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Similarly, various aryl-substituted N-aryl-N’-2-thiazolyl- TasLE 1
guanidines and their hydrochlorides were prepared (see Table II). PoLYIODO ANISIDINES
TasLg 1T Isomer Acetylated Mp, °C Yield,® % Formula¥
g N9 (4 — p Yes 271 80 CQH7I4NOQ
N-ArRYL-N'-2-(4 PHE;\INYLTHIAZOLYL)GUAI\IDINES e Yes 2582500 %8 CHLNO,
Py ) ma Yes 2660 75 CoHANO,
g~ NHC(=NH)NHR 0 Yes 278279 74 CoHANO,
Mp, HCl HCl [ NO 149—151 33f C7H514NO
No. R °C Formula® Mp, °C formula? 0° No 132-133 CyHINO*»
1 o0-MeCgH, 146 CizH; NS 193 CiH;;CiIN,S @ Crude yields based on acetoxymercuri precursor except where
2 m-MeCgHy 142 CpHNS 130-131 CnHuCINS noted. * Melts with decomposition.. ¢ Particular tyiiodo. isomer
3 p-MeCgH, 142 CiHEeN.S 187 CiyHi;CIN,S not determined. ? Acetoxymercuri precursor obtained in 53%
4 0-OMeCsH, 142 CpHN,08 185-186 CiHyCIN.OS vield, mp 224-233° dec (from AcOH-H;0). ¢ Acetoxymercuri
S m-OMeC.H: 143 C ’H NOS 179180 CoHeCINLOS precursor obtained in 83% yield, mp 238-240° dec (from AcOH-
2 m()\.[ eCGH i Cl/HlG‘A\TéO”‘ 183 CWHUCUA\T“OS H;0). / Yield based on N-acetyl precusor. ¢ All compounds
? p-O;]teC ;{ ¢ ﬁ% C‘TH‘Gj\I“O; 123 C”HUCI:\;OS were analyzed for I. * I: caled, 75.94; found, 76.28.
p- 6l14 o 181118.N ¢ b 180119 LNy
8 p-ClCGH4 147 C16H1301N4S 134—135 ClsH14C12N4S

@ See footnote a, Table 1.
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Iodinated aromatic compounds are useful diagnostic agents
because of their X-ray absorbtivity and their stability which mini-
mizes generation of iodide ion.! We have prepared some tri- and
tetralodoanisidine derivatives for use as intermediates in the syn-
thesis of potential radiopaque agents by treating potassium iodide
with polyacetoxymercuri-N-acetylanisidines.? These polyiodo
compounds are 70-80% in iodine, a level comparing favorably to
that in currently used radiodiagnostic agents.?

Experimental Section*

Acetoxymercuration of the N-Acetylanisidines.—A ground mix-
ture of 4.1 g (0.025 mole) N-acetyl-p-anisidine® and 32.0 g (0.100
mole) of Hg(OAc), was heated in an open glass vessel in a 115~
130° oil bath for 40 min. A shield was used. The resulting pink
viscous liguid was treated at 80° with 50 ml of H;0 to yield 0.9
g (3.0%) of a white powder, mp 250-260° dec (from AcOH-
H,0). On the basis of subsequent iodination reactions, the
product was tetraacetoxymercuri-N-acetyl-p-anisidine. Evapo-
ration of the filtrate to 10 ml gave 3.0 g of a second white powder,
mp 180-200° dec {from AcOH-H,0). On the basis of subse-
quent jodination reactions, the product was a triacetoxymercuri-
N-acetyl-p-anisidine.

It was possible to prepare the tetraacetoxymercuri derivative
in 839 yield (crude) by heating for 1 hr at 130° a molar ratio of
5:1 Hg(OAc),—N-acetyl-p-anisidine.

The tetraacetoxymercuri derivatives of N-acetyl-o- and -m-
anisidine were prepared similarly with the 5:1 molar ratio and the
more severe reaction conditions. Table I (footnotes d and ¢) give
properties.

