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Method B.  2-Acetoxyethyl o-Iodobenzoate (2). To u stirred Some Quinolines Containing a Cyelic

solution of 61.0 g (0.228 niole) o-lodabenzoy! ehloride in 3510 1l
of dry pyridine at 60° was added 23.9 g (0.228 mole) of 2-hy-
draxyethyl acetate during 5 miin.  Tlie mixture was stirred ou a
steant bath for 5 hr.  After transferring to a beaker and cooling
in o snlt-ice bath, 880 ml of cold 6 .V H.S0, was added dropwise.
After decanting the top layer, the black aqueous pliase was ex-
tracted with ether. The eombined organic phase was washed
=necessively with cold HyO, cold 57 KeCOj, and saturated NaCl
and dried (Drierite).  Acidification of the basic washes gave
24 .8 g of o-lodobenzaie acid.  Aftor charcoaling and removal of
solven) there remained a red ail which was distilled (o give 28.8
g (38¢5) af 2. Taking iuto aceaunt recovered o-iodobenzoic
acid the vield of 2 was 6795, An aliquot was fractionally distilled
Lo furnizh an analytical sample.

Method C. 4-Propionoxybutyl p-Iedobenzoate {16).--Di-
methylformamide (300 ml) which had been dried over silica gel
wis lieated to 110° and 43.2 g (0.159 mole) of finely pawdered
sadiun p-iadabenzoate was added rapidly with stirring. Tu ane
portion 28.0 g (0.170 mole) of 4-ehlorobutyl propiounate’ was
added aud stirring at 105-115° cantinued for 20 hr.  The cooled
mixture was poured inta ice water and the aqueous layer was
decanted from the ail and extracted with hexane.  The combiued
organie extracts were washed successively with cald water, cold
57 KeCOy, cold 29, HCI, 109, NaHSD;, water, and saturnted
NuaCl  After drying over Drierite nnd treatment with deeoloriz-
ing charcoal, the solvent was remaved at reduced pressure (o
give 5540 g af colorless oil.  Distillation gave 46.6 g (7TR9.) of
16. An aliquot of the dixtillate wus fractionally distilled to
furnish an analytical saple.

Acknowledgment.--The authors ave indebted to Dr. J. Hoppe,
Mr. A. Brousseau, Mr. J. Romano, and Mr. J. Healey for the
results of the biologieal studies and to NMr. K. Fleischer and staff
for anadytical services.
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1,2-Dihiydro-1-hydroxy-2-oxoquinalines, quinolines containting
1 cyelie hydroxamic acid group, exhibit antibacterial activity,*
and the nature af substituents at positians 55 and 4 of the quinoline
ring appears to influence this activity.?*  We have syuthesized
<eries af 3-alkyl-1,2.3,4-tetraliydro-1-hyvdroxy-2-axoquinolines by
the route outlined i1 Scheme 1.

Attenipts to canvert the 3-alkyl-1,2,3,4-(etrahydro-1-livdroxy -
2-oxoquinolines itdo their fully aramatic caunterparts live =o
far failed. Where aramatization was successful it was ulways
accampanied by deoxygenation to vield a 3-alkylearhostyril.

Experimental Section®

The compounds and methods are listed in Tablesx I and 11,

Ethyl «-Alkyl-g-c-nitrobenzyimalonates. Method A.-—n-XNi-
frohenzyl hramide (0.0425 mole) was added aver 10 min ail
raam temperature to w stirred solntion af the appropriate w-
alkylmalonate (1.05 wole) aud sodium ethoxide (0.05 mole) in
ethanol (30 ml). Tlie mixture was stirred for 1 hr, the solvent
was evaparated in vacro, aud the residue was triturated with

(1) Comnmunications regording this paper should be adilressed tn (e
Iharmary Departinent, THie University of Aston in Birmingham, Gosta
Green, Birmingham 4, lineland.

