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the combined filtrates were dried (MgSQ;). Removal of the
drying 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 analytical sample, n¥p
1.4932, bp 77° (0.005 mm). Anal. (C:H);CIN,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 proditct was noted in the initial distillations of
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the crude prodiiets. The volatile material was identified as
N-methvlformamide by comparing its ir spectrum with that of
the authentic compoind.
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The chloroform- and ether-soluble products of the oxidation of hexamethylmelamine with potassiiim per-

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

The formyl

compotmds were also synthesized by formylation of methylmelamines with formamide or with formyl flnoride.

In conjuction with our study of the metabolism of
hexamethylmelaniine (HEMEL)? in male house flies,
Musca domestica L., we have investigated the oxidation
of this chemosterilant with aqueous potassium per-
manganate. Our previous experinients with the
chemosterilant HEMPA (hexamethylphosphoric tri-
amide) showed that this dimethylamino compound was
demethylated 7n vivo® and in vitro! to the corresponding
pentamethyl 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 sonietimes surpasses
that of the initial compouud.** Iu 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 not 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 methylniela-
mines i water increases with the decreasing number
of methyl groups and the lower methylmelamines had
to be extracted with ether from the aqueous phase.
Higher methylmelamines and formylmelamines were
extracted with chloroform from the solid phase. The
products obtained from a typical reaction are shown in
Table I. All possible methylmelamines, with the excep-
tion of N2, N2-dimethylmelamine were detected among
the products. About 119 of the initial quantity of 1
was recovered and about 399, of it was converted to

(1) Previous paper in the series: P. H. Terry and A. B. Borkovec, J.
Med. Chem., 11, 958 (1968).

(2) 8, C. Chang, A. B. Dellilo, C. W, Woods, and A. B. Bofkovec, J.
Keon, Entomol., in press.

(3) 8. C. Chang, P. H. Terry, C. W, Woods, and A. B. Borkovee, ibid.,
60, 1623 (1967).

(4) (a) A, B, Borkovec and P, H. Terry, U. S. Patent 3,189,521 (1165);
(1 A, B. Botkivee and A, B, DedMilo, J. Med, Chem., 18, 437 (1087).

TasLE I
s-TRrR1aziNEs OBTAINED BY OxipatioN oF HEMEL

R

A
N(}I))N\R/

R”
Yield®
Wt Mole
No. R R’ R” o Yo
1 N(CH:) N(CH;). N(CH;). 10.7* 10.7
2 NHCH;; :\.(CH3)2 N(CH%)Z 7:)') 79
3 NH. N(CHjs). N(CH;3) 0.3 0.3
4 NHCH; NHCH; N(CHs), 9.5 11.0
5 NH, NHCH; N(CH;). 0.5 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(CH;), 4.8 4.5
10 N(CH;)CHO NHCH; N(CHjs), 3.2% 3.2
11 N(CH;)CHO N(CH;)CHO N(CH;) 3.9 3.4
12 N(CH;)CHO N(CH;)CHO XNHCH; Trace®

@ The individnal yields refer to the initial amount of HEMEL
nsed in the reaction. They were calcilated from glpc peak areas
(CHCI; fraction) or estimated by tle (Et,O fraction). » In CHCl;
extract. ¢ In Et;O extract.

lower methylmelamines. In analogy to HEMPA, the
oxidation of 1 follows two routes which appear to haven
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common intermediate. Noie 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-y1]-
methylamino}methanol*® was oxidized with aqueous
permanganate, both expected products 2 and 9 were
isolated.
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The formylmelamines are not decarbonylated during
the oxidation.  For examiple, 9 did not decompose in a
solution buffered to pH 10,5 and its oxidation with
permanganate gave 11 but not 2. Apparently, the
only pathway for the gradual removal of methyl groups
in the oxidation of 1 is the elimination of formaldehyde
from methylol interniediates. Indeed, formaldehyde
wins detected in the oxidation mixture at equhnolar
concentration of 1 and pertnanganate,

The four formy! compounds 9-12 were synthesized
independently by formylation of the appropriate
methyimelamines with formamide or formy! fluoride.
IFormamide is a convenient reagent for the mono-
formylation of nielamines® but diformyl compounds 11
and 12 were produced in very low vields by this method.
The method of Terry and Botkovee! in which sodium
salts of amides are treated with formyl fluoride appears
to be more suited for the preparation of diformyl-
melamines. N-[4,6-Bis(dimethylamine)-s-triazin-2-y1|-
formamide was also synthesized by the formamide
pracedure but neither this eompound nor any other
triazinylformamide were detected in the oxidation of 1.
Appurently, the -NHCH,OH group eliminates form-
aldehyvde mueh faster than the ~-N(CH;)CH.OH group.