Polyiodo-N-acetylanisidines.—Over a period of 45 min, a
solution of 0.91 g (0.0040 mole) of I and 1.72 g (0.012 mole) of
KI in 25 ml of H:O was added dropwise to a refluxing, stirred
suspension of 0.85 g (0.00071 mole) of tetraacetoxymercuri-N-

(1) V. H. Wallingford, J. Am. Pharm. Assoc., 42, 721 (1953).

(2) M. Ragno, Gazz. Chim. Ital., 70, 420 (1940); Chem. Abstr., 88, 3242
(1941).

(3) P. K. Knoefel in "“Drill's Pharmacology in Medicine,”” J. R. DiPalma,
Ed., 3rd ed, McGraw-Hill Book Co., Inc., New York, N. Y., 1965, p 1429.

(4) Where analyses are indicated only by symbols of elements, analytical
results obtained for those elements were within %0.4%, of theoretical values.
Analyses were performed by Micro Tech Laboratories, Skokie, I1l. Melting
points were taken in capillary tubes and are uncorrected,

(5) N. D. Cheronis and J. B. Entriken, “Semimicro Qualitative Organic
Analysis,”” Thomas Crowell Co., New York, N. Y., 1947, p 404.

acetyl-p-anisidine in 100 ml of H,O. Reaction was continued
for 30 min after addition. On cooling, the product precipitated.
It was filtered and washed with dilute KI solution and then H,O
to give 0.38 g (809%) of tetraiodo-N-acetyl-p-anisidine, mp 271°
dec (from 959% EtOH). Anal. (CoH;LNO,) I.

Tetraiodo-N-acetyl-0-anisidine, tetraiodo-N-acetyl-m-anisidine,
and a trilodo-N-acetyl-p-anisidine were prepared essentially
as above. See Table I.

Tetraiodo-o-anisidine and a Triiodo-o-anisidine.—To a solu-
tion of 4.0 g (0.0060 mole) of tetraiodo-N-acetyl-o-anisidine in
400 ml of 969, H.S04, 164 ml of H.O was added dropwise with
stirring and cooling to keep the temperature below 60°. After
addition, the solution was heated rapidly to 125° and at once was
cooled to room temperature when 1.32 g (35%) of tetraiodo-o-
anisidine separated. It was filtered on glass wool and washed
(dilute NaHCO;, H.0), mp 149-151° (from MeOH). Anal.
(CHLINO)Y L

The filtrate was poured onto crushed ice and 0.38 g of a tri-
iodo-0-anisidine separated, the structure of which was not de-
termined; mp 132-133° (from MeOH). Anal. (C;HI3NO) I:
caled, 75.94; found, 76.28.
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In continuation of our studies on reactions of N-halosulfon-
amides,? the reaction of N,N-dibromo-4-nitrobenzenesulfonamide
with cyclohexene was investigated; {rans-2-bromo-1-(4-nitro-
benzenesulfonamido)eyelohexane (I) was the major product.
Some compounds (I1I-V) having substituents other than bromine
were synthesized starting from I via N-(4-nitrobenzenesulfonyl)-
cyclohexenimine (II) and reduced catalytically to corresponding
sulfanilamide derivatives (VI-IX).

Experimental Section?

N,N-Dibromo-4-nitrobenzenesulfonamide.—4-Nitrobenzene-
sulfonamide (20.2 g) was dissolved in a solution of NaOH (8 g)
in H.0 (200 ml) and Br, (36 g) was added dropwise with stirring.
The crystals that separated were filtered off, washed with H,0,
and dried, mp 163-164° dec. The yield was 34 g (94.59,). A

(1) Part IX of a series entitled Reaction of N-Haloamide. Part VIII:
Chem. Pharm. Bull. (Tokyo), in press.

(2) Y. Ueno, S. Takemura, Y. Ando, and H. Terauchi, ibid., 15, 1198,
1322, 1328 (1967).