(2) (a) G. T. Newbold and . 8, Spriwg, J. Chem. Soc., 1864 (1848): (b
1{. G, Cunningham, C. T. Newbold, I'. 3. Spring, and J. Stark, J. Chem. Sor.,
2091 (1949); (c) W. A, Lotz and B, Slaw, J. 4m. Chem. Soe., T1, 70 (1949);
Gy R, T, Contts, UL Neble, and 11, G, Wibberley, J. Pharm. Pharmacol., 16,
T (1864 (e R, Couits, W, N, Pilkethly, aud D. G, Wibberley. ./.
Phourm, Sci., 84, 792 11465,

i) Microanalyses by Lies. G. Weiler il 170 13, Stranss of the Micrnanu-
Iviieul Laboratory, Oxford. Miuglanid.
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TaBLE I
a-ALKYL-@-0-NITROBENZYLM ALON ATES
]
CH.CCOQOEt
@[ COOEt
NO.
Yield, ¥,
Method Method Bp,°eCc  ———— Caled, % — Found, Y
R A B {mm) Formula C H N C H N
Ithyl 60. 1 158 (0.7) CisHaNOs 59 .44 6.5 4.33 59.58 6.65 4.70
n-Propyl 33.1 164 (0.9) C{HuNO, 60.53 6.82 4.16 60.33 6.77 4.42
Isopropyl 4.0 43.3 174 (2.0) CjsHyuNO, 61).53 6.82 4.16 61.45 6.88 4.24
n-Butyl 67.2 188 (1.6) CisHa:NOs 61.54 7.12 3.99 61.77 .19 4 .45
Isobutyl - 50.2 180 (1.75) CisH:NOs 61.54 7.12 3.99 61.39 6.08 412
sec-Butyl 3.9 37.2 196 (4.5) CisHuNO, 61.54 7.12 3.99 61.43 6.78 4.48
e After one distillatiou.
TasLe II
1,2,3,4-TETR AHYDRO-1-HY DROXY-2-0XOQUINOLINES
R
Q=
T 0]
OH
Yield, Bp (mm) or ———Calal, Yp—— ———1l"ound, Y-—-——
R Rt Nethiod Y% mp, °C Forinula C H N C H N
Tthyl COCoH; C 13,6 178 (1.8)*  CulliNO, 63.85 6.46 5.32 63.93 6.56 4.95
n-Propyl CO.C.H; C 2.5 62-63 Ci:HeNOy 64.99 6.86 5.05 64.77 6.81 4.83
Isopropyl CO.C,H; C 76.8  108-109 C1:H,gNO, 64.99 6.86 5.05  64.67 6.60 5.22
n-Butyl CO.C.H; C 79.8 184 (2.2) CisHy NO, 65.98 7.22 4.81 66.41 7.37 5.05
Isobutyl CO,C:H; C 7.7 168 (1.5) CisHayNO, 65.98 7.22 4.8] 66.16 7.40 4.71
sec-Butyl CO:C:H; C 72.5 82-83 CieHaNO; 65.08 7.22 4.81 65.80 6.95 4.64
Ethyl CO.H D 76.0 140 dec Ci:H;3NO, 61.27 5.53 5.96 61.99 5.73 5.61
n-Propyl CO.H D 73.2 127 dec Cj3H3NOy 62.65 6.02 5.62 62.61 6.16 5.71
Isopropyl CO.H D 85.4 103-106 CiH;NO, - H,0° 58.43 6.37 5.24 58.34 6.02 4.92
131 dec? Ci3Hi;NOs-0.5H,0% 60,47 6.20 5.43 60.19 6.06 5.49
n-Butyl CO-H D 72.1 97-99 CiHi:NO, 63.88 6.46 5.32 64.12 6.59 5.51
Isabutyl CO:H D 85.4 111 dec’ Ci:HizNO;- H.0 59.78 6.76 4.98 60.70 6.88 5.27
sec-Buityl CO.H D R84 120 dec” Ci:HizNO;-H:0 59.78 6.76 4.98 59.90 6.56 5.35
Etlyl H E 49.9 134 (1.00) CiiHNO:2 69.12 6.81 7.33 69.23 6.68 7.36
n-Propyl H E 32,1 145 (0.8) CH;;NO: 70.25 7.32 6.83 .29 7.32 6.83
Tsoprapyl It L 33.3 118-119* CHi:NO, 70.25 7.32 6.83 W00 733 6.02
n-Butyl H I 30.8 155 (1.2) C;Hi:NO, 71.24 7.76 6.39 71.51 7.72 6.29
Isabutyl H K 31.6 R3-84 CiHi:NO, 71.24 7.76 6.39 7096 7.85 6.71
« Solidified slowly on standing. * With prelininary shrinking. ¢ Dried at roam temperature under vacuum. * Dried at 80° under

vacuuin,
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water aud acidified with acetic acid. The product was extracted
into chloroform, and the extract was dried and distilled.

