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The chloroform=-solnble prodiets of oxidation of hexmnethiylphosphorie trimmide with agueaus K MuO, were
dentified a3 pentamethylphosphoric trinmide, N-[bis(dimethylunine )phosphinyl]-N-methylformamide, nud

N-[{(dimethylamino (methylanino )phospbinyl]-N-methylformamide.

When the molar ratio of permaugaunate/

amide was high, no pentamethyl componnd was isolated but N-methylformamide appeared among the products.
Oxidation of N,N,N‘,N’-tetramethyl-P-piperidinophosphounic diamide yvielded N-[(dimethylamino)piperidino-
phosphinyl]-N-methylformamide but the other oxidation products were not identified. The three formylphos-
phorainides obtained by oxidation are examples of a new class of phosphoramides; they were also synthesized
by a new formylation procedure. The pentamethylphosphoric triamnide appears to be formed by the decomposi-
tionn of the unstable methylol precursor rather than by the oxidative decarbonylatiou of the formyl componnd.

Hexamethylphosphorie triaunide (HEMPA) is an
effective chemosterilant for house flies, A/ usca donestica
L. Coucwrrently with our study of the metabolism
of HEMPA in male house flies,* which appeared to be
an oxidative process, we have investigated the oxidation
of HENMPA with aqueous KNnO,. In the metabolic
study, each fly wag injected with 30 ug of HEMPA
and only a few milligrams of metabolites was obtained
from 1000 treated flies.  Our knowledge of the strue-
ture and physical characteristies of the oxidation prod-
ucts n vitro was an invaluable guide in isolating and
identifying the metabolites in viro. To gain a better
insight into the sequence of oxidation, the intermediates
pentaniethylphosphorie triamide and N-{bis(dhnethyl-
anmino)phosphinyl]-N-methylformamide were oxidized
separately and the produects were isolated. HENMPA
wax also oxidized with aqueous hvdrogen peroxide but
the reaction was slow even at elevated tenmperatures.
Permanganate oxidation was carried out on N,N,N’,N"-
tetramethyl-P-piperidinophosphonic diamide® which is
only slightly effective ax a chemosterilant tfor house
flies but which is promising as a chemosterilant for the
boll weevil, Anthononus grandis Boheman.¢  N-Iormy|
compounds play an important role i the i wiro
oxidation of methylphosphoramides but they were
nat  detected among the metabolites of HEMPA
m vieo. The identity of the formyl ecompounds isolated
i the oxidution of phosphovamides was confirmed by
mdependent synthesis,

Oxidation of HEMPA. At temperatures below 50°,
the oxidation of HEMPA can be easily controlled when
the aqueous KMO, is added gradually and with stining
to prevent local overheating. Two fractions are
generally  obtained: o chloroform-soluble  organic
fraction and a largely inorganie fraction, insoluble in
chloroform, which containg phosphates, carbonates,
manganese dioxide, and other produects.  Our investiga-
tion was restricted to the chloroform-soluble fraction.
By increasing the ratio of permanganate to HEMPA

11y I'revioas paper in the series: A, B. Botkovee and A, B. DeMit, /.
Med. Chem., 10, 457 (1967).

(2) . (. Chang, P. H. Terry, and A. B. Borkovee, Science, 144, 57 (1964).

i3) P. H. Terry and A. B. Botkovee, U. 8, Patent 3,205.130 {1965):
Chem. Abstr., 68, 13974a 11965).

(4) ®.C. Chang, P. H. Terry, (. W. Woands, and A. B. Botkovee, J. Ecen.
Entomol., 60, 1623 (1967).

(5) P. Fl. Terry and A. B. Botkovee, .J. Med. Chen., 10, 118 11007),

i) W, Klassen. J. F. Norland, and A. B. Bofkovee, J. Feon, Enrlomel., 61,
401 11HI68)
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Fractions,? g e IProdiets, g oee-

KMbOy/ CHCL CHCLy

HEMEY sololide insolnble 1 3 4 6 1ICHO
! .75 DAY G8.6 27t 3440 0
2 b 36" 1.03 3.2 122 678 174 0
o 1.A9 .42 ) 0 53.7 419 40
4 1 40 203 0 ) 324 62,4 5.2
N 131 244 0 0 15.4 783 6.5

* Obtained from the oxidation of 179 g (10 mmoles) of
HEMPA. " Some material was accidentally Jost.

