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reported until the work is complete and bioassay results
are available.

Experimental Section!s

General Procedure. Conversion of Arylaldehydes to Aryl-
oxiranes.'*—Into a round-bottom flask was introduced 3509
NaH-oil dispersion in a molar amount four times that of the alde-
hyde to be used. Dry N, was passed through the flask during
this and all subsequent pperations. The oil was removed fromn
the NaH by washing three times with pentane, the pentane
being removed by pipet after each wash. Residual pentane was
removed by evacuating the flask and refilling it with N,. DMSO,
about 12 times the weight of NaH-oil used, was added and the
mixture was stirred at 70-75° until Hy evolution ceased (ca.
0.5-0.75 hr). The solution of DMSO anion was stirred and chilled
in an ice-salt bath, after adding a volume of THF equal to that of
the DDMSO. Me;S -1~ (molar amount equal to that of the
NaH) in DMSO (1 g of salt/4-5 ml of DMSO) was added over
ca. 3min. The resulting solution of Me,8=CH; was theu treated
over 1-2 min with a THF solution of the aldehyde. The cooling
bath was removed and, after stirring for 0.5-1 hr, H;O was added
and the oxirane was isolated by extraction (Et:0). At this point
the Et:0 could be removed carefully to leave the oxirane in
virtually quantitative yield. Usually, however, di-n-heptyl-
amine (3 equiv/equiv of aldehyde) was added to the Et,O ex-
tracts before boiling off the solvent, and the residue was taken
directly to the next step of the sequeitce. In no instance was the
oxirane characterized.

General Procedure. Amino Alcohols from Aryloxiranes—A
mixture of the oxirane and 3 molar equiv of diheptylamine was
heated in an oil bath under N; at 145-155° until tlc (silica gel F)
indicated essentially complete disappearance of the oxirane (1-4
hr). The excess diheptylamine was removed from the reaction
mixture in a sublimation apparatus at 70-150° (1-8 mm) while
being stirred to prevent splattering. Where tle indicated sub-
stantially one component, the residue of product, in Et,O or
absolute EtOH solution, was treated with 1 or 2 equiv (depending
ot the number of basic nitrogens in the molecule) of 189, HCI in
EtOH. Slow dilution with additional Et;O caused precipitation
of the amino alcohol salts in pure condition. When tle indicated
that significant by-products were present, preliminary purifica-
tion was effected by chromatography over alumina, using 30-60°
petroleun: ether-Et,0 for elution.

Heterocyclic Aldehydes.—Because heterocyclic aldehydes
D-H were prepared as part of a larger synthetic effort, only an
outline of their syntheses is given here. Preparative details and
analytical data will be published later as part of the complete
report.

Skraup reactions on 3-amino-l-naphthoic acid, 3-amino-2-
naphthoic acid, and 4-amino-l1-naphthonitrile provided benzo-
[flquinoline-6-carboxylic acid,'7 benzo[f]quinoline-3-carboxylic
acid,’® and benzolhlquinoline-6-carboxylic acid, respectively.
Esters of these acids were reduced with LiAlH, and the resulting
carbinols were oxidized to aldehydes D, E, and F, respectively.
DMSO0-80; reagent!? served as the oxidant that provided D and
ceric ton'? was used to provide E and F.

Aldehydes G and H were prepared from the corresponding
esters by reduction to carbinols and subsequent oxidation of the
alcohols with Pb(OAc)s'* and DMSO-S0;, respectively.!? The
ester precursor to G, methyl benzo[h]quinoline-3-carboxylate,
was obtained by photochemical ring closure of the methyl ester
of B-phenyl-a-3-pyridylacrylic acid.'® The ester precursor to H,
methy]l benz[h]izoquinolinie-j-carboxylate, was obtained by a
similar photoreactionn employing methyl g-phenyl-a-4-pyridyl-
acrylate.® The photolytic ring closures are analogous to a series
reported by Loader aud Timmons.2!

