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witlhe 4.4 ¢ (0.02 mole) of PCl; at voom tempernture. The
dioxime gradually went into solutivn, and the reaction mixture,
after being allowed to stand at room temperature for 1 day, was
poured into 400 ml of cold water; tetrahydrofuran was removed
by a stream of air.  The crude product was collected by filiration,
wixhed with water, and dried in air. On reerystallization {roaa
accetone-nietlianol there was obtained 1o g (G097 1 of 2,8-diacet-
amidephenothinzine 5,5-diexide (Vg as white ervstals, np
HESUARREES

Jdaal. Caled for Cilly NaOuR (54540 ¢ 535.6; L, 488 N,
[2.2: 8,028 Foand: 5855 11 441 N 1220 8 ‘.D.‘_‘U.

Beckimann rearrungeient »f the dioxine (VIIT) was eanted
oat by a similar procedure to give a 73% vield of 2,8-diacel-
aido-10-neetylphenothiazine (IXG: wmp 267-200° (it.?* mp
0150225,

2,8-Diaminophenothiazine 5,5-Dioxide (Va).- 'l‘he dinee
annide VI (.85 g, 0.6025 mede) was boiled with 100 ml of 1
HCH ar 1.5 b The reaetican mixture was filtered, (11111 the cooled
filtrste was nentralized  with NI1LOH.  The precipitate was
colleeted by filtmtion, washed wile water, and dried in air t
ive (L62 o (057051 of the erade Vi, nip 342-345° dee. On
reeeystallizaticn from methanad, the pure amine was obiained as
Prde vellow needles, mp 3483509 des (111 B3 =350°, 68 35034220

Aual, Caled for CulENGO08 (2613 s ML 4.25; N,
6.1, Foand: G, 5400 11 452 N, 1.').7.

2,8-Bis(ethylamino)phenothiazine 5,5-Dioxide (Vej. -~A =ux-
pension of 4.5 g 1013 moled of (he dincetamide Vb in 120 ml of
anhvdrous tetrahverofiiran was treated with 65 wml of a 1 3/
~olution of Dboran: in the same =olvent.  The reaetion mixture
was heated noder veflax for Tl inw hood, and water was ean-
Hon=ly introdace! to des um]mw tli¢ exeess borune,  After diln-
tion widh 106 ml of warer, the tesrniavdrofuran was distilled, and
an additional 300 ml of water was added. The preeipitated
=olid was filsered by =aeting, washed with water, and allowed to
dry i air 0 give 3.9 g 1907, oot Veoup 270-205° dee. On re-
ervstallization from methmed, wudyviieadly pore Ve was abtained
as wlite needles: mp 276275 dew: POGS g de 89,0001,
S12 mpy e 11,0000 The ndviaed spectrnm s maxima at 2.4,
B2 0.3, 6.7, 6.0, 8.2, mid S.8 .

S, Caled for €40 1GN00S (31740
1320 Found: ¢, 60.6; 1,598 N, 15.0.

2,8-Bis{methylamino jphenothiazine 5,5-Dioxide (Ve). —~T'0 un
acetic formie anhydride sohition {preparved by mixing 35 ml of
OS=1004, formde aeid aied 35 ml of acetie anhydride, and allowiig
the mixture to stand for 200 min hefore used was added in small
portions, 1.5 g (L6 mole s of 2 S«diaminophenothiazine 95,.0-
diexide ¢Val The formylation ixtire was stirred at room
tempernture for 4 Iy, then diluted with S0 ml of water. The
Jodaet was colleeted by filiraiion, \\‘.‘1\11((1 with water, and dried
inair to give 1.83 z of Vd, mp 392-385° dec. Componnd Vd
Iz u white solid, extrenely insolnble in methanol and other conm-
mon organie solvents.  Its infrared specirum showed the ox-
peeted wmide absorption bandx at 6.0, 6.5, and 8.0 u. The prod-
net thus obtained was nsed for the follcaving redncetion withont
purification.

The reduetion of Vid was coried cat in 100 ml of anhydrons
tetrahydrofuran with 40 ml of 1 1/ borane in the same solvent.
T'he reaction mixture was heated under reHux for 1.5 hir and
worked up as described for its ethyl analog (Ve to afford 1.5 g
of Ve, mp 272-274° dee. The over-ull yield from Va was S1¢,.
thr reerystallization from 111(111‘111“1, pure Ve was obtained as
white needles:  mp 275-277° deer NP 267 mp (e 93,000),
311 me (e 11,000]; maxima in tle infrared spectrim were at
2.9, 3.0, 6.2, 6.3, 6.7, 7.0, 8.2, and 8.9 u.

