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N-(3-Dimethylaminopropyl)-3-azatrispire[5.2.2.5.2.2] henei-
cosane Dihydrochloride (4).—The acid 15 (0.4 g, 0.001 male)
was refluxed with 15 ml of Ac,O far 13 min; the excess Acs)
wis vacuuni-distilled.  The erude trispira anhydride was heated
at 200° for 1 hr with 0.5 g of Me,N(CHa),N1ls.  EFixcess aniine
was relaved in vacuo.  The remaining, erude itmide in 100 mt of
dry Et,0 was added slowly to a stirred solution of LiAllT, (1 g»
in 100 ml of dry Et0. After 2 hr, the mixture was decompased
with T1,O and filtered. The filtrate was dried (Nu,80,), and the
solvent was distilled. The residual oil in aleohal was treated
with HCl gas. The product was recrystaliized from 51O~
1££,0, mp 330-332°, vield 0.37 g, 77¢% (based upan 15). .1nal.
(CaualTesNClL) C, H, N, Cl.
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A previous paper! in this series indieated the clinical
need for an agent which could be emploved for photo-
scanning the adrenal gland and associated tumors, In
ann attempt to meet this need, several radioiodinated
analogs of 1,1-dichloro-2-(o-chlorophenyl)-2-(p-chloro-
phenyl)ethane (0.p’-DDD, I) were described in which
one of the aromatic chlorines had been replaced by
radioiodine (II). The synthesis of these compounds
was prompted by the fact that 0,p’-DDD is currently
the ouly effective agent used for the treatment of
adrenocortical carcinoma,? and apparently exerts its
action by concentrating in adrenal tissue.> Preliminary
animal studies with the radioiodinated compounds have
indicated that they may be useful for adrenal photo-
scanning in humans* and larger quantities of one of
the isomers is currently in preparation for clinical in-
vestigation. As part of a continuation of the synthetic
studies in this area, this paper describes the preparation
of radioiodinated DDD aualogs in which the aliphatic
chlorines have been replaced with radioiodine (VIII).
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The synthetic approach to the appropriately sub-
stituted 2,2-diphenvlethyl iodides involved a study
of the unucleophilie displacement of the corresponding
tosylates (VII) with iodide. Asshown in Scheme I, the
required tosylates were obtained i1 two steps from the
substituted diphenylacetaldehydes (V). The alde-

{11 R. E. Connsell R. E. Willette. and W. DiGuido. J. Med. Chem.. 10,
97H (1967).

(2) D. A. Kamolsky in "rougs of Choice 1066=13¢7," W, Modell, Id..
C. V. Mosby Co., St. Louis, Mo., 1966, p 617.

(3) C. Cueto and J. H. V. Brown, Endocrirology, 62, 326 (1958).

(4) W. DiGuilio, Chief of the Radioisotope Unit, V., A. Hospital, Ann
Arbor, Micli, personal communicailion.
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hydes were either obtained commercially or synthesized
from the appropriate benzophenone (III) by Darzen's
synthesis.

During the course of these studies it was noted that
Riemschueider and co-workers® had reported isolating
p,p’~dichlorodiphenylacetaldehyde (Vb) as a solid, mp
147°, following acid hydrolysis of the corresponding
ethylene glyeol acetal. They had obtained the acetal
by refluxing p,p'-DDD with alkaline ethylene glycol.
The aldehyde obtained in our studies, however, was a
high-boiling hquid (bp 158-~162° at 0.35 mm) which
resisted erystallization from 2 variety of solvents.
Moareover, elemental analysis and the nmr spectra of
our aldehyvde were 1 agreement with the assigned
structure.  Studies® in our laboratory subsequently
demonstrated that the high-melting solid obtained by
thie earlier investigatars wns p,p’-dichlorobenzophenone
(ITIb), lit” mp 147-145°.

