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prrature of the reartibn mixtiure jucreased from 24 (o 20°,
After standing at roam temperaturve for 2 hr, the mixtine was
heatinl to refinx for 1 hr, then enolell awl filtered.  The filtate
was distilteil /n pacwo over a 15-rin glass-bead-parkel rolinm to
provide 49 g (607 viehl) of pure hexamethylene 1.6-bislisocyan-
idealichlorile).

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

Synthesis of

X-Ray Contrast Agents!

Ce. Bronge Hoey, Roeerr 1. Raxos, Pamae B Wircekr,
Dacaras W, Crarman, BoBert L. ZEY, AND
Grorcee B, DELAM sl

Rescarch Laboralocies, Medacinal Division,
Mallinckrodi Chemdeal Works, St Lowrs, Missanei

Recerveld Macekh 17, 11656

We recently reported! that certain triiodoisoplithala-
mic arids (1) had been fouud potentially useful as
X-ray diaguostic agents by virtue of the low toxicity
and high water solubility of their sodium aud N-methyl-
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glucaminie salts.  Subscquent. extensive clinical ex-
periezie has shown 1 (R, = H: R. = Ry = CHg;
iothalaniie acid) to be a safe and effective diaguostic
agent i the visualization of the kidney, heart, and
rerebrovascular system.?

We now wish to deseribe the synthesis of further
rompounds of this type whereinn our efforts have beeu
direeted toward the developnient of useful intravenous
vholangiographic agents for visualization of the gall
bladver. 5-Amino-2.4,6-trilodo-N-alkylisophthalami:
acids (2) have been condensed with acid chlorides (3)
to give alkanoylbis(isophthalamic acids) (4) (Scheme
1), Salts of 4 lhiave been found to possess generally
low toxieity and high water solubility.

Tlie contpounds and their properties are sunnarized.
ac Table I The toxicities and solubilities of the lower
wemnbers of the serics compare favorably with those
reported earlier for the H-avylunino analogs.

A toxicologie study?® of the sebacoyl aualog 4a
(R = H; R: = CHy; Z = (CHy)s) as the N-methyl-
gluciuine salt (759 solutivu) gave the results shown
in Table I1.

When tested in the cat,® several of these conmpounds
shwwed  promise as cholangiographic agents.  Sub-
serpuent elinical vestigations on the sebacoyl ana-

reiay Paper Tin tlis series: G, 14 Hoey, R. D, Rands, G DeLullater,
Do WL Clannan, and P E. Wieger(, J. MHel. Chem., 6, 24 (1963). (b) See
L L Ueey, Canadian Patent 720,826 (14651, for a portion of tie work de-
seribod Geren.

¢ «a) TR, Marshall and 1. T. Ling, Southeric Med. J., 56, 1424 (1963);
¢y I W, Linhart, R. E. Whalen, and H. D. MeIutosh, 7bid., 58, 793 (1965):
iep A Cu Beall, e, G C Morris, Jr., H 12 Garrett, W. &, Henly, G. L.
Hallinau, 15 8. Crawford, D. A. Cooley, und M. E. DeBakey, Arch. Internal
Mud., 60, 843 (1964), and references therein,

30 DL Paeder, TOWL Tusirge, M. Berg aod W Rater, Federatiing Fow,
32, 182 (U638,

0L Qoppe et S0 Nreber, CUne o Boentgennd fead tem Pherapy Nl
Jeadl, 89, 5D ).
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log4a (k) = H: Ry = CHy: Z = (CHy)ys) showael it
tn be substanutially free of side effects aud to opacify
the gall bladder and biliary ducts in a high percentage
of cases.®  Unexpectedly, this compound also showel
a high degree of kidney excretion*  'The adipovl
analog 4b (R, = H: Ry, = CH;; Z = (("Hy)s) has also
beenr found to be nontoxiv and excreted via the kid-
neys.”  The synthesis and biological testing of addi-
tional compounds of this general type will be reportinl
at a later date.