the proportion of the two fractions could be changed
it favor of the imorganic products. By keeping the
molar ratio of permanganate to HEMPA below 3,
the organic fraction predominated and a meaningful
analysis of its constituents was possible.  The effect
of the ratio of reactants on the composition of produets
is shown in Table [. The isolation and identifieation
of the individual eomponents of the chloroform-soluble
fraction indicated the sequence of reactions shown in
Scheme I. There is little doubt that 1 is oxidized
initially to the unstable hydroxymethyl derivative 2
though the latter compouned was not isolated.,
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In the insecticide octamethylpyvrophosphoramitle
(schradan), 1 is a frequently found impurity and the
metabolisin aid oxidation of hoth componnds have been
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studied by many workers.” The demethylation of
octamethylpyrophosphoramide to the heptamethyl
stage has been well established and the reaction sequence
shown in Scheme IT was suggested by Hartley® A

Scueve I1
CH; O CH;, CH,OH H
v t / /
N — > -\ —> -N —> -N
AN AN N .
CH, CH, CH; CH;

shmilar sequence has been proposed for 172-27:m but the
intermediate N-oxides and N-methylol compounds in
the oxidation of octamethylpyrophosphoramide or 1
were not isolated or identified.

In the MnO,~ oxidation of 1 we found no evidence
that an N-oxide was fornied but circunistantial evidence
indicated that the methvlol compound 2 was indeed
an important internnediate. Formaldehyde was de-
tected in the oxidation mixture, and the isolation of
the formyl compound 4° pointed to the methylol
compould 2 as beiug its logical precursor. When only
1 equiv of MnO,~ was used in the oxidation of 1
(Table I) the only products in the chloroform-soluble
fraction were 3 and 4. The possibility that 3 was forned
by oxidation of 4 ria the earbamie acid 5 can be elini-
nated. T a separate reaction, an authentic sample of
4 vielded upon oxidation with MnO,~ 6 but not 3 (or 5).
During the oxidation, the dimethylamino groups in
3 and 4 were apparently attacked preferentially because
both compounds were oxidized to 6 in separate experi-
ments.

At higher ratios of MnO,~ to HEMPA the formyl
compounds 4 and 6 were the major products but the
appearance of N-methylformamide in the chloroform
extract pointed to an increasing degree of cleavage of
the P-N boud. The resulting phosphoramidates and
phosphorodiamidates would not be expected to partition
iito chloroform. Only a small amount of oxidation
products was obtained when a mixture of 1 and 309%
hydrogen peroxide was kept at 30° for 3 days. The
products were analyzed by glpe and identified as 1, 4,
and 6.

Synthesis of N-Formylphosphoramides.—The formyl
compounds 4, 6, aud 9 were synthesized by a new for-
mylation procedure shown in Scheme III. The mono-
niethylamino compounds 3, 7, and 8 were converted

(7) (a) G. 8. Hartley and D. F. Heath, Nature, 167, 816 (1951); (b) D. F.
Heatl, D. W. J, Lane, and M. Llewellyn, J. Sct. Food Agr., 8, 69 (1952);
(c) J. E. Casida. T, C. Allen, and M. A, Stahmann, J. Am. Chem. Soc., T4.
5548 (1952); (d) R. D. O'Brien and E. Y. Spencer, J. Agr. Food Chem., 1,
946 (1953): (e) J. E, Casida, T. C. Allen, and M. A. Stahmann, Nature, 170,
243 (1953); (f) J. E, Casida, T. C. Allen, and M. A. Stahmann, J. Biol.
Chem., 210, 607 (1954); (g) H. Tsuyuki, M. A, Stahmann, and J. E. Casida.
J. Agr. Food Chem., 8, 922 (1953): (1) E. Y. Spencer, Chem. Can., 10, 33
(1955); (i) D. F. Heath, D, W. J. Lane, and P. O. Park, Trans. Roy. Soc.
tlondon), 239B. 191 (1953); (j) R. D. O'Brien and E, Y. Spencer, .J. Agr.
Food Chem., 8. 36 (1955); (k) H. Tsuyuki, M. A, Stahmann, and J. E.
Casida, Biochem. .J., 59, 1V (1955); (1) E. Y. Spencer, R. D. O'Brien, and
R. W. White, JJ. 4gr. Food Chem., 6, 123 (1957); (m) B. W. Arthur and
J. E. Casida, J. Econ. Entomol.. 51, 49 (1958).