Most of the lower methylmelanines obtained in the
permangaiiate oxidation were also found among the
metabolites of HEMEL in 2ivo:* however, formyl
compounds were detected and identified only in the
invitro oxidation.  The formylmelamines prepared in
owr study were either ineffective or only moderately
effeetive as chemosterilants of house flies.

Experimental Section

Melting points were taken i a capillary tnbe and are corrected.
Glpe data were obtained with an F & M 720 gas chromatograph.
The column nsed wag a 61 X 0.6 em (0.d.) stainless steel column
packed with 109 diethylene glycol suecinate on 60-80 mesh acid-
washed Chromosorh W.  All tle plates were prepared by mixing
1% of copper—ziuc sulfide phosphor (Kensington Secientific
Corp., Oakland, Calif.) with the adsorbent. The adsorbent
layer was 200 g thick and the plates were nsnally dried at 110°
for 0.5 lir prior to use. By employving a short-wave uv lamp the
triazines appeared as dark bliie spots vn a light background.

All melamines used i this stndy as standards or as starting
materials were prepared by methods previonsly deseribed.*
The ideutity of all new componnds was confirmed by pmr
specira.  Where analyses are indicated ouly by symbols of the
clements analvtieal results obtained for those elements were
within =£0.4C; of the theoretical valies. Mention of a proprie-
tary produet or company does not pecessarily imply endorse-
ment of the product or company by the U. 8. Department of
Agrieultiure.

Oxidation of HEMEL Hydrochloride.~~To a suspension of
14.70 g (0,070 mole) of 1 in 35 ml vf H.O was added 70 ml of 1
N HCL  When dissolution was complete, 60.9 g (0.39 mole) of
KMnO; in 980 ml of H:O was added (5 min). The suspension
wits ~tirred (I hr) and filtered (1 hr3, the filter cake was washed
with a0, and the aquenus filtratex were combined. The solids
were further extracted with CHClL o provide 6.4 g of produets
which were analvzed by glpe. The individual products along
with their respective glpe peak areax (©/) arve listed in order ax
they ehited from the eolimu:® 1 tglpe, mmp), 24.5; 2 (glpe,
ir, mmp), 17.0: 3 (glpe, ir, mp), D.7: 4 (glpe, ir, mmp), 21.9;

ia) 1. M. Smolin and L. Rapoport, “s-Triazines and Derivatives,”
Interseience Publishers, Ini., New York, N. V., 1959, p 343, state that N-
lormylmelamine js easily byvdrolyzed. 1n olir experiments, oxidation mix-
tares witl) excess permanganate were always alkaline.

{6y G. ¢!, LaBrecqile, inpnhlished datua.

{7r Norations in parentheces indicate the physical methods by which the
ildentily o the colnmmromls was confirmes! i1l conlparing ) lein with 1 he sisil-
dnls

Vol 11

9 1glpy, 1, mmyp, tey, Lbr 8 i, de, B 6 (glpe, ), T.0:
10 (glpe, 1), 7.3; 11 «glpr, i, mmp, pwrl, XD 12 (v, mpy, taee.

After the KMnOy hiad completely vencted, the rombined aqgue-
nus filtrates were again filtered and ennrentrated v 300 ml under
vacinm.  The solntion was nentralized with HCHand extrietenl
for 5 davs with O, The extrart was filtered and the filtrate
was evaporated. The filter cake (1.2 gy was analyzed by e
on silica gel (v and develvped witlh MeOH-CHCIl; v1:1). The
praducets were wdentified as 7 tir, nunyp, the) with 1, 0.55, nl 8
vir, ey with Ry 043, The two componnds were alsa separied
by rrystallization from MeOH.  Fyvaportion of 1w ethereal
filtrate gave 0.4 g of o mixture of 6 and 7.

Detection of Formaldehyde in the Oxidation of HEMEL Hydro-
chloride. - "To a1 =obition of 0.7Y) g (5.0 mmoles) of KMuOy in 75
mlof HaO was added 125 g (5.0 muioles) of 1-1HCL - Afer <tirring
140 niinn ), the mixturer ptl .85, no pxeess KAMnOy retaiming ) wis
Hltered and the filtrate was auldeld to 130 wil of an acidified solu-
tmn of 2 4-dintvrophenylihvdrazine.  After 2 hir, 2005 mg (0,143
of the 2 4-dinitrophenyihydrazone of formaldehyde previpitatel.
Recrystallization from D590 EtOL gave the pure hyvdrazone, mp
165.5-168° > mp 166°), which did 1t depress the melting
point of an antherie sample. A solution nf 1Tin HCL did not give
i positive tegt for formaldehyde.