Experimental Section®

The following procedure illusirates the genersl methnd of

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

5,5’-Adipoyldiiminobis(2,4,6-triiodo-N-methylisophthalamic
acid) (4, R; = H; R. = CH;; Z = (CH.),).-—5-Amino-2,4,6-
trilodn-N-methylisophthalumic acid (22¥ ¢, 0.4 nle) was heated
nud stirred in dimethylacetamide (400 ml).  When the tempera-
ture reached 95°, adipoyvl vhloride (55.0 g, 0.31) mole) was added,
half at once, followed by the remainder over a period of 15 min.
When addition was vomplete, the salution was stirred at abom
03° for annther 15 min, then poured into 2 1 of hot water,  As
the mixture roaled ta room temperature, a gnm sepurated.  The
mother liquar was disenrded and the gum was dissobved i 2 1
of water with sufficient =olid NaOH ailded to camplets solution.
This solution was avidified with HCI and acetiv avid ta ce. pH 3.
{reated with decolorizing charcoal, and filtered.  The filtrate was
then =trongly avidified with HC1, sl the resuling amvrphans
grannlar solil was filered, digesieit 0.5 hr with 0.5 1. of hot
ethanol, filtereil, washeil with ethanol, aminl dried at 110°. The
vield of ernde 5.5'-adipovidiiminnbis( 2 4,6-triiodo-N-methyliso-
phthalmic acid) (5) was 183 2.

The acid obtaineil was reprecipitated twice again from iis
sodinm salt sulution. This salid was ilissvulved in hot limmethyl-
formamide (400 ml), and 1.5 1. of water was ndded slowly. After
tligestion, filtration, and rupling, o cry=stalline prodnrt was vb-
tained which, after drving at 110°, weighed 126 g. This solil
was dissolved in 1 L of 105¢ agueons NaOH splutivn, acidifiell
{pIl 5), and filtered inta 1 hat stirreil solntion of 1:3 romentrated
HCl-warer (100 pili. The mixtwre was chilled and the =olid was

(3) F. Ro Marslati and J. F. Ling, 1600, 90, 854 (1963).

(6) Private commanieations from L. R. Joly and . P, Hatlett, Resparel
and Development Department, Madicinal Division, Maltinekrodt Cliende:?
Works.

«7) 3. Hilal, VIIh Syinposicn Nearoradiologican, New York, N. Y.
Sept 19064.

¢8) All melting points are corrected and were determined in a capillary
tube in a Thomas-Hoover or similar melting point apparatus. Neatral
equivalents were determined 1y potentiometri¢ titration: iodine analyses
and spectral determinations were carried out by Dr. Perry King and stafl
of the Analytical Development Group. Solubility measurements were done
as described previodsly.! The acate toxicity studies were carried out elther
a9l own laboratories or at Hazleton Laboratories, Fatls Churel, Va. e
Thaok e David 11 Baeder for omking Liological dara available to us. Tle
wfrared spretra of all compoands prepared were compatible with poscalatel

~lenetres,
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TasLe I
Bis{(1s0PHTHALAMIC ACIDS)
CO,H CO,H
I I I I
RI\ /RI
/NCO NHCOZCONH CON\
R, I R.

Tine, Temp, Yield, Mp.® Neut equiv Todine, Yo L1g,” Sola-
R R Z hir °C % °C Caled Foond Calell Found g/kg iv bility®
H H (CH.)s 1.75 93 R4 290-291 613 606 62.1 60.3 12.2 o3
H H (CH,)s 0.75 120 36e 268 641 635 59.4 58.1 . >084
H CH, (CH.)s 0.5 95 45¢ 302 627 619" 60.7 60.27  14-17.5 51, 65*
H CH; (CHa)s 0.5 90~-105 344 278-280 641 631 59.4 579 19.5 C
H CH; (CHu)s 0.5 120 H4¢ 279-279.5 655 652 58.2 59.7 13.1 47
H CH; (CH.)we 0.5 120 BEL 288 661 666 56.9 55.8 4.8 56)
H CH; p-CsH, 2.0 118 174 316-320 637 649 9.8 o8 . 6 10.3 L
H n-C.H- (CH,)s 2.0 128 60° 286.5 661 671 56.9 55.7 8.4 >3
H n-CsHs (CHa)s 0.5 D0-105 35¢ 286-286.5 683 682 55.7 54.6 3.5
H n-CqHjg (CH,)s . 100 26¢ 269.5-271 6497 708 54.7 53.7 2.3
H CH; (CHa)s’ 7 85 16 278.5-279.5 54.6 4.3
H CH; (CHa)io' 7.5 85 23 255.5-257 53.6 33.5

“ All compounds melted with decomposition.
acetamide as solvent. ¢ Dimethylformamide as solvent.
' Di-N-methylglicamiue salt.

