzaldeliyde 1051555 A AL
p-Methoxybenzaldehvde 145146 B, 1D

p-Dintethylaminobenzaldehyvde [8R--180 A6
s-Pyridinecarboxaldehyde 150--151 =D
Pvridoxal 175-176 dec =1
Sodim levilinate 260-2061 ¢, =1

A

* Melting points are ancorrected. 7 A, chiloroform;

nol; G, ethyl acetate.

Pantoylhydrazine.~d{-Pantolactone (2.6 g) was dissolved i
5 g oof mihvdrous hvdrazine and the resulting mixtnre was re-
flixed for L hir. The reaction mixture wis stored at :unbicnd
temperature fur 24 hr and then evaporated at 60-70° under re-
dived pressure to a thick, clear syrup.  Uporc treatnent witle
dietly] ether this syrmp gave a white powder wliich was recrysinl-
lized from dioxane—diethyl ether to give liygroscopic white,
cabic erystals. The pantoylhvdrazones were prepared Ly re-
fluxing the carbonyl componnd with pantovlhydrazine in a suit-
able solvent followed by precipitation with diethyl ether or pe-
Irdlenmn ether. Data deseribing thie produets are given in Table
I A typieal preparation is given in the following paragrapl.

Benzaldehyde /i{-Pantoylhydrazone.—-Redistilled benzaldehvde
1094 ) in 5 ml of chloroform was added to a stivring solution of
L0 g of di-pantoylhydrazine in 10 ml of chloroform.  Tlie mix-
tire was reflizxed for 4 hir, cooled 1o ambient temperature, ad
poured into 15 ml of diethyl ether.  The white ~olid whicli sepa-
rited was collected and reervstallized from chloroform-petin-
leunt ether.

Sereerdng datad for these compounds have =hown no activity
i Narcoma 180 tests. All compounds except the levulinate and
eyveloliexylamide were screened.
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the National Institute of Health, Kducation and Wel-
Tare who supported this work (in part) through Pre-
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(i T'lee wutlears ure tudebted Lo Dres, C. CL Stoek, R, K. Barclay, Clirtstive

Retlly, Ilvira PFalco, aud Soplironia Myrorn, Sloan Ketteriug Institute for
Cuauver Researele, for cuaalucting tliese tesls.  Tle raling scales arul pro-
vedaees fur tlie Sarcot 180 (est are pivea tw Cmoreer Res. Suppl., 1, 91
2, 174 (19551 awd Cancer Res., 18, 49 (1458).
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Reccived Seplendier 12, 1066

The discovery that hexamethylphosphoric triamide?
(HEMPA) was capable of sterilizing insects led us to
lnvestigate other phosphoramides as possible insect
chemosterilants. Variously substituted phosphoram-
ides, thiophosphoramides, and related compounds were
sviithesized or obtained from commercial sources.
Compounds related to HEMPA which were synthesized
during this investigation and their activity as sterilants
for the house fly. Musca domestica 1., are shown in
Table T; compounds previously reported in the litera-
trire which were found to be inactive are not lsted.

() Peevioas paper: AL D

Jo Mt Chern,, 9, 522 (106G,
S0, Clueyz, P21 Teery, wd AL L Dotlioves,

Aothover, C. W, Woods, and R. T. Brown,

Science, 144, 57 (10611,

(83}

13, ethanol;
¢ Analyses by Micro Tech Laboratories, Skokie, Il

Yield, U Ve e L e e N e
Vh taled IFeatad® Caled Foumi Calal Il ®

PR 62 46 132,23 7.0 710

T8 {0, 01 10, 0f

a7.7 il 19 teh N2 702

AT .77 O

0l 7 13001 £ 2y

B3 7 0,74 b.7n

C2-propanol; D, diethyl ethier; 15 petrolemm ether; F)ometh-

TapLl 1
CHeMostTERILANT ACTIVITY 01 CoMPOUNDS
Clevsens
slortlies
wetivery

Cotapd Siruelate

i O LN N TLIO 1)
2 HCHN]LNHCLH PO e
3 [{CH )N .NHC 1O +
1 [TCH NN H--CL PO +-
i) ;((‘,Hg'_ﬁ(\‘j\g,\‘&_)ll() 4
[§ (UL N \/ \g)l‘() 3
: O N T N==C [N (CHy)e PO 0
N4 N[PO -t
il ¢ lhl\(,Jl %P0 -
i (HCHN]aCe==N ), 100 0
tle (NS A=
fonr -(llfg.\vl'] ’31)5 -
144 [{CH)NTPS + 4
"‘ /_-—\\ .
{4 \()\-_J\J/( 1S +
154 [CCH NP +
16 [CH RN PECITLT +
« Activiiy seale: + 4 = as high as nemeas,” + = lower than
nEMPY, = not detectable. » R L. Arcenanx, J. (. rick, Jr.,