(8) Reference 7i refers to a paper presented by G. S. Hartley at the 12tu
International Chemical Congress, New York, N. Y., 1951.

(9) Although the oxidation of phosphoramides to their N.formyl deriva~
tives is unique., carboxylic amides and aromatic amines are known to give
this type of oxidation product: see, e.g., (a) M. V. Loch and B. F. Sagar.
J. Chem. Soc., 690 (1966); (b) A. M. Abdel-Wahab, R. J. Kuhr, and J. E,
Casida, J. Agr. Food Chem., 14, 290 (1966): (¢) A. M. Adbel-Wahab and
J. E. Casida, ibid., 15, 479 (1967): (d) H. B. Henbest and A, Thomas, Chem,
Ind, (London), 1097 (1956): (e) H. B, Henbest and A, Thomas, J. Chem.
Soc., 3032 (1447).
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ScHeME 111
LiAlH,

RNCH; RN (CH:I)CHO

NaH Hcoy'

RN (CHy)N
3,R = [(CH,).N PO (CHy)Na

7.R= (CH.).NPONHCH, 6.R - (CH.);.NPONHCH,
8,R= (CH;I)»_-NPO@ 9.R- (CH;n)zNPO@

to their sodium derivatives and treated with formyl
fluoride.’ The formyvl group in 4 was easily reduced
with LiAlH, to 3 but, as mentioned earlier, the oxida-
tion of the formyl group appears to be more difficult.
Although neither 4 nor 6 were found among the metabo-
lites of 1 in male house flies* and 4, 6, and 9 were in-
effective as house flv sterilants, 4 was metabolized by
niale flies to 3.

The oxidation of N,N,N’ N’-tetramethyl-P-piper-
idinophosphonic diamide (10) vielded 9 but because
the other products in the chloroform-soluble fraction
were not identified the relative susceptibility of the
nmethylene and methyl groups in 10 to MnOs~ oxida-
tion could not be assessed.

4 R=[(CHy).N .PO

Experimental Section

Boiling points areuncorrected. Where analyses'2are indicated
only by symbols of the elements, the analytical results obtained
for those elements were within £0.49; of the theoretical values.
The identity of all new compounds was confirmed by ir, pmr, and
mass spectra. Ir spectra were recorded with a Perkin-Elmer 521
spectrophotometer, pmr spectra with either a Varian A-60 or a
Varian HA-100 spectrometer using TMS as an internal standard,
and mass spectra with a CEC 21-110D spectrometer. Analvtical
glpe determinations were performed with an F & M Model 720
dual-column chromatograph. Company and trade names are
given for identification purposes only and do uot constitute
endorsement by the U. 8. Department of Agriculture.

Oxidation of Hexamethylphosphoric Triamide (1). A, With
KMnO,.—In each of the experiments outlined in Table I, 1.79 g
(0.01 mole) of 1 and a 0.3 M KMnO; solution were allowed to
react until all the KMnQs was decolovized (4-8 hr). The MnO.
was filtered off; the clear filtrates were freed of the H,O under
vacuum. The resulting mixtures of lignid and solid materials
were each extracted with two 50-ml portions of CHCI;, the
extracts were dried (MgSQ,), and the CHCI; was removed under
vacuum. The CHCl;-soluble material was analyzed semiguanti-
tatively by glpe.’® In these small-scale oxidations 1 was oxidized
completely when 0.02 mole of KMnQO, was nsed but when the
reaction was repeated on a larger scale, larger ratios of KMnO,
were required for complete oxidation. The CHCls-insoluble solids
were dried to constant weight over P;O;. These solids evolved
NH; (and perhaps other amines) ou heating, gave off CO; on
acidification, and after acidification contained 2.109%, C and
1.269, H.

B. With H;0.—A mixture of 0.286 g (1.6 mmoles) of 1, 25
ml! of H.O, and 0.36 g (3.2 mmoles) of 309; H,O. was kept at
room temperature for 1 day, and then heated in a hot-air bath
for 3 davs at 50°. Removal of the H;O gave mostly nunreacted 1
(glpe analysis), but a small amount of 4 and traces of 6 and N-
methylformamide were detected. Compound 4 has also been

(10) Various amides, including 8, have heen acylated in this manner; see,
e.g.., K. Basse, Ed., “Organische Phosphorverbindungen,” Vol. 2, Part 2,
Georg Thieme Verlag, Stuttgart, 1964, pp 968-971.