Aual. Caled for CraHENOLS (280.4):
145, Found: €, 58.2; H, 3.30; N, 14.5.

2,8-Bis<(limethylamino)phenothiazine 5,5-Dioxide {¥g)..—1 «
~olution of 1.3 g (0.0045 mole) of Ve in 20 ml of 98¢ formie acid
wils =lowly added 45 ml of mixed anhydride, prepared from 30 1l
of formie aeid and 15 ml of aeerie aeid as deseribed above.
Aftee being stivred overnighi a1 room tewperature, the reactiou
mixtire wis poured slowly into 700 ml of water.  The solid was
collected by filtratinm, washed with water, and dried in the air
o give 1.5 g of the diformamido internediate Vi, mp 845-348°
dee, Tt was extrentely insolible in merhanol and was reduced
witlont further purification tn 50l of tetrahydrofuran by addi-
tion, in severnl portions, of H50 ml o 1.4 horane in (he ssnie ~ -
vent,  Alier heigg Leated weler reflux for 1 e the reaction mix-
tare was worked up hie the siane nwoner s for the preceding
prodhiets to give 1.3 g (03400 of Vg, mp 361-364° dee.  Oune

O, 60,5, 11, 6.03: N,

¢, 58.2; 1, 5.23; N,

Vol &

recrystatlization frowe dinetloliornamande greve e analy tieadly
puare sample \\lll(ll nielted at 363-367° Alw. A
Se 77,008 315 mu fe 120001,

vl Cabed for (tslfu\ ARl I ,4».’ C, o L, daes: N
£5.20 Toundd s GO 1T 6. .\. N, J
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1,3-Diethyleneguanidines

Gurudaibd OrraaNy axn Haywoon Hooks

Ol Mathicson Clegical Corpoeation, Chendonls Dicesion,
Nea Hueea, Cosnecticut

Fecevivest Juwe 17, 16

As part of a program dealing with the chlorination of
isothioevanates,! we lhave =ynthesized  various 13-
dicthyleneguanidines. 1 new  elass of potent  inscet
chemosterilants,

3-Dicthylencguanidines (I, » = 1) as well az bis-
(1,3-diethylencguanidines) (1. n = 2) were synthesizetl
from izocyvaunde dichtorides (IT) and 1,2-alkylenimines
(aziridines) in the presence of triethylamine as hydrogen

chlovide  =eavenger? The  reaction  proceeded  par-
17 CH,--CHRS
o " Dy igie N
i Nel 4 2u N —
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r CHE T
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| ClL
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fieulady <moothiy in the aromatic series aned afiorded
compounds T in high purity,  The infrared abzorption
speetyn ol T show as dominant features a very strong
>(-=N-- ubsorption at approxiwately 1635 emh
and a strong unassigned absorption wt 1330--1340 em '

The tzoevanide dichlorides employed in the above
reetions were synthesized in the ease of the aronwtic
representatives by chlorination of the corresponding
1xothiocyanates! or by reaction of the f(nm 111111(1(‘\ with
thionyl chlozide and sulfuryl ehloride.®  Alkylene his-
(isocyanide dichlorides), which to our knowledge have
not been previously reported,® were obtained by ehlori-
nation of the dilkocyanates with phosphorus pentachlo-
ride in phosphorus oxychloride.  Thiz method,® first
desceribed for the preparation of alkyl tsocyanide di-
chlorides, gave A)nlv unzeparnble mixtures of chlorina-

(10 G, Ot weed 11 Tlooks, J. Ory. Chen., 81, 838 (19661,

(2) Reactious of isvevwide Jieldorides witle prinary, sceowlry, ol
aroruatie arndnes lave been reporeed 1o some exteot:
I, Bee,, T, 1228 (187455 (L) G. M. Dysotcued T
0L 10 red T INable, Awgrel e, T4,

Aetlram abplecGe or

O3 Oy mi- and cepbeoylene Gisdsoeyanole olieblocide) are descetbed fa

e coceusboodiog gearwatn: secies.™
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TaBLE 1