TasLe II

ToX1cOLOGIC STUDY OF 4a

Aninal LDso, gk iv
Mice 13.1
lat 6.6
Dog 10.0
Intracerebhral LDs, mng. kg
Mice 1120

collected, washed with water, and dried at 110°, yield 114 g, mp
302° dec.

5-Nitro-N-propylisophthalamic Acid.—n-Propylamine (100 g,
1.70 mvles) was added to a solution of methyl hydrogen 5-
nitroisophthalate (153 g, 0.68 mole) in 0.7 1. of methanol. The
container was tightly closed and the reaction mixture was put
axide for 4 day=. At the end of this time the solvent was evapo-
rated and the remaining oil was dissolved in 1.5 1. of dilute NaOH
solution. The solntion was adjusted to pH 5-6 and slowly added
to 80 ml of concentrated HCI in 400 ml of water. The solid was
collected and twice reprecipitated by acidifying a solntion of the
sodinm salt. This solid was recrystallized from 0.5 1. of 509,
ethanol, washed with water, and dried at 110°; the yield was
098 g (57.5%), mp 181.1-184.1°.

Anal. Caled for CnH]gNgOaZ
neut equiv, 247,

5-Amino-N-propylisophthalamic Acid.—An alecoholic solution
af 3-nitro-N-propylisophthalamic acid (80 g, 0.32 mole) was
hydrogenated at 2.8 kg/em? in the presence of 5% Pd-C catalyst.
After removal of the catalyst and evaporation of the solvent, the
residue was dissolved in dilute NaOH solution and reprecipitated
by addition of dilute HCL. This solid was collected, washed with
water, and dried at 70°; the yvield was 42 g (59¢%), mp 194.7-
195.7°.

5-Amino-2,4,6-triiodo-N-propylisophthalamic Acid (2, R, =
C;H:;; R: = H)—Iodine monochloride (160.5 g of 95¢; ICl in
160 ml of concentrated HCl) was slowly added to a stirred
mixture vf H-amino-N-propylisophthalamic acid (42 g, 0.19
mole) and 45 ml of concentrated HCI in 400 ml of water. Suffi-
cient water was added to bring the volume to 1.3 1., and the
niixture was stirred and heated ou a steam hath for 20 hr. The
reartion mixture was cooled and the solid was collected and dis-
=alverl in 1.5 1. of 497 NaOH =olntion. The pH wax aljusted to
5 with acetic acid and the solution was treated with decolorizing
charvoal and filtered into hot stirred dilute HCL.  Upon cooling,
the resnlting crystals were collected, washed with water, and
ried at 70°. The viell was 100 g (052), mp 242-243° dec.

Anal. Caled for C,HnLN:O;: neut equiv, 600. Fouud:
neut einiv, 594.

nent equiv, 252, Found:

® In mice. ¢ As the disodium salt in water, g/100 ml of sulntion at 25°,
7 After correctivn for 1.2¢; water.
i Dipropyl ester, see Experimental Section.

¢ Dimethyl-
9 After correction for 3.5%; water.

N-n-Butyl-5-nitroisophthalamic Acid.—A solution of methyl
hydrogen 3-nitroisophthalate (225 g, 1 mole) and n-butylamine
(250 ml) in 1 1. of absolute methanol was heated under reflux
for 16 hr. The svlvent was evaporated, leaving an oil, which
was dissolved in dilute aqueous NaOH. The product was precipi-
tuted by the addition of excess HCl and this treatment was
repeated twice more with little improvement in quality. Finally,
the prodict was dissolved in 1 1. of hot acetone and filtered, and
an equal volume of water was added. The =olvents were slowly
evaporated and, when the concentrated =olntion was cooled,
asolid separated. The crystals were collected, washed with water,
and dried at 110°. The vield was 103 g (39%¢).