(11) 8. C. Chang, unpublished results.

(12) Microanalyses were by Galbraith Laboratories, Knoxville, Tenn.

(13) The column used in all glpe analyses was a 61 X 0.635 cm od stain-
less steel column containing 59 Carbowax 20M on 60~80 mesh base-wasled
Chromosorb W. The conditions used routinely were column, injection-
port, and detector-block temperatures 190°, 225°, and 235°, respectively.
He flow rate 60 ml/min, chart speed 2.54 c¢m/min, and attenuation 1.
Under these conditions, compounds 1, 8, 4, and 6 eluted at ca. 0.5, 1, 2, and
5.5 min, respectively. In addition, compounds 8. 9, and 10 eluted at ca.
3.25, 6.5, and 1.75 min, respectively.
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detected, in very small quantities, in aged CHCly solutions of
[T1ISMPA,

Formaldehyde in the Oxidation of 1. - A mixture of .60 g
(5535 nmoles) of 1, 11,1 ml (3.33 nnnoles) of 0.3 3/ KMnO,, and
25 mlaf 10 was stivved rmtil it decolorized (20 min) and then it
was filtered directly into 83 ml of 2 4-dinitrophenylhydrazine
solution.”t  After 2 hr, 0,040 g of crade formaldehvde 2,4~
dinitrophenylhydrazone, inp 160-162°, precipitated. Recrystal-
lization (BtOH-I.0) gave a pure sample, mp 164-165° (113"
mp H66%): v gpectrinn wag identival with that of the anthentic
compoungd.,

Isolation of Pentamethylphosphoric Triamide® (3).— The
filtered mixture from the KNnQy oxidation of T was extracted
with CHCle which removed all unreacted 1, sone 3, and ahnost
all 4. A snbseqnent continnots extraction witls CHClL; gave
almost pure 3, which o short-path distillation gave a1 material
with i specirum identical with that of the anthentic sample.
e, ’(“lI](;N;()P) C, }I‘ N. P

Pure 3 was also obtained by glpe of the CHCl exuract, and
collection of the corresponding fraction.

N-|{Bis(dimethylamino)phosphinyl|-N-methylformamide {4).
A. By Oxidation of 1.--The CHCl-soluble fraction from the
oxidation of 1 was distilled in a spinning-band colmmn.  The
last fraction, bp 102-107° {0.04 nun), contained 4. Short-path
distillation gave the analyvtieal smmple: bp X7° (0.0 mm); pmwr
gpectrimm (CCly), 6 8.56 (singlet, 1 1, H:CNCHO), 2.78 (donblet,
5 HCONCHO, J = 0 eps), 2.65 (doublet, 12 I, H;CNCH;,
J o= 10 eps1 e 16R2 e 7 1COY e 13 bl (CH N -
O ¢ N, P

B. By Formylation of 3.-—Only dry reagents were n=ed in thi~
expernnent. A solurion of 4.1 ¢ (0.025 wole) of 3 in 15D ml of
Ea0 was added, dropwise, to a shiry of Lt g (0.0416 mole) of
pulverized Nall and 50 ml of KGO in Ny ativosphere. The evoln-
tione of . proceeded for several hours.  The mixture was allowed
to stand overnight, then it was enoled 1 4 Dry Iee-—-acetone bath
and a cold (Dry lee-acetone) sohvion of 1.31 g (0.041 mole} of
HCOFY i1 15,0 was added within 2 min. The mixture wag stirred
far a few honrs and filicred, and the Et;O filtrate was evaporated
nuder vacmim.  The pale vellow, liquid residue (3.74 g) con-
tained, by glpe analysis, 4945 of 4, the remainder of the material
wus iy 3. The ir spectrum of 4 {eollected by glpe) was
identical with thai obtained nnder wethod AL

N,N,N"N"-Tetramethylphosphoric Triamide (7).—Ouly dry
rengents were tsed in this experiment. A flask containing 800
ml of CIICl was cooled 1 Dry Tec-acctone) and 74.54 g (2.40
mole<y of lignid methylamine was added, To the cold { —78%)
mmive soltion was added, dirtng 15 min, a solution of 48.60 g
(.30 mole) of dimethylphosphoramidie dichloride® in 200 ml of
CHCL. The contents were then allowed to warm to room tem-
peratnre and stand avernight.  Remwoval of the salt and the
solvent left 53,73 g (83C) of ernde 7. This material was thermally
unstable and attempted pnrification by distillation or glpe was
msneeesstnl. Tle mdicated small amounts of 1wo hmpurities,
Thus, ernde 7 was used in the preparation of 6.