Horton and co-workers® previously prepared the
aleohol VIa by LiAlH, reduction of the aldehyde in
58 vield. We found, however, that NaBH, reduc-
tion in ethanol wis more convenient aud afforded the
desired alcohols in over 80¢¢ vield in each case.  These
aleohols were readily canverted to the tosylates using
the general pracedure of Tipson.®

Previous studies by Haniriek and Hauser? had shown
that 2,2-diphenyicthyltosylate afforded unrearranged
elimination and/ar substitution products when treated
with various nueleophiles.  In such cases, nucleophilic
displacement (n) and elimination (h) are competing
reactions and the nounts of each praduct depend on
the relative rates of the two reactions.
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Iu our studices, the ratio of displacement to elimina-
tion product was found to depend on the structure of

(3 R Riemsehneider, I. Abrle, W. Cobuen, and L. Heilinann, Chem.
Ber. 92,900 (1450},

{G) Manugeript in preparation.

Ty J. Dieseken and W. D. Cohen, Chem. Zentr,, 1, 1376 (19155,

i8) T, Inoi, P. Gericke, ansd W, J, Horton, J. Org. Chem., 2T, 45687 (1962},

“ 13, 8. Tipson, ibid., 9, 235 (1944),

(1) P.J. lawrick and C. R. Hauser, ibid. 26, 4199 (196 1.
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the starting tosylate. In the case of the o,p’-tosylate
(VIIa), reaction with potassium iodide in refluxing
acetone, aqueous acetone or 2-propanol resulted in the
recovery of starting material in each case. When the
displacement was carried out in DMF or DMSO at
140°, the corresponding olefin, 1-(o-chlorophenyl)-
1-(p-chlorophenyl)ethylene (IXa), was isolated as the
sole product. The desired iodo compound (VIIIa) was
obtained, however, when the displacement was per-
formed in refluxing acetonitrile over a 4-day period.
Nmr analysis of the crude reaction product showed a
ratio of displacement to elimination product of 2:1.
On the other hand, all attempts to carry out the same
displacement with the p,p’-tosylate (VIIb) under identi-
cal conditions gave only the elimination product IXb.
Although halide ions are not usually considered to be
strong bases, iodide has been noted to cause dehydro-
halogenation in dipolar aprotic solvents.!!

Steric factors are known to play an important role
in bimolecular elimination reactions.!? Molecular mod-
els of VIIa clearly illustrate the steric hindrance im-
posed by the o-chlorine on the S-hydrogen and un-
doubtedly accounted for the isolation of substitution
product in this case. This consideration prompted a
study of the 0,0’-tosylate (VIIc), and in this instance no
elimination occurred and the iodide (VIIIc) was isolated
in essentially quantitative yield.

Radioiodine-labeled VIIIa and ¢ were obtained by
isotope exchange with Na!®I in refluxing acetone and
acetonitrile, respectively. With the former, isotope
exchange was accompanied by elimination and neces-
sitated purification of the radioiodinated product by
column chromatography. This complication was not
encountered with VIIIc.

Preliminary tissue distribution studies with the
radioiodinated compounds have been carried out in
rats, and tissues were analyzed 4 and 24 hr after intra-
venous administration.!® For VIIIa, most of the radio-
activity was found in the thyroid after 4 hr with little
radioactivity appearing in other tissues. Considerable
thyroidal radioactivity was also noted 4 hr following the
administration of VIIIc. In this case, however, high
concentrations of radioactivity were also found in fat
tissue and whole blood. Twenty-four hours after the
administration of VIIIe, the concentration of radio-
activity decreased slightly in fat, increased slightly in
blood, and increased to a considerable degree in thy-
roid. Ouly low concentrations of radioactivity were
found in the adrenals which is in contrast with the
results obtained with ring-iodinated DDD analogs.!
These data are consistent with the premise that these
compounds are metabolized in a manner similar to
DDT!* giving rise to substituted diphenylacetic acids
and inorganic iodide. The appareut slower metabolism
of VIIIc could be accounted for on steric grounds simi-
lar to those discussed above.

Experimental Section??

Ethy! 3,8-Di(p-chlorophenyl)glycidate (IVb).—To a solution
of ethyl chloroacetate (13.6 ml) and p,p’-dichlorobenzophenone

(11) A. J. Parker, Quart. Rer. (London), 16, 183 (1962).