Anal.  Caled for C.Hi:N;Os: neut eqniv,
neut equiv, 268.

A second preparation yielded a prodiuict of neut equiv 263, mp
174.2-175.2°,

5-Amino-N-n-butylisophthalamic Acid.—A solntion uf N-n-
butyl-3-nitroisophthalamic acid (103 g, 0.39 mnle) in ethanal
(400 ml) wax hydrogenated at 2.8 kg/em? in the presence nf 59
Pd-C catalyst. The catalyst was removed by filtration and the
svlvent by evaporation to yield 86 g (945;) of prodict, mp 19h.2-
199.7°.

5-Amino-N-n-butyl-2,4,6-triiodoisophthalamic Acid (2, R, =
n=-C:Hy; R, = H)—A solution of iodine monochloride (205 g
of 95% ICl in 205 ml of concentrated HCl) was added slowly tv n
stirred slurry of 5-amiuno-N-butylisbphthalamic acid (86 g, 1).86
mole), water (800 ml), and concentrated HCl (89 ml). The
mixture was diluted t1 27 1. and stirred and heated on a steam bath
for 20 hr. The reaction mixture was chilled and the separated
solid was collected and washed with water. It was then dissolved
in 1.3 1. of dilute NaOH =olution and the pH was adjusted to 5
with acetic acid. This solution was treated with NaHSOs;, then
decolorizing charcoal, and filtered into a hot, stirred 1:5 HCI
solution (240 ml). After cooling, the separated solid was col-
lected. This treatment was repeated, vielding 192 g (86%%) uf
material, mp 247-249° dec.

Anal. Caled for CiaH3I3N:Os:
neut equiv, 606.

Dipropyl 5,5'-Sebacoyldiiminobis(2,4,6-triiodo-N-methyliso-
phthalamate ) —A solution of 328 g (0.25 niole) of 4a in 20 g of
NaOH in HsO-ethanol (0.6:1.2 1.) and 105 ml vf n-propyl iodide
was heated at reflux with stirring for 7 hr. The precipitated
Nal was removed by filtration and washed with ethanol. The
filtrate and washings were diluted with 3 1. of 11,0, and the result-
ing slurry was stirred for 1 hr with suthicient NaOH added to
maintain alkalinity. After filtration the solid was dissolved in
2.5 1. of hot dimethylformamide (DMF), filtered, diluted with 5
. of 110, and cooleil. Thix =olid, after filtration, wax dixsalvell
2 1L of DMF and diluted with 7 L. of HyO at 50°. Thix snlil
after filtration was digested with 3 1. of anhyilrous ethanol for 2

266. Fuouud:

neut equiv, 614. Found:
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heo Atter hiltration, this <ahd was issolved i 1.3 1 of DMEF aud
ditnterll with 7 L of 1:6 AcOIT-H.0.  After filtration, 1ligestion
with 2 1. of ethanol, and filtration, 1he <ohd wax dried at 110°,
viehl 111 g (167;) of the exter.

Dipropy! 5,5'-Dodecanedioyldiiminobis(2,4,6-triiodo-N-methyl-
isophthalamate).--- A sohuition of 2085 ¢ (0.223 mole) of 4 (R, =
My Re = CHyy 2 = (CHa)n) and 17,9 g of NaOH in EtOH-
RO (L2006 L) containing 100 ml of se-prapyt bramide and 25
e oof Nal was refluxed with stivving for 7.5 hee The ester was
i=obnted ns deseribed in the prereding experinieat; vield 74 ¢
(2300

Acknowledgment.—--"I'lic  authors wish  to  thauk
Messe=. Elner Eberhardt, William Blade, Miss Isvelyn
Lare, wnl Myrs. Julie Macksey for their technival
assistaden,

1-» -, and pr-Ephedrine Phosphates

AL Larizzy, Go BRaNzayecto, aNp AL SEUGRE
Leescarch Depactiment, Farmochindea Critolo-Calost, Napoli, Haly

Reccived June 11, 1066

As o opart of our program of syuthesis of therapeu-
tieally vr physiologically active compounds,? we have
prepared n- (IVa), v- (IVb), and pr-ephedrine phos-
phates (IVe) starting from - (Ia), n- (Ib), and
pL-cphedriies (Ie).