(15) Melting points were obtained with a Mel-Temp appratus and are
corrected. Microanalyses were performed by Miss Betty McCarthy of the
Stanford Research Institute analytical laboratory. Nmr spectra were ob-
tained on a Varian A60A instrument.

(16) This procedure is essentially that of Corey and Chaykovsky.®

(1T) W. A, Jacols and R. G. Gould, J. Biol. Chem., 120, 141 (1937).

(18) E. R. Barnum and C. 8. Hamilton, J. Amer. Chkem. Soc., 64, 540
(1942).

(19) A. R. Katritzky and A. M. Monro, J. Chem. Soc., 150 (1058).

(20) D. R. Bragg and D). G. Wibberly, ibd/., 5074 (1961).

(21) C. E. Loader and C. J. Timmons, tbid.. C, 1078 (1864).
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Antimalarials. Analogs of Phototoxic

2-Phenyl-4-quinolinemethanols!

Epwarp R. ArxINsoN AND ANTHONY J. PUTrick

Arthur D. Little, Inc., Cambridge, Massachusetts 02140

Recetved June, 3, 1968

The purpose of this work wag to prepare analogs of
the potent antimalarials I-II1,2 two of which were ob-
served to cause the development of sensitivity to light
and other toxic symptoms that interfered seriously with
their clinical use. The new compounds (Table I) in-
clude those in which chlorine was replaced by fluorine?
and those in which the nitrogen-containing side chain

HOCHCH.N(n-C,H, ), HOCHCH,N(n-C H,),
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was derived from amines not studied previously, The
pharmacology reported below indicates that, while some
of these structural analogs continue to possess consider-
able antimalarial activity, the phototoxic side effect
has not been overcome. Similar observations have
been reported recently from other laboratories.?—¢

It is now apparent that, if the phototoxic character
is to be eliminated from the 2-phenyl-4-quinoline-
methanol class, without at the same time decreasing
the antimalarial potency, structural modifications of
considerably greater sophistication must be examined;
such studies are currently in progress in this and other
laboratories participating in the Army Research Pro-
gram on Malaria. Although some structure-activity
data derived from phototoxicity studies have been re-
ported? there exists a need for more fundamental data
concerning the mechanism of development of photo-
toxic symptoms in laboratory animals and in man.

Chemistry.—The synthesis route to the compounds
listed in Table I was quite similar to that described
previously for the preparation of 2-phenyl-4-quinoline-

(1} This work was performed under Contract DA-49-193-MD-2901 with
the U. S, Army Medical Research and Development Command, Office of the
Surgeon General. Contribution No. 398 of the Army Research Program on
Malaria.

(2) F. Y. Wiselogle, ""A Survey of Antimalarial Drugs, 1941-1945," Vol.
I, J. W. Edwards, Ann Arbor, Mich., 1946, pp 347, 357-358, 359.

(3) The pharmacological virtues of fluorine-containing drugs have been
mentioned by A. J. Saggiomo, K. Kato, and T. Kaiva, J. Med. Chem., 11,
277 (1968).

(4) R. M. Pinder and A. Burger, tb¢d., 11, 267 (1968).

(5) D. W. Bovykin, Jr., A. R. Patel, and R. E. Lutz, bid., 11, 273 (1968).

(8) J. 8. Gillespie, Jr., R. J. Rowlett, Jr., and R. E. Davis, tbid., 11, 425
(1968).