Bis(I8OCYANIDE DICHLORIDES)
R(—N=CCl),

463

Ap, Bp., °C Yietd, ————Caled, */\———— Found, ¥,
Cotltpd Jts 7 °C (mm) np (°C) % C H Cl N C 11 Cl N
Ma  1-4-(C 1l 2 T4-576 (0.03) 150804 124.5) a6 2881 3.22 56.77 11,23 28 Y0 3.80 5720
1IL 1--6-(CHule 2 118-120 {0.73) 1.5020 126) )] 34054 185 51,00 10.07 34053 .62 51,50 (B
I1e 1--4-Cslyo 2 B84y 108 10.05) 17 S48 365 S1012 10015 .50 3,80 52.00 1015
@NCO 1 45 (0.45) 1.5076 126) 21 342,10 12.6% 51.80 12.¢2
CH;
I1d e 2 50-51% 70 33.92 1.38 55.70 879 34,08 2.00 55.20 8. .47
- i
e Y
@ Recrystallized from pentane.
TapLe 11
1,3-DIALKYLENEGU ANIDINES
CHIUN\ 7
. N
n —N=( \
N
Cll, o
2 13
4. of nonviable
Lousefly eggs
Mp, Yield, Calel, 4 — Fouud, %4 Concn of eomnpd
Cotnpd R R’ n °C o C H Cl N C H Cl N 0.5% 0. 1%
Ia 4-ClCeH4 H 1 45-46 58 59.59 5.50 16.00 18.90 59.60 5.89 16.60 18.50 51
IL 2-FCeHs H 1 92-95¢ 48 64.37 5.89 20.47 65.10 5.45 20.33 .
Ie 3-NO:CsH¢ I 1 8384 43 56.89 5.21 24,145 56.85 5.00 23.88 61 S
L1 I—4-CeHs )3l 2 124125 62 64.83 6.80 28.36 64.72 7¥.23 28.50 100 RR)
Te 1-4-CeHs Clls 2 Semisolid 53 4
(*Hy
f - ) I 2 84-85 52 59.20 6.14 10.29 24037 59.30  6.20 10.60 23.98 8 R
>N
Cl
Ig 1,6-1(CHu)els JES 2 220°¢ 23 63.12 9.27 27.60 62.91 9.66 26,91 S
98"

@ Boiling point (0.05 mm); n%p 1.5662.
1964 ).

The melting point of Ie, which we have observed, is 7° higher than that recorded in the patent.

» Compounds Ic and Id have recently been described, see British Patent 978,089 (Dec 16,

¢ There are some observations

suggesting that this melting point is not that of compound Ig but of a polymerization product thereof, since Ig is particularly sensitive to

temperature increases. ¢ Apholate®.
tion products and no appreciable amount of the desired
compounds if applied as such. Pure alkylene bis(iso-
eyanide dichlorides) were eventually obtained by a
substantial increase of the suggested ratio of PCl;
to isocyanate and by chlorination at elevated tempera-
tures. Several new bis(isocyanide dichlorides) are
compiled in Table I.

1,3-Diethyleneguanidines and particularly the bis-
(1,3-diethyleneguanidines) (I, n = 2) having four
aziridine moieties per molecule are powerful chemo-
sterilants for the control of a broad spectrum of insect
populations* (Table II). Compounds Ie and If are
comparable in their biological activity with 2,244 -
6,6-hexakis(1-aziridinyl)cyclotriphosphaza-1,3,5-triene
(Apholate®).?

Experimental Section®

The solid 1,3-diethylenegnanidines were purified by reerystal-
lization from a lew-boiling hydrocarbon, preferably pentane or
liexane. The use of a higher boiling solvent is not suggested,
since some of the compounds listed in Table II are not particu-
larly stable and polymerize or decompose at elevated tempera-

(4) The biological tests were done by Dr. S. Ristich, Pesticides Research
Group, Olin Mathieson Chemical Corp.

(5) R. Rétz and C. Grundmann, U. S. Patent 2,858,306 (Oect 28, 1958):
R. Ritz, E. Kober, C. Grundmann, and G. Ottmann, Inorg. Chem., 8, 757
(1964).

(6) Melting points and boiling points are not corrected. Mlelting points
were taken on a modified Thiele apparatus.

tures. The lignid 2-(o-fluorophenyl)-1,3-diethyleneguanidine
was purified by distillation; however, caution should be exer-
cised, for violent decompositions have been experienced on oc-
casiou. Phenylene-1,4-bis(1,3-dipropyvlenegnanidine) failed to
crystallize; it could not be purified by distillation owing to its
instability at higher temperatures.