(3) All melting points were uncorrected and determined using a W. Buchi
melting point determination apparatus. Where analyses are indicated only
by symbols of the elements, analytical results obtained for those elements
were within £0.4% of the theoretical values.
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part of this substance was recrystallized from IEtOAe; the pure
orange crystals melted at 166° dec.  Anal. (CeHiBroN:S) C, H, N.
{rans-2-Bromo(4-nitrobenzenesulfonamido )cyclohexane (I).
N,N-Dibromo-4-nitrobenzeneswlfonamide (10 g) was added to a
mixture of eyclohexene (30 mi) and CClL (15 ml). A white pre-
cipitate appeared with slight evolution of heat. After the exo-
thermic reaction subsided, the mixture was vefluxed for 2.5 hr,
and the precipitate was filtered with suction. Recrystallization
(I5tOH) gave colorless needles, mp 170-171°, yvield 8.8 g (R7.37, .
Anal. (Cal1:BrN,08) C, H, N
{rans-2-Ethoxy-1-(4-nitrobenzenesulfonamido )cyclohexane
(II).-—2-Bromo-1-(4-nitrobenzenesulfonamido)evelohexane (1) (33
g) was added to a solution of Na (0.2 g) in absolute EtOH (30
ml). The mixture was refluxed on a steam bath for 2 hr.  After
the =olution was cooled, 3.5%¢ HCI (9.1 ml) was added and allowed
to stand to yield 2.1 g (7597) of pale vellow needles, mp 140-141°
(from MeOH). . Anal. (CiHyoN0:8) C, H, N.

N-(4-Nitrobenzenesulfonyl)cyclohexenimine (IT).—Dried Ag,O
{prepared from 3 g of AgNO3), T (2 g), and Me,CO (25 ml) were
mixed and refluxed for 6 hr. The precipitate was filtered off
and the filtrate was evaporated to dryness under reduced pressure.
The residue was recrystallized (CeHsg) giving pale yvellow needles,
mp 133-136°, vield 1.25 g (80.77). This compound was also
obtained by the treatment of I with AgOAc in CsHy  .inal.
(CeTuN08) ¢ L, N

trans-2-Acetoxy-1-(4-nitrobenzenesulfonamido )cyclohexane
(IV).~ A mixture of IT (0.5 g) and AcOH (3 ml) was refluxed for
3 hee After cooling, H0O (2 ml) was added; the white precipitate
was recrystallized (IEtOH) yvielding yellow granules, 0.35 ¢
(0 ), mp 1537-158°,  Anal. (CulliN.O6) C, H, N,

{rans-2-Chloro-1-(4-nitrobenzenesulfonamido )cyclohexane (V).
—-A mixture of II (0.364 g) and 13¢; HCI (4.2 ml) was refluxed
for 3 hr.  After cooling, the precipitate was collected and re-
erystallized (EtOH), mp 150-151°, vield 0.574 g (8997). _.inal.
(CpH;CIN,O048) C, H, N.

Catalytic Reduction of Nitro Compounds I, III-V.—These
compounds were reduced catalytically in EtOH (Pt0Os) to the
corresponding amino compounds (VI-IN, respectively) in good
vields as follows: VI, mp 174-173° [Anal. (CpHiBrNL08) C,
H, NJ; VII, mp 105-106° [Anal. (CHuN058) C, H, NJ]:
VIIL mp 157-138° [inal. (CulhLyN.0) €, H, N}; IX, mp
[59-160° [Anal. (CpH:CIN.O:%) C, H, Nj. VI was treated
with A to give lrans-2-bromo-1-(4-acetamidobenzenesulfon-
amido)eyvelohexane (N), mp 179-180° [dAnal. (CyH BrNoO:%)
¢, 1T, N,
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Cinnoline compounds have been recommended as drugs in the
chemotherapy of trypanosomiasis,! as bactericides and anti-
parasites,? and in antitumor screening.? The antileukemic activ-
ity of various 4-substituted benzylthiocinnolines reported by
Castle and his coworkers® aroused our interest in preparing a
series of substituted phenyl cinnolyl sulfides and subjecting them
for pharmacological screening. This paper describes the prep-
aration of some new substituted-phenyl cinnolyl sulfides.