N-{(Dimethylamino )(methylamino)phosphinyl] -N-methy!-
formamide (6). A. By Oxidation of 3, Althongh 6 can be
obtaied by the oxidation of 1 {see T'able 1) it was prepared more
canily, ane in higher vield, hy the oxidation of 3. A solution of
£G.52 g (0,10 mole) of 3 in 100 ml of H,0 was stirred and 667 ml
(0.20 mole) of 025 W KNnO, was added dropwise within 1 br.
The temperature was manitaimed at 50°. After 4 hr, the ¥MuO.
was filtered off, the 1,0 was removed uuder vacnin, the residue
wias extracted three tines with 100-inl portions of CHCls, and
the extrtets were dried ( MgS0s). Removal of the CHCly mnder

{14y Prepared hy the method of S0 Rawalay and H. Shechcer, J. Org.
Chegc., 82, 3120 (19671,

15y R. L. Shrinee, R. €' Fusob, atdl D, Y, Cartin, “The Myscemalic
Lienditicaion ol Organic Compooists,'” 44 el Jola Wiley and Sons, Ine..
New Yok, N. Y., 1936, p 283,

16y We eanno¢ explain why the N-formyl proton appears as & singie(,
ettleer than a Jdoublet. The sample was ran at roomn temperature neat, iu
O, in CDC, and in 1205 at 1209, 130°, 150%, and 180° neat: in ChCs-
CCloat 602, 80°, 90°, and 1139 and in CDCLoar =160, 1p all cases the
reak remajyned a singled.

(17 <ad A. N. Nesinejanow and E. ). Kabhn, Ber., 67, 370 {1934;; I«
. OMaly, 5. Kuho, aisl 3. Beke, ibid,, 89, 862 (1956): (e G. Olab, Kd..
“Friedel Crafts and Related Reactions,” Vol. 3, Part 2, Interseience Tuls
tisbers, tne., New Yeork, No Y., 1964, p 1170,

I8 cat A, Miclaelis, Aron, 326, 171 11003); it J. B, Dickey, T EL
Riamin, wmd Y W Canvor e 17080 Patea 20185 85 11919y Chewy, Ahste
44, SN 1GH L A,

Vol Il

vacum left 12,50 g (68.64.) of crude prodinet that ventained
ea. 950 of 8 (glpe analy=iz). Two short-path distillations gave a
colorless ol hp 126.5° 10.005 mn); n*n L4708 pimr spectrinm
(CCLy, 8 8.74 singlet, 11, TLONCHOL, 4.25 (brosd sivglet, 111
HLONH), 287 (donblet, 3 1, HyCNCHO, S == X eps), 2,75 1done
blet, 6 11, H{CCNCH,, J 1) eps), 2.54 (doublet, 5 11, H3O'N'H,
Jo= Geps)s vt 1680 ¢t U CO L e 1790 Anal (1CLIT N0
COH, N, P

B. By Formylation of 7. Crude 7 wus formylated in & manuer
smnilar to the formylation of 3, excepC THF was used as thesolvem
17 1% insoluble 1 En0% From 5.78 g (0,025 mole) of erude 7.
250 g of prodoet was ebtained. The main component, by glpe
aralvsts, wis 6.

C. The oxidation produitets of 4 with an equittolar quantity
af KM MOy produets were analyvzed by glpe. Only 6, Nanethyl-
formamide, and the sturting material were detected,

Reduction of 4 to 3, A solution of 1.95 g (0.01 mole) of 4 in
20 ml of dry L0 wax added dropwise (10 min) to a stirred sts-
pension of 114 g (0.03 mole) of LiAIH in 50 ] of dry Et.O.
The mixture was beated under reflnx for 2 hr, cooled, aud treated
with 1t ml of opropyl aleohol followed by 8 ml of a saturated
NaCl=olntion. After standing overnight the mixture was filtered,
the golid was washed with isopropyl alcohol-Et,Q 12:3), and
the combined filtrates were dried MgSQy). The solvent was
retroved tuder vacttmn and a short-path digtillation of the vellow
liguid gave 1o g (60.577) of 3,"® hp 7H-78° 10.01 mm1l: glpe
pure; ir specteim tdentical with that of the anthentic material,