(7) W. E. Rothe and D, P. Jacolwus, 1bid., 11, 366 (1968).
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Reerysin Yipld,»
Compd R, Rs Ry R Ra Ra Mup, °C sulvent " I"ormula Analyses®
1 Cl 11 Cl H 3| 1-Adamantyl 185—188 DY k) C, 1N
2 Cl H 1 I 4-Mechyl-1-piperazinyl 144-148  MHexane 34 I, N; ¢.ar
3 oo o Morpholino 190-192  -PrOH B3 ¢ H, CLN
4 ¢l H C h 4-Ihenyl-1-piperazinyl 194197 CH;0CH:C11:01 GO Co1LCLN
5 ¥ 3! I 11 11 1-Adamancyl 204-207 DALY tH 1PN
(¢ ¥ 11 1y 11 +-1Ilenyl-1-piperazinyl 130~142 MeOll 20 ¢, 1, N
n 1 11 1 11 Morpliolino 137-140 MeOll )l ¢ 1 PN
8 ¥ 11 1 11 +4-Methyl-1-piperazinyl 147—-148 15O 11-11.0 14 1, Iy ¢, NY
] 1 11 1 11 Piperidinag 163-165 JOIO) ¢ tid I 1N
10 1 11 1 11 -0l n-Chll; 114--110 11,0 11 ¢ U CL N
11 " 1L 1 11 Nee formula 1V 242-245  Tolueng 28 C.IN
12 11 clrool 1 +-Plienyl-1-piperazinyl 212-213  DMPI-H:0 16 ¢, ", CLN
13 11 Cl 11 Cl Morpholina 178-181 1tO1 7 o1 CLN
14 11 Cl H Cl 11 1-Adamantyl 18:3-186 DMY-11:0 44 ¢, 1, CIL N
15 11 Cl 1l (@ Piperiding 170-172 CHOCHCH.0CLs by .11, C, N
16 11 Cl 11 Cl +4-Methyl-1-piperazinyl 166-167 1-ProOll a4 ., H, Cl, N
17 1 Cl 11 Cl 11 1-Adamantyl 218-22] C1HOCH.CHOH 32 oL CL N
18 1 Cl H 1 4-Methyl-1-piperazinyl 207-210 CH«OCH:CH:0Il 33 o1l Ol
19 Cl Cl I} Cl 4-Plhenyl-1-piperazinyl 206-210 ClL,OCHC11:011 £y ¢ ILCLN
rlec
20 1 Cl Il Cl Piperiding 181184 CH;OCH:CH011 al Culle: CLNLO 1L CLN
« Yield~ reported are those vf recrystallized product.  Np attenipt was made tp impropve reactinn pr work-np conditipnz. " Values
for the elements indicated were within 0.47¢ of theoretipal. « C: caled, 63.46: found, 64.16. Cl: caled, 17.07: found, 16.21. 4 (*:
caled, 68.93; found, 69.44. N: caled, 10.97; fonnd, 1045, < C: caled, 71.74; found, 70.76.

niethanols.® We chose to prepare the quinoline-
methanol drugs by the reaction of the fowr guinolyl-
ethvlene oxide precursors with a variety of anines
ather than by using the bromohydrin—amine reaction,
where separation of the amine hydrobromide is necessary
during isolation of the desired product.

The oxides were in turn prepared by reduction of
bromomethy! ketones, followed by an alkaline work-up.
The traditional aluminum isopropoxide reduction was
used at first, but we now routinely use reduction with
NaBH,, a rapid process which gives almost quantitative
vields of oxide.

As indicated above, the amines used were chosen for
novelty in this series. 1-Aminoadamantane was chosen
because of its many well-known recent applications in
medicinal chemistry. The unconventional piperaziie
derivative IV was prepared by the reaction of piperazine
with 2 molar equiv of oxide in a single-step reaction.

HOCH—CH,—NX N———-~CH,~——HCOH

N/

We hoped to prepare compounds in the 6,8-difluoro
serles but we were unable to prepare 6,8-difluoro-2-
phenyleinchoninie acid by the Doebner—Miller syvn-
thesis from 24-difluoroaniline. The only substance
isolated was the typical “pyrrolidinedione anil” by-
product, a class of conipounds now known to possess all
isomeric structure."” The alternative Pfitzinger syn-

(8) R. I Lntz, et «l.. J. Amer. Chem. Soc., 68, 1813 (1946).

(U) 8. Winstein, et al., hisl., 68, 1831 (1046).

(10) W. L. Meypr aud W, R, Vaughan, J. Grg. Chem., 82, 98, 1354, 1560
L19467).

thesis failed when we were unable to convert 2,4-di-
fluoroisonitrosoacetanilide!® to 5,7-difluoroisatiil.