(12) Cf. D. J. Cram in *'Steric Effects in Organic Chemistry,” M. 8.
Newman, Ed., John Wiley and Sons, Inc., New York, N, Y., 1956, p 333.

(13) The authors are grateful to Dr. Walter DiGuilio and Mr. Scoftt
Skinner of the Radioisotope Unit, V. A. Hospital, Ann Arbor, Mich., Ior
furnisbing this information.

(14) W, J. Nayes, Jr., Ann. Kerv. Pharmacol., 8, 27 (1965).

Nores 381

(20 g) in anhydrous CsHsg (20 ml) was added NaH (549 disper-
sion, 6.4 g) in portions with stirring. The addition was carried
out under N; over a period of 4 hr. The addition flask was rinsed
with anhvdrous CsHg (20 ml) which was added to the reaction
mixture. Stirring at room temperature was continued overnight
and the reaction mixture was poured onto ice water-HCI (1:1).
The mixture was extracted (C¢Hs) and the dried extract (NaoSO,)
was concentrated to dryness. The yellowish, solid residue was
recrystallized from MeOH to afford crude IVb (22 g), mp 95—
105°. Recrystallization from ether—cyclohexaue furnished pure
IVb (18.5 g, 69%): mp 110-112°; umr peaks, 1.02 (CH;,
triplet, Jax = 7 cps), 3.97 (CH), 4.03 (CHs, quartet, Jax = 7
cps), 7.32, aud 7.41 ppm (aromatic). Anal. (Ci:H1ClO;) C, H.
2,2-Bis(p-chlorophenyl)acetaldehyde (Vb).—A solution of
IVb (15.0 g) iu EtOH (100 ml) and 209, aqueous KOH (25 ml)
was refluxed with stirring for 8 hr. The EtOH was remaved by
evaporation, H:O (50 ml) was added, and the mixture was ex-
tracted with ether (two 235-ml partions). The aqueous phase
was warmed on the steam bath to remave residual ether, allowed
to cool, and acidified by the addition of dilute HCL. The mixture
was extracted (Et:0) aud the extract was washed (H.0) and
dried (NagS04). The solvent was removed aud the residue was
heated in an oil bath at 150° under reduced pressure (aspiration).
Distillation of the crude decarboxylated product (11.5 g) afforded
pure Vb (9.4 g, 809): bp 158-162° (0.35 mm); wmax 1720 ecm !
(C=0); unmr peaks at 4.83 (doublet, benzylic H, Jax = 2 cps),
6.85-7.68 (aromatic), and 9.90 ppm (doublet, aldehvde H,
Jax = 2 cps). Anal. (CiyH,CLO) C, H.
The 2,4-dinitrophenylhydrazone was recrystallized from
EtOH-EtOAc, mp 178-180°. A4dnal. (C:H1sCLNLO,) C, H.

Borohydride Reduction of Bis(chlorophenyl)acetaldehydes.—
The aldehyde (V) was added with external cooling to a solution
containing NaBH,4 (1.0 g) in EtOH (20 ml). The solution was
allowed to stand at room temperature overnight and poured iuta
109, NH.CI solution (100 ml). The mixture was extracted
(Et:0) and the extract was washed (H;0), dried (Na.80,), and
concentrated in vacuo. The resulting crude alcohol was purified
by distillation or recrystallization (see Table I).

Tosylation of Bis(chlorophenyl)ethanols.—p-Toluenesulfonyl
chloride (2.4 g) was added to a solution of the aleohol (VI, 2.0 g)
in pyridine (20 ml). The mixture was cooled in an ice-salt bath
and stirred until all of the acid chloride had dissolved. The
solution was kept below 0° for an additional 2 hr and then
refrigerated for 17 hr. Water (1 ml) was added dropwise main-
taining the temperature below 15° and the solution was paured
into ecold water (20 ml) with stirring. The crude product was
collected by filtration, washed well with water, and recrystallized
(see Table I).