5-Chlorotolylene-2,4-bis(1,3-diethyleneguanidine ) (If) (General
Procedure for the Preparation of 1,3-Dialkyleneguanidines).—
A solution of 12.5 g of s-chlorotolylene 2,4-bis(isocyanide di-
chloride) 1 300 ml of dry toluene was added dropwise to a stirred
solution of 7.5 g of ethylenimine and 17.3 g of triethylamine in
75 ml of toluene. The exothermic reaction was controlled at 15°
by means of a wet ice bath and the rate of addition. After com-
plete addition, the reaction mixture was agitated for 1 to 2 hr
at room teniperature, and then filtered from triethvlamine hyvdro-
chloride. The solvent was evaporated, aud the remaining heavy
svrup was recrystallized from hexane affording pure If.

5-Chlorotolylene 2,4-Bis(isocyanide dichloride) (IId).—Tol-
uene 2,4-diisothlocyanate (86 g) dissolved i1 80 ml of chloroform
wuas chilorinated by passing 170 g of chlorine over a period of 23 hr
into this solution. During the first 7 hr, the reaction tempera-
ture was maintained at 15-20°, and during the next 16 hr at
30-60°. Then, solvent, SCl;, aud HCI were removed {n zacuo,
and the liquid residue (140 g) was dissolved iu 100 ml of pentaie.
After standing overnight at —20°, 92 g (707) of crude 5-chloro-
tolylene 2,4-bis(isocyanide diclitoride} was removed by suetion
filtration and recrystallized from 201 ml of pentune affording 70
g of the pure compound. Additional produet can he obtained
by partial concentration of the mother liquor.

Hexamethylene 1,6-Bis(isocyanide dichloride) (IIb) (General
Procedure for the Preparation of Alkylene Bis(isocyanide di-
chloride)—To a stirred mixture of 225 g of PCls in 165 ml of
POCl; was added dropwise 50 g of hexametlivlene 1,6-diiso-
cvauate over a I-lir period without external ¢ooling.  The tem-
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peratare of the rewetion mixture lereased from 24 (o 2097,
After standing at reom temperatuve for 2 hr, the mixture wus
heated to refinx for 1 i, then cooled and filtered.  The fltrate
was distilled in racuo over a 15-em glass-bead-packed cohimm to
provide 40 g (607 vield) of pure hexamethylene 1,6-bislisoeyan-
ide dichloride).

X-Ray Media. II.
Alkanoylbis(isophthalamic Acids) as

Syuthesis of

X-Ray Contrast Agents!

G. Brooxe Hory, Roserr L), Rasos, Prine E. Wieeerr,
DorarLas W, Crapman, Rosent L. Zev, axp
GeorGge B, DeLaMaren

Researech Laboratorivs, Medicinnd Division,
Mdlinckeodl Chewienl Works, St Lowds, Missouri

Beceived Mueek 1), 1066

We recently reported! that certain triiodoisophthala-
mic actds (1) had been found potentially useful as
X-ray diagnostic agents by virtue of the low toxicity
and high water solubility of thetr sodiuny and N-methyl-

COH
I i
Ri
R.CONH con”
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1

glucamine =alts.  Subsequent. extensive clinical ex-
perience has shown 1 (R, = H; Ry = Ry = CHy;
iothalamie acid) to be a safe and effective diagnostic
agent in the visualization of the kidney, heart, and
cerebrovascular systen.?

We now wish to describe the synthesis of further
compounds of thix type wherein our efforts have been
direeted toward the development of useful intravenous
cholangiographic agents for visualization of the gall
bladder.  5-Amino-2,4,6-triiodo-N-alkylisophthalamie
avids (2) have been condensed with acid chlorides (3)
to give alkanoylbis(isophthalamic acids) (4) (Scheme
1. Salts of 4 have been found to possess generally
low toxicity and high water solubility.

The compounds and their properties are stnnmarized
in Table I. The toxicities and solubilities of the lower
members of the series compare favorably with those
reported carlier for the S-ueylamino analogs.

A toxicologie study? of the scebacoyl analog 4a
(Ry = H; Ry, = CHy; Z = (CHy)s) as the N-methyl-
gluemine salt (759 solution) gave the results shown
in Table IT.

When tested in the eat,® several of these compounds
showed promise as cholangiographic agents.  Sub-
sequent  olinical mvestigations on the sebacoyl ana-

cle dag Papee e this serees: G 13 Hoey, R 1D, Ralds, G DeLallater,
DLW Cliapmaa, awl P Wiegeet, J. Med. Chem., 8, 24 (1U63). (b) See
. Bl lloey, Cawadiat Patent 720,826 119651, for a portion of tive work de-
sarihad lereine.