(1) J. R. Keneford. ¥. M. Lonrie, J. R. Morley, J. C. E. Simpson, [.
Williamson, and P, 1., Wright, J. Chem. Soc., 2585 (1952).

(2) E.P.Taylor. M. D. Potter, H. O. J. Collier, and W. C. Austin, British
Patent 812,944 (May 6, 1959); Chem. Abstr., 53, 18971 (1959).

3) R. N. Castle, . Ward, N. White, and K. Adachi, J. Org. Clem.. 25,
ATO (1960).

(4) R.N. Castle, K. Adachi, and W, D, Guither, J. Heterocyclic Chem., 2,
454 (19635).
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Experimental Section®

General Procedure.-—-The method 1= Hlustrated with the prep-
awration  of  Zechlorophenyl  4-(6,7-dimethoxyeinnolyl)  sulbide,
Toa dey =olution of NaOEt from Na (0.02 g-atom) i absolute
LSLOT (20 ml) under N, was added withshakinge-chlorothiophenol
(0.02 mole) followed by addition of 0.02 mole of 4-chloro-6,7-
dimethoxyeinnoline”  The reaction mixture was refluxed for
2 hr under Ny, dilinted with sufficient 11,0, and made alkaline 1o
dizsolve the unreacied thiophenol.  The =olld material was
filtered and recrvstallized from dilute 1O mp 1641657,
vield 1o g Compounds prepared in this way ave bsted in Table 1.

Tania |

Yield,*

No. R o AMp, °C Forniula”
J (‘Gl l) 72 H.J-.) (:]51114N2L)7S
2 /)'(:]I,j(‘ﬂ[{g 04 ]Nl'—lR'.) (:w]LI;N_)(),H
3 0-C1Cel 4 75 152 CrsHisCIN O™
+ in=-ClCyt,y 34 176-177 CisHipCLIN 0%
) p~CHCsH 47 199 CrsHCINL O
6 2,5-CLCelHy 67 200-201 CieHpCLN O3
n 3,0-CLCelTy S8 177178 Cisl 11 CLNLO.N
S 3,4-CLCH; 68 192 CrgHpChNLORr

« All compounds were recrystallized from EtOH-I11,0. " All
compounds were analyzed satisfactorily for C, I, N < Thix com-
pound was analyzed satisfactorily for C, H.
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(5 Melting points were taken in capillary tubes and are uncorrected,
6y R. N. Caxtle and I, 1. Kruse, J. Oryg. Chem., 1T, 1571 (1952).
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The availability of homopiperazine (1,4-diazacyeloheptane) by
a novel and simple synthesis? has made it possible to prepare a
series of symmetrical N,N’-dialkylhomopiperazines and their
quaternary ammonium salts. The bis-quaternary dimethosul-
fates were prepared for the purpose of determining their bac-
tericidal properties in comparison with homologous compounds
derived from N,N’-dialkylpiperazines and with N-alkyl-N-
methylpyrrolidinium  methosulfates  and  N-alkyl-N-methyl-
morpholinium and -thiamorpholinium methosulfates previously
described.”

Experimental Section*

Symmetrical N,N’-dialkylhomopiperazines (Table 1) were
prepared by refluxing 5 g (0.035 mole) of homopiperazine with

(1) Abstracted in part irom the thesis of K. E. Jones presented to Lafay-
ette College in partial fulfillment of the requirements for the degree of B.S.
in Chemistry, June 1964,

(2) F, Poppelsdorf and R. C. Myerly, J. Org. Chem., 26, 131 (1961).

(3) (a) D. R, Smith, J. W. Curry, and R. L. Eiffert, J. Am. Chem. Soc,,
72, 2969 (1950); (h) W. F. Hart and M. E. McGreal, J. Org. Chem., 2%, 81
(1957); (e) tbid., 28, 87 (1957), and references cited therein.

(4) Melting points were taken in capillary tubes and are corrected. 1ile-
mental analyses were determined by Drs. Weiler and Strauss, Oxiord, Fn-
¢land. Where analv es are indicated only by symbols of the elements,
analytical results obtained for those elements are within +0.1%] of the
theoretical value.