Method B.—A mixture of the apprapriale a-alkylmalouate
(0.05 mole) in dry beunzene (40 ml) and sodium (0.05 mole) was
heated under reflux until solution was complete. o-Nitrobenzyl
bromide (0.0525 mole) was added over 10 min and the mixture
was heated under reflux on the water bath for a further 10 min.
The solvent was evaporated and the product was isolated as in
method A.

Reductive Cyclization of a-Alkyl-a-o-nitrobenzylmalonates.
Method C.*—A stream of uitrogen was bubbled through a vigor-
ously stirred solution of NaBH; (0.05 male) in 0.5 N NaOH
(6 ml/g of o-nitro ester). Palladinm—chareoal (105;) was shaken
with a little water to form a slurry and this was carefully added
to the borohydride solution. A solution of the o-nitro ester
(0.025 mole) in dioxane (3 ml/g of o-nitro ester) was added over
5 min and the mixture was stirred for a further 1 hr and filtered
through Celite. The filtrate was acidified with concentrated
HCI to yield the cyclic hydroxamic acid either as an oil or as a
solid. Oily products were extracted into chloroform and dis-
tilled, and solids were filtered, dried, and recrystallized.

14) A similar metliod has been previously described?! but molar propor-
tions were incorrectly stated, and tlie present metlod avoids a possible fire
hazard.
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Hydrolysis of the 3-Alkyl-3-ethoxycarbonyl-1,2,3,4-tetrahydro-
1-hydroxy-2-oxoquinolines. Method D.—The ester 1o Dbe
hydralyzed was heated under reflux with 5 V NatlT 14 al/g) for
a titte depeundent on the nature of the S-ulkyl group 120 wmin Tor
ethvly n-propyl, r-butyl; 13 min for izopropyl: 1) min for ser-
hutyl and isobutyl).  The solution was poured into dilure 1]
and iee to vield the corresponding 3-carboxyvlie acid.

Decarboxylation of the 3-Alkyl-1,2,3,4-tetrahydro-1-hydroxy-
2-o0xoquinoline-3-carboxylic Acids. Method E.— The carhoxylic
acid was dissolved i warnn diphenyl ether 110 g/fg of acid) and
the tewperntule caretully wiax mised unul Cthe evolution co-
aenced.  Thix teaiperature wax maintained untl the decom-
pr=ition wias coaplete, and the solution wiux conled and diluted
with ether.  The hyvdroxamie aeid was extracted into 1N Nati]l
and liherated hy addition of aeid.

Metal Complexes of
2’,3’-0-Isopropylidene-6-thioinosine

AviexanpeEr Havrrox!™ asn J, C Fraraxtont

Dirvisian of Biological Chemastry, Sloan-Kellering Institule for
Cuncer Research, New York 21, New York

Reveived May o, 1566

Soute wetabolie inhihitions hronght ahoat hy the anjineo-
plastic agent G-mercaptopurine are attribintable to its anabalite,
G-thioinosinic acid.*  Among other effects, this nucleotide en-
hanees inhibition of adenvlosiecinase by cnprie ions,* possibly
hy formation of a4 cuprie-6-thioinosinate complex,  Isopropyli-
dene-(-thiainosine forms 2:1 complexes witl copper and nickel
in which the metal ix presumably hound to the sidfur and to
N-7 ot the purine moiety, in analogy to copper and nickel chelates
of S-hydroxyquinoline and a series ot aza unalogs of 8-hydraxy-
quinaline related to 8-hyvdroxypurine.

Experimental Section

Nickel Complex of 9-( 2,3-(-Isopropylidene-g3-n-ribofuranosyl )-
6-mercaptopurine.—1'o 1 =alution of 0-(2,4-O-isoprapylidene-g-
n-ribofuranosyl)-6-mercaptopurinet (48,6 1mg, 0.15 mnale) in
water (10 ml) containing 0.15 ml of 1 .V NaOH wax added, at
ca. 45°%, 15 mlof 115 M NiCly. The yellow-green suspensian wis
cooled, extracted with three 23-ml partions of chlaroform, and
the CHCL =olution wis washed with water (25 ml), deied (Ni.-
S, aud evaparated to drvoess, The dark =alid (51 mg) was dis-
solved in acetone; addition of petrolenm ether (bp 40-60°)
gave i1 vellow-green precipitate which was collected by centrifi-
gation and washed with acetore-petralenni ether (1: 1),

dnad. Caled tor ColloNGNiDWS: G, 44270 11, 4200 N,
tH.x0; Ni, 8320 Found foe nmterial dried at 90° (0,0l wmni:
Co440587 11 4550 N, 16000 NI, S.06.