N,N,N -Trimethyl-P-piperidinophosphonic Diamide :81. A
solution of ee. 27 g of dry MeNH. in 300 ml of anhydrous 11,0
cooled to —30° was treated dropwise with 31,60 g (0,15 molei of
N.N-dimethyl-P-piperidinophosphonamidie cbloride $11) i 1t
mlof deyv Et.O. Fxeess MeNHe was allowed to reflix i3-4 hr, aed
then ta esceape overnight,  MeNHq- 1Ol was filtered off and the
salvent was removed nnder vacnum, leaving 27.46 g of vellow
lignid.  During shart-path distillation some decormposition oc-
curred, but 19.44 g (65.590) of 8 (99 pure hy glpel was «h-
tainned.  Redistillation: (no decomposition) gave the analvtieal
sample, n¥*np L4867, bp 124-126° 0.015 tmm) teal. (Cilles
NoOPy» G, LN P

N-|(Dimethylamino jpiperidinophosphinyl|-N-methylformam-
ide ¢9), A, By Oxidation of 10.5--A =olution of 119.63 g
10 5t moled of 10 e 500 ml of Hy() was stirred, cooled, and oxidized
at ce. 0% by dropwise addition 14 hry of an aqueous sohtion of
158.05 g (1.0t molet of KNInO,. The nnxture gtood overnight,
the MnOs: wuas filtered off, and the 1.0 was removed under
vacnum.  The vesidne, a mixture of lignids and solids, wius
filtered through a stntered-glass fuinel and the =olid was washed
theronghly with CHCLl: the dry solid weighed t7.65 ¢ The
filtrate formed two lavers which were separated.  The upper
layer solidified te a yellow gmn (14,82 gy The CHCL layver
was dried t MgSU) and freed of the solvent and SE20 g of o
orange lquid rentained.  Short-path distillation gave a fractiag
bp 123-151° (ean 0,025 ), which contained ca. 807 of 9 (by
glpe).  Repeated distillation gave 4.60 g of 91 bhp 1201217
10.005 mmd; n¥p 1.4949 tpure by glpe analysis); pnn spectrum
(CCLY, 8 853 dsinglet, 1 H, H;CNCHO). 3.03 tbroad nmltiplet,
4 H, piperidinyvl (CH:1N), 2.77 t(doublei, 3 H, H.(ONCLHU,
J o= = oepsi, 265 idoublet, 6 H, H;CNCH;, J = 10 eps), 1H0
teinglet, 6 H, the remaining six H of the piperidinyl system i
v 1678 em "1H CO Yy /e 233, Anal. 1CHyN;O0.P) ¢, 1, N, P

B. By Formylation of 8.-~This preparation was analgas 1o
the synthesis of 4: thus, when 100 g (0.0416 mole) of Nall, 5,13
g {0.025 molei of 8 and 1.81 g (0.041 mole) of [TCOE were
allowed to react in 5t.0, 3.60 g of o pale, vellow liqnid wis
obtained. Short-path distillation gave 3.80 g of a clear ligaid
containing 619 of 9 apd 379 of 8 (hy glpe). The ir spectruny of
9 callected by glpe from this mixtnre and the spectrmn of 9
prepared by oxidation were identical.

N,N-Dimethyi-P-piperidinophosphonamidic Chloride (11). A
solution of 24.30 g (0.15 mole? of dimethyvlpbosphoramidic i-
chloride” in 500 ml of dry hexiue was cooled in an iee bath and
stirred while w solution of 23.35 g (0.30 mole) of piperidine in 50
utl of hexane was added dropwise {t hr).  After U day, the piix-
ture was filtered, the solid was washed with liexane, and

19y The redvction oy 4 1o 8 1s an example of redoctive decompoesition «ley
»siler exalples see N. G. Gayterd, “Reduction with Complex Mecal Hy-
sdbrisles,”” Inmterscience Paldiskers, [ne., New York, N. Y. 195G:.  On the
»ther hand, redociion oi dibucyl N-formylphosphoramidate 10 didoyl N
mehvlyiosphioramidate tais teen reporred Ly K, D Berbroarel M v R
tlatyn o, Telrahedyan. 23, IRT (1416
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the combined filtrates were dried (MgSQO;). Removal of the
dryving agent and solvent left 28.24 g of a yellow liquid. Short-
path distillation gave 24.56 g (77.59%) of 11 (ca. 999, pure by
glpe). A single redistillation gave the aualytical sample, n*p
1.4932, bp 77° (0.005 mm). Anel. (C:HCIN,OP) C, H, N, P,
Isolation of N-Methylformamide from Oxidation Mixtures,—
In various oxidations of 1 (Table I) and in the oxidation of 3 to
6, a low-boiling produet was noted in the initial distillations of
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the crude products. The wvolatile material was identified as
N-methylformamide by comparing its ir spectrim with that of
the anthentic compound.