21 ta) 1. R, Marshall and J. T. Ling, Sruthern Med. J., 56, 1424 (1963);
(b1 J. W, Linkart, R. E. Whalen, al«] H. D. Mlatosle, ibid., 58, 793 (1965);
ter AL Baall, Jr., G C Morris, Jr., H. E. Garrett, W. 8, Henly, G. L.
1alllwaw, . Crawford, D. A. Cooley, aud M. E. DeBakey, Arch. Internal
Med., 60, 843 (1964), and references therein,

30 DL Baeder, T WL T, ML Ber, arol WL Rattee, Frdveat o frrae,
32, 182 lve),

vl O Hloppe wond S0 Nrveer, Ao Ao Roedgeonl. [ad e Toy0 py Nl
Moed. 689, Gl L 19505),
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4a,R.H: R, =CH. Z~1CH,.

b. Ry H: R~ CHoZ- (CHL

logda Ry = H: Ry = CHy; Z = (CHy)y) showed it
to be substantially free of side cffects and to opacify
the gall bladder and biliary ducts in a high percentage
of cases.®  Unexpectedly, this compound also showed
a high degrec of kidney excretion.*  The adipovl
analog 4b (R, = H: R, = CH;; Z = (CHy),) has also
heen found to be nontoxic and excreted via the kid-
neys.”  The synthesis and biological testing of addi-
ttonal compounds of this genersd type will be reported
at alater date.

Experimental Section®

The following procedure illustrates the general method of

synthesis employed. Analyses and vields are given in Table 1.

5,5'-Adipoyldiiminobis(2,4,6-trilodo-N-methylisophthalamic
acid) (4, R; = H; R. = CH;; Z = (CH.)).~-3-Amino-2,4,6-
trilodo-N-methylisophthalamic aeid (228 g, 0.4 mole) was heated
and stirred in dimethylacetamide (400 ml).  When the tempera-
fure reached 95°, adipoyt chloride (55.0 g, 0.30 mole} was added.
half at once, followed by the remainder over a period of 15 min.
When addition wax complete, the solution was stirred at abom
05° for another 15 min, then poured into 2 L of hot water.  As
the mixture cooled ta room temperature, a gum separated. The
uother Hauor was disearded and the gum was dissolved in 2 L
of water with sufficient =olid NaOH added to complete solutios.
This solution was acidified with HCI and acetic aeid to ca. pH 5.
freated with decolorizing chareoal, and filtered.  The filtrate was
then strongly aecidified with HCi, and the resuhing amorphons
graralar solid was filtered, digexted 0.5 I with 0.5 1. of lot
ethanol, filtered, wushed with ethanol, and dried at 110°. The
vield of erude 5.5 -udipovidiiminobiz(2,4,6-triioda-N-methyliso-
phthalmic acid) (5) was 183 g.

Tlie aecld obtained was veprecipitated twice agahe froun its
sodinm salt solution. Thix zolid was dissolved in hot dimetliyl-
formamide (400 ml), and 1.5 1. of water was ndded slowly.  After
digestion, filtration, and cooling, n ervstalline produet was ob-
tained which, after drying at 110°, weighed 126 g. "T'his solid
was dissolved hic 1 L oof 104 agqueous NaOH solntion, acidified
(pH 5), and filtered into a hat stirred solntion of 1:3 concentrated
HCl-warer (100 ml:. The mixtare was chilled and the =olid wax

(5) T, R, Malslal awd J. T, Lilgs, a0, 90, 854 (1963),

(6) Private comravaicatious from L2 R. Jolly arel F. 1 Hallett, Resouacel
#lel Development Depactment, Medicilial Divisiow, Mallinckrodt Cleodesd
Works.

¢5) S0 Hidal, VIIe Syaposica Nesroladiologicum, New York, N Y.
Sept 1904,

{8} All melelng poiuts are corrected and were Jeterntined in a capillary
tube in a Thomas-Hoover or similar melting point apparatus. Neatral
equivalents were determined by potentiometric titration; lodine analyses
and spectral determinations were carried out by Dr. Perry King and stafl
of the Analytical Development Group. Solubility measurements were doae
as deseribed previously.! Tlhe acute toxicity studies were carried out either
te one owte laboratories ue ac Flazleton Laboratories, Falls (‘bucels, Va, We
1k Ttes David 11 Baelee for aakiog biologieal Jdaca available 1o ws. Tle
tfracwd speetra of all corapianls peepared were cowpatible witle postdiceaed

SO Ores,