The complex slowly decomposed without melting at 3007,
In ethanol, it =howed ahsorption maxima at 228 and 322 1y,
o/ A 1.74, and o mininminm at 265 1.

Copper complex of 9-(2,3-O-isopropylidene-3-n-ribofuranosyl)-
6-mercaptopurine was prepared from CuS0O; and the above
nncleaside by the procedure used Ifor the nickel complex. The
complex was isalated by extraction with ehiloroforin and obtained
ax i vellow precipitate by addition of petroleumn ether to its
sollttion in acetane.

nal. Caled Tor CadCnNOS2CHCOCH: C, 47.53:
11, 505 Cu, 7100 N, 12,650 Found for material dried at 60°
(00 mar): G 40340 1 A60: Cu, 6,700 N, 13,20,

) tal This work was supporied by faads from the Natiounal Cancer 1n-
sriture, U, 3, Public Health service (Grant CY-3190), and from the Atomic
linergy Commissinn (Contrast No. AT(30-13-910).  1b) TUniversity of
Alberta (Cancer Researrhi Unit, Meliarlern Laboratory, Fdmonton, Al-
berta, Canada.
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The Interaction of Alkyl 2-Naphthyl

Ketones with Isatin’
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Serions pharaacological ~ide etiects noted 10 neenr wirhi the
administration ot 2-phenyleinchoninie acid®* Chave led 1o intensi-
fied research in the =vinthesiz of analogs of thix comupound. s

In thix jnvestigation, a1 homologons <eriex of B-alkvl-2-02-
naphthyheinchoninie  acids,  extended through the hendecyl
member, has been prepared nnder Ptzinger reaction conditions,
which nvalidates the assumption of Bua-oi, ¢ «l..” Yhat com-
pounds of type RCOtCHL,CHy in which R represents o 2-
naphthyl group and a ix an integer greater than 2 would he =n
steriendly hindered that ring closue conld not ocenr,

Experimental Section

CALN mnalvees were performed hy Hufftnian Laboratories,
Ine., Wheatridge, Cola. Melting points were deteruined by the
capillary method wind are corvected. The aolecular weight of
sach cinchoninie acid was deterined by the nonagueons ti-
tration procedures a= outlined hy Fritz.»

General Procedure for 2-Naphthyl Ketone Synthesis.-—All
ketones in this investigation were prepared in good vield by the
interaction of 2-naphthoyl chloride with the appraprisde dialkyvl-
cadminm reagent.

General Procedure for Preparation of 5-Substituted 5-i2-
Naphthyl)hydantoin.-—The 3tti-il Pyrex liner of a monel-metal
homwb was elinrged with 0.0 aole of a 2-naphthyl ketone dis-
<olved in 100 ml of dimethylformaaide { DM, To this solirtion
was added 1.5 equiv of KON, dizzolved in the leaxt mmonnt of
1.0, and 4 equiv of INILLCUL The hamb was quickly closed
and placed in an oven regulated at 115° for 24 hr. The reaction
mixture was thea rendered alkaline hy thie addition of o1,
aquegus NaO1 and any nnreacted ketone was <ubsequently
ether extracted.  Acidificiition of the aqueons layer with con.
centrated HCI cansed precipitation of ilie hydantoin derivative.

General Procedure for Preparation of 3-Substituted 2-(2-
Naphthyljcinchoninic Acids.——A reaction solvent was prepared
trom 12 g of %50 KO1LL 15 ml of water, and 85 ml of ethyl aleohal.
T thix =olution, 0.05 nole of u 2-naphthyl ketone and V.O7 mole
of matin was added, and the resulting mixture was refluxed for
O he with rapid =tirring. The ethyl aleohol was then removed
by distillation and the residnal dark brown solimtion was dilinted
with 50l of witer and ether extraeted 1o remave any unreael ed
ketone.  Adjustment of the pll of the aqueons Liver o S0
with coneentrated 1CT produced o gelatinons preeipitate which
was reioved by suction filtration, found to be i jnorganie s,
qand direarded.  Subsequent adjustient of the pll of the fltrare
to a0 with concentrated HC resulted in the formation of «
thick gratadar tan precipitate which, after decolorization and
reervstallization from ethanol, proved to be the desired cin-
choninie aeid. Nesnlts ave stranmarized in Table 1.
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