Oxidation of }[4,6-Bis(dimethylamino |-s-triazin-2-yl/methyi-
amino {methanol.- To u solution of 0.40 g (2.3 mnoles) of
KMuO, in 13l of HaO was added 0258 g (1.25 nmmles i of the
powtlereill title comrpomd. After stirving the <hirry (F het, the
=blids were collerted by filtration, washell with H.O, and dried.
The produncts were extracted with CHClL and the extract was
examined by glpr and tle.  Separation by preparative glpr
afforded pure samples which were identified by ir, glpe, and
ns 2,9, 10, und 11, with gipe peak areax of 173, 45.5, 10.6, awml
25,94, respectively.

N-14,6-Bis(dimethylamino )-s-triazin-2-yl|-N-methylformamide
(9).  A.—Sodinm pentamethylmelamine wax prepared by stirring
t.44 g (0.06 mde) of Nall in 150 ml of dry Et,O0 eputaining 9.5
g (0.05 mole) vf 2 for 19 hr at room temperatnre and finally by
keeping the slurry inder reflux for 2 hr,  To this mixture wasx
added (10 min) 55 ml ol an ethereal solution eontaining 5.6 g
10.12 nole) of Turmyl flnoride:¥  the temperatitre wis maintained
at —15° Additional 10) ml of 1260 was added and the mixture
wis stirred 1t — 15° for 1 hir before allowing it tv come o ronm
temperature.  After stirring overnight, the solids were remuowved
hy filtration aml e filtrate was evaporated to dryness under
vacinm, Two recrystallizntions of the residue from eveluhexine
gave L.86 g t16.69,1 0f 9, mip 120.5-132°  Anal. (Cul N0
¢, H, N,

B. A mixture ni 10.0 g (0.051 mole) of 2 and 25 ml of formeam-
ide wax heated with stirring at 185° for 2 hr. The melt wax
poured into 50 mil of 11O and the insoluble produet was rollected
by filtration.  The crnde produet weighing 8.2 ¢ (70.2¢,) was
ca. U puve by glpe.

N-!4-(Dimethylamino)-6-(methylamino )-s-triazin-2-yl|-N-
methylformamide (10). A.--The sodimn salt of 4 wax prepareal
by stirring 0.96 g (0.04 mole) of Nal in 55 mlof dry Et.0 contain-
mg 5.47 g (0.03 molet vf 4 for 28 lir at rovm tetperainre. To
this <hirry, cooled to —60°, was rapidly added 40 ml vf 0
containing 4.0 g (0.125 mole) of formyl fluoride.  After the shary
was stirred at —60° for 0.75 hr, at 0° for 1 hr, und at rooni teni-
perature for 17 hr, the sulids were filtered and the filter cake was
washed with ether. Lvaporation of the combined filtrates gave
2.51 g of material estimated by glpe to vontain 1.98 g (31.5¢7) of
10 and 0.53 g (7.4, ) nf 11. The solids were taken np in CHClI,
and washed with HQ) and the CHCly laver was dried (MgSO,3.
Removal of the snlvent inder vacuinm and revrystallization of
the residue from benzene gave 0.8 g of 10, mp 31.5-1:34°
Anal. (CHLNO) ) 01, N

B.—Compomnd 10 was als prepared in a 63 viehl from 4 by
the methnd i B above.

N,N’-[6-(Dimethylamino )-s-triazin-2,4-diyl]bis(N-methyl-
formamide) (11). A.--The disodium salt of 4 was prepared by
stirring 1.44 g (0.06 mole) nf NaH in 60 nil of dry 16t,0 containing
4.56 g (0.025 mle) vf 4 for 23 hr at room temperature.  To this
shnrry, cooled to —70°, was added with stirring 4.6 g (0.089 mole?
uf formyl flnoride dissolved in 45 ml of Et,0.  After the mixtore

i8) K. L. Shriver, R. €. Fosn, and N. V. Curtin, " The Sysienullic
ldentifreation o) Organie Compoands.” 4t ed, Joble Wiley alad Sons, 1oe.,
New Vorke No Vo 193G, 1 283,

i (0 1al, X Kb, ond X0 Beke, Chen Beel, 89, 81§ 105G,
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was kept at —70° for 1 hr, at 0° for 1 hr, and at room temperature
overnight, the solids were collected by filtration and washed
with Et,0. The filtrate and washings were combined and treated
in the same manner as described for the preparation of 10. The
filter cake was washed with H;O and the insoluble solids were
combined with the residue from the Et.O filtrate to give 3.13 g
of products. Glpe analysis showed that the mixture consisted
of 1.67 g (27.9%) of 11 and 1.46 g (27.6%,) of 10. The mixture
was stirred in 40 ml of 0.1 ¥ HCI, and the acid-insoluble product
was collected by filtration. A second treatment with acid and
recrystallization of the insolible produet from eyeclohexane gave
0.9 g of 11, mp 182.5-184.5°. Anal. (C!)HHNsOg) C, H, N.