Pharmacology.—Phototoxicity data previously re-
ported” for 3, 8, 15, 17, and 18 in Table I show that the
structural variations involved in these conipounds have
failed to bring about a significant reduction in photo-
toxicity. A more recent study of 10 by the same authors
has found & minimum effective phototoxic dose of 30
mg/ kg, and still other fluoro compounds in this series
are known to be phototoxie.* Tt is unlikely that photo-
toxicity studies will be carried out with the renaining
compounds in Table 1.

Antimalarial activity data (Table LI) for 10 supports
the conelusion of others® that appropriate fluoro analogs
nre potent antimalarials; available data for 5-9 suggest
that the nature of the amine side chain is important.
The single “bis" eompound studied (11) was inactive
even at the highest doses. In the 6,8-dichloro series
only 15 showed interesting activity. The expected®
significant increase in antimalarial activity that oe-
curred when a third chlorine atom was introduced is
<hown for 17, 18, and 20, and a comparison of these three
epmpounds with analogous conipounds containiug just
two chlorine atomrs shows that the type of ring sub-
stitution is a mwore important factor than the type of
aniine side chain present.

A study of our data along with those reported from
pther laboratories might lead to useful conclusions con-
cerning an ideal structure for high antimalarial potency
i the 2-phenyl-4-quinolinemethanol series, but all pub-
lished data indieate that phototoxicity will most likely
continue to be u serious undesirable side effect.

Compounds 2, 9, 12, and 13 produced no significant
hicrease i mean survival time of chicks infected with

1 V. Q0 Yeu, No I Bun-od, and No DL Nooang, ihid,, 23, 1858 110481
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ANTIMALARIAL ACTIVITY®
Increase in mean survival time, days, or no. of cures (C) —_
Compd in Dosage, mg/kg
Table I 20 40 80 160 320 640
1 3.1 3.3 3.3 3.9 4.5 4.7
2 0.2 0.2 4.2 4.8 11.8 active
3 0.2 0.2 1.2
6 0.2 0.4 2.0
7 0.2 0.4 0.8 2.0
8 0.2 0.4 0.4 0.8 2.4 7.4 active
9 0.4 0.8 3.0 3.6 6.0 9.6 active
10 6.2 active 7.2 active 8.5 active 1C 1C 1C
12 0.4 0.6 1.2 1.8 3.6 1C
13 0.3 0.3 0.5 0.7 3.1 6.3 active
14 2.1 2.7 3.9 4.5 6.3 active 8.5 active
15 0.1 2.9 4.7 6.7 active 8.7 active 3C
16 0.5 0.5 0.9 4.1 5.9 Toxic
17 3.9 2C 3C 4C 5C HC
18 1. 1C 3C 4C 5C oC
19 0. 0.4 0.6 1.0 2.6
20 4.0 3C 2C, toxic

@ Tests were carried out in five mice infected with Plasmodium berghet [T. S. Osdene, P. B. Russell, and L. Rane, J. Med. Chem., 10,
431 (1967)] and results were supplied by the Walter Reed Army Institute of Research, Washington, D. C.  An increase in mean survival

time indicates antimalarial activity.
the control group, the compound is said to be “active.”
pounds not listed here had no significant activity.

Plasmodium gallinaceum!'?® at doses up to 120 mg/kg,
but 10 at 120 mg/kg produced an increase in mean
survival time of 15.2 days and was rated active.

In the mosquito primary screening test!® at concen-
trations of 0.19;, 5 produced at 259, sporozoite sup-
pression and 11 a 759, sporozoite suppression; the
remaining compounds were inactive (3 and 6 were not
tested).

None of the intermediates involved in our work
possessed significant antimalarial activity.

Experimental Section

Melting points were obtained in capillaries and are uncorrected.
Elemental analyses were performed by Galbraith Laboratories,
Inte.,, and by Dr. 8. M. Nagy (ML.I.T.). Satisfactory uv and ir
spectra were recorded for all compounds listed in Table I.