15, K. Leonard, and J. D. Reid, J. Org. Chem., 24, 1419 (1034,
¢ This compound is nentioned ia conneetion with plant metab-
olism studies by D. F. Heath, D. W. J. Lane, aad P. O. Clark,
Phil. Trans. Roy. Soc. London, 239B, 101 (105353). ¢ M. Prianka
and B. D, Owen. J. Appl. Chem. (London), 5, 315 (1935). < R,
Kleweid, Inovy. Syn., 6, 111 (1960): . Tolkmitly, /. Am. Chem.
Soc., 85, 3246 (1963). 7 H. Tolkmith, 7b4l., 84, 2007 (1952).
v L. F. Andrieth and A, D FL Toy, ihid., 64, 1553 (1942). 4 This
componnd s mentioned 1n several references but 1o analytical
data conld be found for it: of. J. R Van Wazer, C. F. Collis,
J. N Shoolery, and R, C. Jones, 7bid., 78, 5715 (1936): A, B.
Burg and P. J. Slota, Jr., joul., 80, 1107 (1958); 11, Noth und
11.-J. Vetter, Ber., 94, 1505 (1961).

Physical characteristies and other data concerning
compounds in Table I which have not been previously
reported in the literature are shown in Table IT or dis-
cussed in the Experimental Section.

Of over 30 compounds tested® only hexamcthylthio-
phosphoric trimmide (13) sterilized house flies s cf-
fectively aus urmra (8). Replacement of once or more
methyl groups in 8 or 13 with higher alkyls or with
hydrogen led invariably to a decrease in activity.
Compounds which differ only slightly from 8 or 13,

) Nersei tests nte longse ies were pecforuted by ewtoamlopises af tlee
Reseurele Division, Agricaltural Researclt Serviee, U, 8. De-
Gainesville, Tla. For detuils ou screeuiny pro-
Laleoeque. and H. 18, Gouek, J. Eenr. Eidonnl.

Eutowology
partment of Apricultece,
coduce, of. R, L. Fye, Go G
59, 485 (19619).
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TaBLe II
PHOSPHORAMIDES
Yield,* Caled, % Fouud, %—————
No. 7 AMp, °C Bp, °C (um) n*p TFormula C H N C H N
1 523 114.5-117 .5 . CH.N;OP  31.78 9.34 27.80 31.68 9.36 27.70
3 40) 35.5-98.5° 02-100 (0.03) CsHisNOP 40.21 10,12 23.45 40.1)3 1. 41 23.04
dec

5 52 59.5-60(0.1) 1.4815 CgHa:N;OP¢ 49 30 10.11 19.16 49.13 10.21 18.98
6 83 81 (0.005) 1.4826 CsHaN;O.P  43.43 9.11 18.99 43.13 007 19.15
7 75 95 (0.,005) 1.4998 CoHxuN;OP  43.36 9.70 28.09 43.19 9.86 28 .24

“ Yields of pure products were determined from one run only. ? Crystallized from benzene. ¢ Crystallized from petroleum ether

(bp 20-40°). 4 4nal. Caled: P, 14.13. Found: P, 14.06.

i.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
compounds are active onh Insects other than house
flies,* and the structural limitations indicated in Table
I may not be generally valid.

Experimental Section®

N,N,N‘,N'.Tetramethyl-N ‘"-isopropylphosphoric Triamide (4).
— Bis(dimethylamino)phosphoryl chloride® (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 under reflux for 1 hr.
After distilling the excess amine, the residue was dissolved in
CH,Cl,, the solution was washed with water to remove the salt,
and the organie layer was dried (MgSO,). Filtration and re-
moval of the solvent left a waxy solid which was crystallized
from the minimum quantity of petroleum ether (bp 30-40°):
vield 19.3 g (509%), mp 112-118°; five recrystallizations from
hexane gave colorless, waxy plates, mp 118-122° (prior sinter-

ng).
Anal. Caled for C:HoN0P: C, 43.51; H, 10.43; N, 21.75;
P, 16.03. Found: C,43.45: H, 10.51; N, 21.77; P, 16.04.

N,N,N‘,N’-Tetramethylphosphoric triamide (1), N,N,N’/,N*
tetranmethyl-N “’-ethylphosphorie triamide (3), N,N,N’,N'-tetra-
methyl-P-piperidinophosphonic diamide (5), N,N,N’,N'-tetra-
methyl-P-morpholinophosphonic diamide (6), and N,N,N’',N'-
tetramethyl-P-tetramethylguanidinophosphonie diamide (7) were
prepared in an analogous mauner. A solvent and a low reaction
temperature were necessary for the amines with the lower boiling
points.  When morpholine and piperidine were used, the mixture
wax heated at 50° for several hours after the addition of the acid
chloride was completed. Compounds 1, 3, and 4 are somewhat
hygroscopic, and 3 showed evidence of decomposition when
stored in a desiccator for 1 year though it could be purified again
by recrystallization.