Tl reartion of L-vphedrine (Ia) with phosphorus
oxyvrlidoride gave 1-2-chiloro-3.4-dimethyl-5-phenyl-1,3,-

2-oxazophiospholidiie  2-oxide?  (ITa).  Hydrolysis of
= O.p.NCH,
/™
Cl O
1

I yvielded s-eplicdrine plosphate (1Va) hydrochloride
(ITIa) the structure of which was voufirined by eata-
Iytic  hydrogenation! to n-N,«-dinethylpheuecthyl-
aunine.  L-Lphedrine was obtained from the corre-
spotwding phosphate by hydrolysis; this indicates that,
i the course of the reactions In — IVa the original
configuration was retainel,  Physical and  chemical
data of the compounds syuthesizail are reported in
Table T

Experimental Section”

1.-2~-Chloro-3,4-dimethyl-1,3,2-0xazaphospholidine 2-Oxide
iHa)—Under protertion from moisture, freshly distilled 1-
epllvine (16.5 g, 0.1 mole) was dissalved in triethylamine (30 ml,
1.21 mole) and in 300 ml of anhydrons benzene.  With vigorons
<tirring, POCL (10 ml) previously dissalved in 50 ml of anhydrus
benzene was added dropwise at sneh a speed that the tempera-
e of the renrtion mixture remained below 30°.  After stirring
{or 45 hir, the venction mixture was filtered and the solveut was

1AL Segee and AL Lavizza, Guzz, Chim. Ttal., 8T, 519 (1957).

2) 15, Cutolo and A, Larizza, 1hid., 91, 9134 (1961).

43 TFor a sunilar reaction see: T, Bersin, H. G. Moldunaun, 1. Naliger,
6. Marehand, wnd W, Leopold, Z. Physiel. Chem., 269, 241 (1941): Kh.
Fel'duen and AL L Berlin, Zh. Obshch. Khim., 32, 3379 (1962): Chem. dbstr.,
58, 125063g (1963).

1) In hydrochloride wus anaffected aniler the same reaction conditions.

1) Infrared absorption spectra were obtained on a Perkin-FElmer Infra-
cord Model 137 spectropliotometer and ultraviolet absorption spectra on a
Deckian DIK-2 spectropliotometer.  Melting poin(s were determined on a
Kofter block.  Optical rotabions swere 1neastred on o Zeiss 0.01° Kreispolaris
meler, We wrlr indebted to Miss A, De Leonibas, for microanalysis, wnd io
Miss AL L. Reviglio for absorption speetri, chromatograins, aid enzyiau e
leyelrolysis,
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removial noder redneell pressie. The dey esidoe was e
peatediy extaewd wich botling petroleinm cther “hp 60507
and the camhined exteaets tabont 600 by were cooled o the
freezer Tnr 24l "The precipitatetl white crvsiatline nrodnet
.0 g melted ar 9001 and was stable only he o diy tien
atnosphere.

L=~ 1-(Methylamino jethyl|benzy! Phosphate Hydrochlorids
i.-Ephedrine Phosphate Hydrochloride, IIla). - 11a (20 ot wis
<uspended in 1o mb of 1A HCHmnl heated on o water hath (in
Fhee The veaetion mixonve heeame elear alter this o ad was
drcolovized with g of chaveonl. The <ohnion was evaparae i
mdrr vedueed pressive at 10-457 chath mrperarey. Phe
residine was =n=puicled Suoacetone, filteentl, and vecevstathizedl
front ethanol ether, The white crvsial< (0700 @ mebted ot 17
e,

L-ae~; 1~ Methylamino jethyl{benzyl Phosphate i1-Lphedrine
Phosphate, IVas. A, -To a =olution of TTLa (56 gy in 200 ml oy
distithsd water, Amberlite TRA-410 ¢O1E formn was addedb g
the upermatane was pit 40 The suspension was decanted ant
the resin wax vepratedly washed  with alistiled wacers Fhe
=upernittant dod the washings were evaporated undin vednee |
prossure to devness and from the resichie, after washig with
shsohite ethavol avd viher, 412 ¢ of white trvstals were obtained
mp 2422447,