4’,7-Difluoro-2-phenylcinchoninic Acid.—m-Fluoroaniline, p-
fluorobenzaldehyde, and pyruvic acid reacted under conditions
similar to those used for the synthesis of the analogous dichloro
compowtd?® to give 40-509 vields, mp 257° (MeOH). Anal.
(CisHoF2NO,) C, H, N, F.

4’,7-Difluoro-2-phenylcinchoninoyl Chloride.—Satisfactory
vields in large-scale runs were not obtained until the cinchoninic
acid was first converted to its hydrochloride salt, mp 258-260°,
before the reaction with SOCl. The salt was prepared by the
addition of concentrated HCI to a hot solution of the cinchoninic
acid in dimethoxyethane. Runs involving up to 120 g of the
hydrochloride gave 60-709; yields of the acid chloride, mp 154—
156° (Ce¢Hs), i1 a conventional process. dAnal. (CiHgF2CINO)
C,H, F, Cl, N,

Bromomethyl 4’,7-Difluoro-2-phenyl-4-quinolyl Ketone.—The
procedure described for the analogous dichloro compound® was
used in runs involving up to 40 g of the acid chloride. The
intermediate diazomethyl ketone was not characterized, and the
bromomethyl ketone was isolated in 80-909; yield, either as its
crude hydrobromide salt, mp 184-190°, or as the free base, mp

(12) This test was condueted by Dr. 1. Rane, University of Miami.
Cliicks (9-12 days old) were infected with a uniform disease fatal to 1009,
of nuntreated controls within 3—4 days. Compounds under test were dissolved
or suspended in peanut oil and administered subcutaneously or per os imme-
diately after infection of the chicks. An increase of 100} in survival time
was considered to be the minimum effective reponse to the antimalarial
activity of a drug. Chicks that survived for 30 days were recorded as cured.

(13) E. J. Gerlberg, L. T. Richard, and J. B, Poole, Mosquito News, 26.
359 (1966).

If the mean survival time is greater than twice the mean survival time (6.1 or 7.0 % 0.5 days) of
1t is said to be “curative” (C) when an animal survives to 60 days.

b Com-

118-121° (HOAc-H,0). Anal. (Ci:HiBrFoNO) C, H, N. In
some runs the diazomethyl ketotle in ether suspension failed to
react completely with 489, HBr, as shown by the fact that the
product showed strong diazomethyl ketone absorption at 2110
and 3080 em~!. When the reaction was carried out in AcOH sus-
peusion the product was difficult to purify. Experience with
another relatively stable diazomethyl ketone, to be described it
a later publication, indicated that the product contained sig-
nificant amounts of the debrominated substaice, methyl 4*,7-
difluoro-2-phenyl-4-quiuolyl ketone. When bromomethyl ketone
containing this contaminant was subsequently reduced to the
oxide (see below) the contaminant was converted to the carbinol,
4’ 7-diftuoro-2-phenyl-4-quinolinemethanol, mp 148-150°, iso-
lated during the purification of the oxide. Anal. (CiiH,sFoNO)
C, H, F, N. No difficulties of this sort were encountered when
the diazomethyl ketone reacted with 489, HBr in C¢Hs suspen-
sion at room temperature; in our opinion the use of AcOH as
a solvent during the reactions of diazomethyl ketones with HBr
should be avoided.

Substituted 2-Phenyl-4-quinolylethylene Oxides.—The follow-
ing procedure for the preparation of 4',7-dichloro-2-phenyl-4-
quinolylethylene oxide is typical of that routinely used by us in
more recent work. In our early work we used Al(z-OPr); reduc-
tion of the bromontethyl ketone followed by an alkaline work-up?8
of the intermediate bromohydrin, but NaBH, reduction was
much more rapid and gave comparably high yields.