N,N N''-Trimethy!-N,N',N‘-triethylphosphoric Triamide (9).
—N,N/,N""-Trimethyl-N,N',N"'-triethylphosphorous triamide’
(4.1 g, 0.02 mole) i1 25 ml of acetone and 10 g (0.03 mole) of
10%;. HyO« was kept at 4° for 1 hr® and then heated under reflux
for several hours. Then the acetone was removed, and the resi-

(4) P. H. Terry and A. B. Botkovee, U. 8. Patent 3,205,130 (1963);
Chem. Absir., 63, 13971a (1965).

15) Melting points were determined in sealed capillaries using a coil-
lieated, stirred, silicone otl bath with a calibrated thermometer (Drechsel
melting point apparatus). DBoiling points are uncorrected. Glpe data were
obtained on an F & M Scientific Corp. Model 720 gas chromatograph.
Nmr spectra were obtained on a Varian A-60 instrument with tetrametlivl-
silane as an internal reference. Elemental analyses were performed by
Galbraitlt Laboratories, Knoxville, Tenn. Mention of a proprietary product
or company does not necessarily imply endorsement of the product or com-
pany by tlie U. 8. Department of Agriculture.

(6) P. Lester, U. 8. Patent 2,678,325 (1951); Chem. Abstr., 49, 6300g
(1953). Tle actd eldoritle prepared according to this method was distilled
until a fraction was obtained wltielt sliowed only one peak by glpe.

(7) Prepared in a manner similar to 18. Tle elemental analysis of tlis
compound was not satisfactory because of contamination with the amine
salt.

(8) C. Stuebe and H. P. Lankelmma [J. Am. Chem. Soc., 78, 976 (1956)]
ltave prepared other phosphoric triamides by tlis method.

due was treated with 20 ml of aqueous KI (8.3 g, 0.05 mole).
After 12 hr, the mixture was extracted three times with 25 ml
of CHCl;; the combined extracts were dried (MgS0,) and evapo-
rated to 2.43 g (559,) of an orange liquid. Distillation i a short-
path apparatus gave 1.55 g (35%) of colorless liquid, bp 52-53°
(0.1 mm), n®p 1.4553; glpc gave a single peak.

Anal. Caled for CeHuN;OP: C, 48.85; H, 10.93, N, 18.99;
P, 14.00. Found: C, 49.07; H, 10.98; N, 18.86; P, 13.87.

Tris(tetramethylguanidino )phosphine Oxide (10).—A solution
of POCl; (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 at
—30 to —50°. The mixture was allowed to warm to room
temperature and to stand overnight. The ethereal solution was
filtered, dried (MgS0,), and evaporated to a yellow liquid. Dis-
tillation in a Hickman still at 0.05 mm gave 23.40 g (609%) of a
very viscous liquid which solidified to a waxy solid when touched.
Recrystallization from cyclohexane gave 17.55 g (45%,) of solid,
mp 96-121°. Four more recrystallizations from cyeclohexane
gave the analytical sample, 11.70 g (309;), of tiuy, white hexa-
gons, mp 118-123°. The nmr spectrum (DCCl;), taken at 35°,
consisted of a single peak at 8 = 2.83 ppm. Width at half peak
height (W,,) was 1 cps [tetramethylsilane (TMS), W, = 1 cps}|.
On cooling to —68.5° the singlet peak had shifted slightly to
8 = 2.86 ppm and the peak had broadened, W, = 5 eps (TMS,
Wiy, = 1.5 cps).?

Anal. Caled for Ci;:HuNOP: C, 46.26; H, 9.32; N, 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 our preparation, the yield of crude material was
75%;: two distillations gave the analytical sample, bp 66°

(27 mm), n®p 1.4642.

Anal. Caled for CsHisN;P: C, 44.16; H, 11.12; N, 25.75;
P, 1898. Found: C, 43.96; H, 11.00: N, 25.74; P, 18.98.

Tris(dimethylamino)ethylphosphonium lodide (16).—A solu-
tion of ethyl iodide (3.12 g, 0.02 mole) in 25 ml of dry ethyl ether
was added to a solution of hexamethylphosphorous triamide (15)
(3.26 g, 0.02 mole) in 25 ml of dry ethyl ether. TUunlike the re-
action with methyl iodide!® 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 analytical sample,
mp 280-317° dec.

Anal. Caled for CsH»N,;PI: C, 30.10; H, 7.26; N, 13.16.
Found: C, 29.83; H, 7.30; N, 13.08.
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Alford and R. Simpson of the Microanalytical Labora-
tory of National Institute of Arthritis and Metabolic
Diseases for obtaining the low-temperature nmr
spectrum, and Mr. E. L. Gooden of this Division for
the nmr spectrum at 35°.

(9) A.J.Papa [J. Org. Chem., 81, 1426 (1966)] ltas found tlat tlte proton
nmr spectrum of 2-clilorotetrametliylguanidine sliows two singlets of equal
intensity of 5 = 2.68 and 2.8]1 ppm. On the other hand, dimethyl N-
chloroiminocarbonate, even at a temperature of —60°, gave only a single
peak at 8 = 3.89 ppm.

(10) See thelast two references under 4 in Table I.