1-(0-Chlorophenyl)-1-(p-chlorophenyl)-2-iodoethane (VIIIa).
—To a solution of VIIa (4.0 g) in freshly distilled MeCN (100
ml) was added KI (4.0 g) and the mixture refluxed for 4 days.
The solvent was removed in vacuo and the residile was shaken with
H;O and CHCL. The organic phase was separated and dried
(Na:S0y), and the solvent was removed. The residual oil was
fractionally distilled to give two coustant-boiling fractions. The
first (0.43 g), bp 110-114° (0.15 mm), proved to be identical with
an authentic sample of 1-(o-chloropheuyl)-1-(p-chloraphenyl)-
ethylene (IXa) prepared accarding ta Zee-Cheng and Cheng.V?
The higher bailing fraction (1.5 g), bp 164-166° (0.1 mim1), wax
the desired praduct VIITa (see Table I). Nmr analysis of the

(15) Melting points were taken on a Fisler-Johns melting point apparatus
and are corrected. Elemental analyses were performed by Spang Micro-
analytical Laboratories, Ann Arbor, Miell. Where analyses are indicated
only by symbols of the elements, analvtical results obtained for those ele-
ments were witlin =0.4% of the theoretical values. Ir spectra were taken
on a Perkin-Elmer 337 spectropbotometer. TDbe nur spectra were obtained
with a Varian A-60 spectrometer in CDCl; at a concentration of 109, with
TMS as internal reference. Thin layer cliromatograms (tle) were run
with 1-in. wide Eastman chromagrams, Type K301R, with fluorescence indi-
cator and spots detected with uv light. Chiromatograms of radioiodinated
compounds were scanned with an Atomic Associates RCS-363 radiochroma-
togram scanner. Tlie specific activities were determined with an Atomic
Associates well-scintillation counter Model 810C and scintillation spec-
trometer Model 580. Silicic acid used in the column chromatography was
Baker and Adamson reagens grade.

(16) The o,p’-aldehyde (Va) was prepared according to Horton, et al.,fan
the o,0’-aldelyde (Ve) was obtained from Aldrich Cliemnical Co., Milwaukee,
Wis.  53210.

(17) K. Y. Zee-Cheng and C. C. Cheng, J. Med. Phkarm. Chem., §, 1008
(1962).
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CH~CH.—X
1
Chemical shifis,
Yield, O]
Compel AN AMp, °C Amadyses 11, 11y,
Vi O11 a N2 4.47 4.0t
1y O11 Q780 as 4. 107 410
¢ (0211 G-G7 S ¢y 1 a0l 402
Vila (YT's 112 0-113. 07 ~G C, 1 472 4. 40
h OTx L1)-120¢ 3 1 (4. 1i-4. 18)
¢ T 112114~ 85 C/ L A 443
VIilla 1 h Dh G, H o 483 360
o 1 12(i--118¢ N7 ¢, 520 360

» Bp 157-138.3° (0,123 mm), s 168-174° (0.4 mun). * O.
Gruumitt, A. A. Arters, and J. A. Stewrns [J. Am. Chem. Soc.,
73, 1846 (1941)] reparted mp 98.5-90.3°.  » Recrystallized fram
MeOI-11.O. ¢ The deshielding effect of ortho-substituted
chlovine on henzylic protans has been nated previonsly: 1. 14,
Counzell and R. 2. Willette, J. Phaim. Sci., 55, 1012 (1964,
< Hecerystallized from Me,CO-H.O. 7 Bp 172-174° (0.7 uun).
v Recrystallized  from MesCO-c¢yelohexane.  * By 164-166°
(U 15 ). Maltiplet.

crude praduet priar to distillation shiowed the ratio of VIIIa to
1Xa ta he approximately 2: 1.
1,1-Bis(o-chlorophenyl)-2-iodoethane (VIII¢c).—A mixture of

Vile (1.6 g), KI (1.R g), and MeCN (40 wml) wns heated ta re-
flux and snflicient 11,0 was added to effect hamageneity. Gentle
reflix was continued far 4 days, whereupan the salvent was
rentaved by distillation in vacwo. The resalting solid was washed
(1H:0) and reerystallized fram Me.CO-1.0 ta affard pure VIIIe
(1.2 g), mp 126-128° (see Table 1),