B.—A mixture of 300 mg (2.75 mmoles) of 4 and 3 ml of form-
amide was heated at 180° fur 3 hr nnder redticed pressure (315
mm). The melt wax ponred into 20 ml of H;O and 330 mg af
insolitble solids was collected by filtration (21.3% of 11 by glpe).
The solids were tritnrated with 10 ml of 1 N HCI, and the acid-
insoluble product was collected by filtration, washed with H.O,
and dried. Recrystallization from cyclohexane gave 106 mg
of 11.

C.—Oxidation of 336 mg of 9 with aqueons KMnO, and ex-
traction of the solids with CHCl; gave 1.1 mg of 10 and 9.9 mg
of 11: componnd 2 conld not be detected among the products.
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N,N’-[6-(Methylamino)-s-triazin-2,4-diy!]bis(N-methy!form-
amide) (12).—A mixture of 7 g (0.042 mole) of 6 and 18 ml of
formamide was heated at 185° for 2 hr. The melt was poured into
40 m] of HyO and the mixture was chilled in an ice bath. The
insoluble products were collected by filtration and triturated
with 40 ml of 1 N HCL.® The acid-insoluble product was col-
lected by filtration, washed with H,0, and dried. Recrystalliza-
tion from CCl; gave 0.26 g (39) of 12, mp 207.5-209°. Anal.
(CsH3NeO:) C, H, N,

N-[4,6-Bis(dimethylamino)-s-triazin-2-yl| formamide was pre-
pared in 28¢ vield from 38 by method B. The product was
recrystallized from EtOIT, mp 182.5-184.5°. Anal. (C;H1N(O)
C, H, N.
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(10) The major product of the reaction which was soluble in HCI was
jdentified as N-|4,8-hjs(methylamjno)-s-triazin-2-y1]-N-methylformamide;
mp 168-171° (analytical sample). Anal. (C;H2NsO) C. H, N,
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The postulate that a close approach to over-all planarity in bisquaternary ammonium heterocycles is essential
for maximum activity when tested against the 1.1210 system has been further investigated. The preparation
of L1210 active quaternary salts containing a dipheny! system suggests that complete planarity in this type of

molecule is not an essential reqtiirement.

In an earlier paper? we demonstrated that a close
approach to over-all planarity of certain quaternary
heterocycles was apparently essential for significant
activity in the L1210 system in mice. Proceeding from
this point we prepared®* active agents whose length
exceeded 30 A. This paper details an investigation into
these longer molecules in which deliberate attempts have
been made to introduce a small degree of twist in the
central area of the niolecules.

Using the biphenyl moiety as a central fragment hav-
ing the desired degree of twist about the pivot bond,
activity was first found in series I. Here, convineing

X A
+
e
3
IS
S

activity against the L1210 system could be denon-
strated in the series from methyl through n-butyl
quaternary salts (Table I).

Higher activity was shown by the bis(ethyl and bis-
(n-propyl quaternary) salts as compared to the other
homologs, but the precision of the test system does not

(1) Author to whom correspondence should he addressed.

2y G.J. Atwell and B. F. Cain, J. Med. Chem., 10, 708 (1967).
(3) G.J. Atwell and B. F. Cajn, 1bid., 11, 295 (1968).

(4) B. F. Cain, G. J. Atwell, and R. N. Seelye, ibid., 11, 300 (1968).

allow a clear cut distinction between these two mole-
cules.

It is interesting to observe that the relative R; values
for the ethyl and n-propyl quaternary salts of I lie on
either side of the figure noted for the optimum niembers
in a series prepared earlier.>~* Thus it would appear
that, even with the structural changes introduced into
I, the R; values can still serve as a reliable guide to the
relative hydrophilic-lipophilic balance.?

A marked contrast exists between the active series I
and the completely inactive biphenyl analog II reported

N
[_N\\ ONH / :
L_N/C HCO: \_‘
N
I

by Bennett.> Our results so far are now able to resolve
this apparent discrepancy. In our lead series, the
quaternary salts from N,N’-bis(6-quinolyl)terephthal-
amide, optimum activity is associated with the bis-n-
butyl salt, the higher n-hexyl homolog being inactive.
In variant I, where biphenyl replaces phenylene, in our
lead series, a lower quaternary salt (ethyl or n-propyl)
exhibits maximum activity. The change from phenyl
to biphenyl has thus increased the lipophilic character of
the resultant series by a factor equivalent to several
methylene groups. Thus, if in the active 4',4"’-bis-
(2-imidazolin-2-yl)terephthalanilide® the imidazoline as

(56) L. L. Bennett, Jr., Progr. Exp. Tumor Res., T. 259 (1985).