Bromomethyl 4’,7-dichloro-2-phenyl-4-quinolyl ketone hydro-
bromide? (7.1 g, 0.015 mole) (or an equivalent quantity of free
base) was suspended in 45 ml of EtOH, and 0.75 g (0.19 mole) of
NaBH, was stirred in during 10 mii, while maintaining the mix-
ture at 20-25°.  The suspension was stirred for 15 min longer and
then a solution of 3 g of NaOH in 7.5 ml of H;O was added. A
white precipitate formed, and the suspension was stirred for 30
min. The product was washed on the filter (H,O). The yield
of dried material was usually greater than 95%. In the specific
case described the product was recrystallized (Me,CO), mp 146-
147°, 1it.8 mp 143-144°, MeOH and 2-methoxyethanol were ulso
used as solvents for the reaction; dioxane and THF were less
acceptable. The reaction was carried out successfully at ten
times the scale described.

4’,7-Difluoro-2-phenyl-4-quinolylethylene oxide was prepared
by both Al(Z-OPr); (91-95¢; yield) and NaBH, reductions, mp
124-126°. Anal. (CyHuWF.NO) H, F, N; C: caled, 72.08;
found, 71.56.

6,8-Dichloro-2-phenyl-4-quinolylethylene oxide was prepared
only by Al(O-i-Pr); reduction® in 979 yield, mp 184-186°.
A sample for analysis had mp 190-192° (DMF). Anal. (Cy-
HuCLNO) H, Cl, N; C: caled, 64.56; found, 63.67.



2-Phenyl-4°,6 ,8-trichloro-4-quinolylethylene oxide, mp 183
185°, was obtaingl as a gift from the Walter Reed Army In-
stitule ol Research. The bromohvdrin precursor has been
deseribed 8

a-(N-Substituted aminomethyl)-2-phenyl-4-quinolinemetha-
nols (Table I).—The pxide (0.01 wmole) and the amine (0.011
0.02 mole) were dissolved in 10-20 mil pI DMF and the solbition
was stirred i a closed flusk at 100-110° for 10 Iir. The solntinn
wis dilitted (Ha0)) to precipitate the prirde produer: when pinl-
stons fornted, they were coagnlated by stirring in o hittle NaCL
The ernde produret was reervstallized from the solvent speritied
in Table T. In a few eases the free base was ditficudn o handle s
such and was therefore convertrd to the hyvdrorhlpride salt by
aleoholic or ethereal HCL The lower amine/pxide ratio was nsed
wihien water insolublility of the amine might complicate work-up
of the produet.  The higher mtip was used in the casp ol water-
spluble amines.  Iu the case pf #-BueNH the higher ratio was
nsed and excess amine was removed by steam distillation.  In
the ense pf T-aminpadamantane the free basel was prepared from
romtercially available T-ambioadanmantaue hydmrliloride.

All of the epmppunds deseribed n Table T are inspluble in H.0O
aud most are mpderately sphible 1y alcohpl =olveni<. We fpmnt
thar these componnds cinwed noderately severe teritatipn of the
=kin.
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i 14U I Gerzon, Ve B Kelmans, R La Brimlle, o Marshall, and M. AL
Rout, J. Med. Chon., 6, 760 (1063).

Some Characteristics of
Two Bipiperidyl Mustards!

Cuarnns C. Price, Prasapa Hao KoNugis,?
AND P1CHIRO SHIBAKAW.L?

Depactiment of Chemistry, Universily of Pennsylvania,
Philadvlphia, Pennsylvania 18104

Recetved July 23, 1968

The stability  of  diethyl-2-chloroethylamine (1)
against cyclization at pH 7 suggested that other mus-
tards with pK, of 7 or higher might be so extensively
protonated under biological conditions as to resist
cyclhization.  This led us to reinvestigate a potentiul
cross-linking difunctional nwustard which might fit
in this category, N, N’-bis(2-chloroethyl}-4,4’-bipiper-
idyl (IT1).* This compound has been reported carlier as
biologically inactive.®* We have confirmed this in-
activity as well as that for the hydroxylethyl analog and
N,N N’ N'-tetramethyl-4 4/-piperidyl (III). The cy-
clized imonium form of 11, however, was found to have i
remarkable obesifying effect our mice.**  The analog of
IT. N.N’-bis(2-chloroethyh)-44*-bipiperidylethane alsa
shows this obesifying effect.