Acknowledgments.—We thank Mr. E. L. Gooden
and Dr. John L. Ruth of this Division for the pmr and
mass spectra. respectively.
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The chloroform- and ether-soluble products of the oxidation of hexamethylmelamine with potassinm per-

manganate were identified as methylmelamines and mono- and diformylated methylmelamines.

The formyl

compolinds were also synthesized by formylation of methylmelamines with formamide or with formy! flnoride.

In conjuction with our study of the metabolism of
hexamethylnielamine (HEMEL)? in male house flies,
Musca domestica L., we have investigated the oxidation
of this chemosterilant with aqueous potassium per-
manganate. Our previous experiments with the
chenmosterilant HEMPA (hexamethylphosphoric tri-
amide) showed that this dimethylamino compound was
demethylated in vivo? and in vitro! to the corresponding
pentaniethyl derivative. The pentamethylphosphoric
triamide is a much less effective sterilant than HEMPA
and its further oxidation or demethylation does not
vield active chemosterilants. On the other hand, a
gradual demethylation of HEMEL leads to compounds
of considerable activity that sometinies surpasses
that of the initial compound.®* In the present study,
we have isolated and identified the chloroform-soluble
and ether-soluble products of the oxidation of HEMEL:
all were derivatives of s-triazine. The possibility
that other s-triazines which were 10t extracted with
chloroform or ether still remained in the mixture cannot
be entirely eliminated but the solubility characteristics
of most triazines which could be formed by oxidizing
HEMEL do not support it.

The mildly exothermic oxidation of HEMEL with
aqueous KMnO, was carried out at room temperature.
Although the insoluble base was first dissolved in acid,
the mixture became basic and heterogeneous as the
reaction progressed. The solubility of methyhuela-
mines in water inecreases with the decreasing nunber
of methyl groups and the lower methylmelamines had
to be extracted with ether from the aqueous phase.
Higher niethylnielamines and formylmelaniines were
extracted with chloroform fromn the solid phase. The
products obtained from a typical reaction are shown in
Table I. All possible methylnielanmines, with the excep-
tion of N2 N2-dimethylinelamine were detected aniong
the products. About 119 of the initial quantity of 1
was recovered and about 399, of it was converted to
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TasLe 1
s-TrR1az1NRs OBTAINED BY OxipatioN oF HEMEL
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NQ)N\R,

R//
Yield®

Wt Mole
No. R R* R Yo %
1 N(CH) N(CH,) N(CHy) 10.7*  10.7
2 NHCH, N(CH;): N(CH;), 7.5 7.9
3 NH, N(CH,), N(CHy):. 0.3 0.3
4 NHCH; NHCH; N(CH;); 9.3  11.0
5 NH. NHCH; N(CHy):. 0.3 0.7
6 NHCH, NHCH, NHCH; 3.1* 3.8

1.7 2.1
7 NH, NHCH,; NHCH; 5.1° 7.0
8 NH, NH, NHCH; 4.1° 6.1
9 N(CH;)CHO N(CH,), N(CHy), 4.8 4.5
10 N(CH;)CHO NHCH; N(CH;), 3.2 3.2
11 N(CHy)CHO N(CH;)CHO N(CH;), 3.9 3.4
12 N(CH;)CHO N(CH;)CHO NHCH; Tracet

@ The individnal vields refer to the initial amount of HEMEL
nsed in the reaction. They were calculated from glpe peak areas
(CHClI; fraction) or estimated by tle (Et,O fraction). * In CHCl;
extract. ¢ In EtO extract.

lower methylmelanines. In analogy to HEMPA, the
oxidation of 1 follows two routes which appear to have a
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common internmediate. None of the possible methylol
intermediates was found in the oxidation mixture but
some of them have been synthesized previously and were
sufficiently stable to be used in confirmatory reactions.
Thus, when {[4,6-bis(dimethylamino)-s-triazin-2-v11]-
niethylaminoniethanol®® was oxidized with aqueous
permanganate, both expected products 2 and 9 were
isolated.