1-(o-Chlorophenyl)~1-(p-chlorophenyl)-2-iodoethane-121,—-
A solntion of VIILa (0.20 g) and Na!®»I (2 inCi)® in Me,CO
(10 1wml) was stirred at the reflux temperature far 12 hr. The
Me.CO wax evaparated and the residue was dissalved in ether.
The ether salution was washed (H:0, twa 20-ml partions) and
dried (N2.80y), and the salvent was remaved in vacuo. The
residue was dissalved in hexane and chramatographed on silica
gel (20 g). The calumn was eluted with hexane-benzene (9:1)
and the radioactive fractions were callected. Reniaval of the
snlvent alforded radiolodinated VIITa (38.4 wmg) a=x a calarless
oil with a =pecific activity of 0.4 uCi/mg.  Chemical and radio-
chemical purity was established hy tle using hexane as the eluent.
Analysis under uv light vevealed a single xpat (#; 0.62) cainecident
with the single radianctive area shawn on a radiochromatagram
SCMIL

1,1-Bis(o-chlorophenyl)-2-iodoethane-'#T,--A salution of
VIe (0.1 g) and Nal (1 mCi)'® in Me,CO {7 ml) was stivred
and gently refluxed far 3 hr. The =alution was allowed ta caal
and pouved inta H.OD (23 ml), and the resulting precipitate was
calleeted by fillration.  The praduct wns washed well (1,0)
and dried to give 91 g, specific activity 0.89 wCij/img. Tle as
ahave gave a single spot (#; 0.38) caineident with the single
radionetive arean shawn on a radiochramatogran scan.
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In the course nf continuing study on oncalytic prop-
erties of compounds containing PNO and PNHCONO
groups®? it was thought that certain of these derivatives
might lead to interesting CNS activities.

An examination of 3e-g structures reveals the pres-
ence of both hypuotic-anticonvulsant pharmacophores
and the weak central depressant, urethan.  This sug-
gests that the derivatives miny he bioisosterie with,
and  possess mild  depressant  properties similar to.
thase of acvelic urcides.  These compounds were
cansequently tested far reduction in locomator activity
and pratective action against cleetroshack (Table 1),
The  former  screening  included the  phosphorous
triunides (4a, b) and triethyl phasphinyhidyuetri-
carbamate (3g).

Tane 1
Locanorar ActivITy PFECTS
AN ANTICONVULSANT PROPERTILS

Yy oleerease in Anli-
Nose, malor activily' cleetroshock ™
Componiel mu ke S0 min G0 min Y Dlock
e J00G N 3l
Ol Iy 7
ad s0u A1 4N S
e Lo L S 1
200 i7 (i7 1
of 400 04 KE; ROE
SO0 Bt A v
e R0u 24 11
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41 200 1Y) 40

« Iixpressed as the pereentage decerense in netivity from the
controls, * All control wmiee canvilsed, 2710 deaths. <010
deaths. #1710 deaths.

Estimations of toxicities? gave LD values of 350
(3e, 4b), 800 (4a), aud >1600 (B¢, d, ) mg/kg. The
anticipated  greater toxicity of phosphorous aver
phosphoric triamides, and chlorinated carbamate aver
urethan derivatives, was realized.

The greatest motor activity reduetion occurred with
thie most toxic derivatives (4a, b, 3e) at about 25 509
1.Ds. A comparisan between equidoses of 3¢, £, and
g indicates that twa ar three urethan moieties produce
a greater reduction in activity than one such group.
In addition, 3¢ and g were the only derivatives showing
appreciable induction lateney. Preliminary sereeuing
using five animals showed auticonvulsant activity in
all four phosphoric triamides containing urethan and
methoxyurea moieties.  The two most active, 3e and

{1) This investigation was shpported Ly Grant CA-08711 from the Na-

Gomal Cancer Insrionmre, 17020 Poblie 1oalch Servien,
12y For 1he provions piper, see Lo AL Coles ool Jo AL Nelson, JooPharm.

Netd, D Pross,
Sl AL Caces Jo Med Chea, 10, 920 51067,
17 CoS0 AVl Boaechvicos, 8, 249 (laids,