B. ~Diethvlimine 1.5 gi dissolved o 1 ml o ethanol was
added 1o a =olution of 11Ia ¢35 ¢ v 30 mb of ethanol,  After
12 hie al raom temperatire the precipitatel crystals were filters,
wished with ethanol aud ether, and dvied: viehl 4.2 o, mp 242
2437,

=N, x-Dimethylphenethylamine by Catalytic Hydrogenation
of Mla. -I1Ta /2.5 ¢) in 40 mt of ethanol was hyvibrogenated ai
atmospherit pressire and room temperatire (2251 in the pres-
rner of .28 @ of 397 Pd-C 0 After the uptake of the theoretieal
amonnt of hydvogre e 2 1oy, the hvdrogenation was -
rupivd and the mixowe was fileered. Tloe 2ohition was evapo-
rated mnder redueett pressire and  the yesidiie was lissobvid
in 30 mlofwane, The cold agneons <ohition made atkahoe wich
23000 NaOT solntion was exoeaeted wich three 30-mt portioms of
other, The esidae. aftth evaporation of the <olvent, istithed
M 9050 IS nan g vield t2 gisd

The hydrochtoride hiel mup 1GS1T0% Thes (727 sod o]0
+17.2% (e 33 thay Jhe 1720 (e 205, TRO L

The pierate had mp B2 TS 007 14570

Stability of .-Ephedrine Phosphate (IVa; in Aqueous Selution.

[Va was dissolved in water, and the pll was adjustel i fonr
ditterent =olntions to 2, 4, 5, and 6.5, respectively, the final
concentration of 1Va being alwny= 20 wy/v. The fanr <ohitions
this obtaimel, either by addition of Natytb or HCL were heansd
<eparately at HOO7 for 1o hee Controls by paper electraphoresis
every o <howed that L-ephebine appearal only o traces after
4 h.

Hydrolysis ol 1.-Ephedrine Phosphate Hydrochloride (IIla).
A sohutian of THa 05 g inowater (58 mil) was heatel e a <ealed
mbeat 120° for s hee After conling and nentralization, the wate
was evaparated ar vedieed s and the resilne nepeatially
wis extracied with pilnere The =olvent was vvapavaced from he
organie extracts and the vesidne wos distibied. The fraetion hoil-
g ae 232° 012 nomd was pephedvine (2.3 g), which was alis-
sobved 1L ahsohine ethanol 730 mby and mixed with normal
cthanolic HC 015 mbn The =oltion gave a precipitare
12.5 g3 of veephedrive adlvorhlovide upan additon of 44 mb ol
pther: mp 215-216°: Jaln —=3G.1°% (¢ 2, watvr..

Enzymatic Hydrolysis ol 1r-liphedrine Phosphate (IVa).
1Va (133 g was dizolvid i owater (5 ml) and acetane butier
PpHE A5 2 ol eontadning in o snzpension five powdered Takie-
Diastase® (Parke-Davisj tablets.  After 15 hr at 40° the suspen-
slon was centritnged, aud the snpernatant was analyzel hy thiu
laver chramatography.  An identival trentinent  was  carrind
out on a sinilar reaction miviurve, bt wichout IVa, The only
difterent xpat in thi first venetion mixtan: wis L-ephelvine.

Paper Electrophoresis.- -The paper nsed was Munktell 20
{ Paperworks, Gryvksbo, Swelen), the bulfer employed was
acetate pH 5.1, the jonie strength was 0.007, and the 1ime was
2 hy at 200 v, L-Fiphedvine phosphate migrated slowly towanl
the nnodes L-pphediine migrates faster townrd the rathode.

Thin Layer Chromatography. ~The adsorbent nsed wus
“ilien el 0 Lerek, Darmstadts, 2500w the solvents were A,

v 11 Crarde, Heie, € Sera 12, 1T 109207,
ST T Ot 0 M Sees Japan . 1AL (TUTEY
(a2

Chem. Ahate, 14, 710
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