Reports by Yamamoto® that DNA :wnd RNA buc-
teriophages are inactivated by conventianal difunctional
mustards but not by monofunctional mustards led to a
cooperutive investigation of the effects of the bipiperidyl
mustard.  Dr. Yamamoto found II;, inactivated

(1) Supported in part by U. 8. Public l1ealtl Service Grant No. Ca-08485.

i2) Irom the Pli.1). Dissertations of Prasada Rao Konern, 1964, and
Riichira Shibakawa, 19G6.

pit XL CGlerzan, . 150 Cocliran, Lo A, White, R, Maonaban, . V. Kron-
kalus, R. 15, Scorggs, and J. Mills, /. Med, Pharm. Chem., 1, 223 (1959).

1) R.J. Ruanan, I, =, Lewis, aml W. ). Bloomer, Scienre, 183, 1000
[RSHGIIPN

2N Yomanmpa amnd T Naios, dad. 180, 1603 119670 N. Yautannnn,
T. Naita, and M. B. Rhinkin, Cossees flas, 26, 2301 {19G6).

Nores
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donble-stranded DNA (Pa aud Th), <ingle stranded
DNA (S, and RNA (MS)) phages, while a4 mono-
functional analog, the imonmum form ot N-2-chlorn-
cthvlpiperidine,  inactivaited ncither These  resilts
ave further strong support for the alkylating action of
[T, lcading to incer- or intrachain cross-links.

Experimental Section

4,4'-Bipiperidine® wux ppuveried to the bis-N-hyilrpxyerhyl
(V1) amd bis-N-chlprperhyt (VII) dertvarives*  Frpm alkaline
Litratipn data, the pA, data in Table 1 were estinmed by the
method of Speakman.®

TanLe 1

Ao Dissociarion Constants

or Bireeripyn CoMroursns, 25°
Conpnd 37
1 1047, 1088
HOCHLCl, 7.93,9.19
CICH.CH. 6.01,8.09

Cyelization of 11 tp 11, was determined by Vplhard Litratipn
of chlpride ton liberated, ax summarized in Table II.  Afier t
Lir, 50 ml of the sphitipn pf 115, was dilured with 50 ml pf 0.005 M
thiosulfate. The rate of reactipn s stumnarized in Table 111

Tasrs 11
Cycntzarvion oy 11, 0,005 M, pH 9.0, 25°

Thine, min v Cle
13 250
30 S0
43 100

chy o= o~Ad X 10 T see T

TasLe 111
Hearmox pr I, (0.0025 M) wirn
Tmsvirate (0.0025 M), 25°, pH 9

Time, min L i reactinl

15 sl

30 44

H0 6

120 65

180 74
S kg, = ~0E L mple ™! see

N ,N'-Bis(2-hydroxylethyl)-4,4'-dipiperidylethane wa=x pre-
pared fromn 4,4’-dipiperidylethane’ by treating an LKtOH syln-
tipn with erhylene oxide followed by evaporativn and recrystal-
lizarion fromt MeOH (459 vield), mp 107-109°  dnal. (Ciu
15, N.00) G, 11, N

Conversion )y N,N*-bis(2-chloroethyl)-4 4’-dipiperidylethane
dihydrochloride wax acepmplished by SOCL: in CHCl;, reerys-
iadlizatinn frout MeOH gave eplprless needlex (807¢), mp abpve
310° dnal. (CuldwCEN) C, H, N, CL

N-(2-Chloroethyl)piperidine hydrochloride wus prepared from
the hydroxyethyl compound, bp 79° (5 mn1), n*n £.4770 (1it.?
n®p 1.4775), by stitring overnight with SOCl in CCL. Afier
removal of excess SOCL; by distillation, filtration, and recrystalli-
zation from IStOH, the product melted at 238° (739). Anal.
(C:HiiCleN) C, H. An earlier sample reported to be this com-
pound, mp 376°,9 was undoubtedly the piperazinium dimer.
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