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The syurhexis, dipnle niments, and pharmaenlogival properties nf five-, <ix-, amd =even-membered vyvlic ureax,
cyelie thioureas, and the enresponding N, N'-dimethylated campounds are reparted. The differcnice between
the ipnle moments in dioxane and benzene are much larger fur the nonmethyvlated than for the methylated vom-
poutds.  The sulfur eompoundx all have larger moment= than the correspouding nxygen cumpounds aud rhis
difference ix greater for the ring than for chain compouuds.  The reasous for these observativus are diseussed.
Four new compounds are reported. The ratios of the frequencies of their rarbonyl and thivearbouyt bands ix
greater for the unsubstitnted compounds than for the dimethylated compnunds.  The hydrogeu haunding in the
fuoruier which ix 1t possible it the latter i responsible fur the differenice.  The reason far the extrentely hygro-
<eopic character of the N, N'-cyclic ureas ix discussed.  The protous in the spzetrs uf the sulfur comp.unds appear
at a lower field than thise i the correspanding oxygen compounds indicating greater contributinns froun the
forus with a separation nf charge which was also indicated by the higher dipule moment=.  N,N'-Diuethyl-
tetramethylenethiorea wus= fouud 1o be the most pulent convukanut anioug the enmpounds stwlied aml mre
toxie than peutylenetetrazole an the baxis of niillimoles per kilogram required 1o kill 53007 nf the mice tested. It
raused clonic convulsion within 1 min and death in a few minutes after intraperituneal injection (100 mg/kg i
N, N’-Dimethyltrimethylenethivurea was found ro be the most potent respiratory <rnutlant in these series on the
haxix of millimoles per kilogram required 1o tuerease the rate of rexpiralion by 3077 i mice.  ITmtraperitoneal
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injectinn of 30 nig/kg inereased the respiration rate by .
of 12 mice pretreated with 60 mg/kg of sadium pentobarbital.

rate andd the sleeping time, respectively.

A mnmber of CNS depressant= have a nreide structure
and others have an imide structure.  These have in
connnon a resonaring strnetnre

SN > >N (-

A A

where A = O or», which ix alzo present in many CNS
stimndant=*=%  These drgs also have gronps sneh as
alkyl, alkenyl, or aryvl which can provide regions for
hydrophobice interaction and lipoid =olubility.  Some
have active hvdrogens that can hyvdrogen hond and
others do not,  Thercfore it = of interest to study the
physical und pharmacological properties of a serles of
cvelie nreas, evelie thioureas, and the corvesponding di-
niethylated compommds with Hve-. =ix-, and seven-
membered ring<.  All of these coutaim the resonating
strinctures, the dimethylated compounds do not have
active hydrogens while the others do, and the change in
ring size alters the dipole ntoment and the hydrophilic
cliiracter of the moleenles.

Experimental Section

The procedure of Allen, ¢f o™ was useil 1o prepare the vyelie
thivtwens whicrh were then desulfurize:t by the methud of Mecket!

c11 far Prom the PhoD. viesis ot 100 Lien, WN6G. Ly To wieea in-
spdries paneerning 1nis work soniil Le g:ldressed.
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vahies. " F. K. Beilsteiun, " Haudbuch der Organizehien Chemie,”
Val 24, 1936, p 4. < Faatnate b, p 3. 7 Ho K Hall, Jr., and
A K. Sehneider, /. tae Chem. Soc., 80, 6409 110581~ Fout-
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e give the carresponling vyelic ureas 1Table 1 Absuhitae
alcohul was used 1o extract the final produet which gzave hetter
results than vacuum disnllatint.

The four new compounds were made ax follows.

N,N’-Dimethyltrimethylenethiourea,-—N N '-Dimethyl-1,3-
propanediamine was treated with CS8, using the previous methoid!
with a reflux period uf 3 days.

N ,N’-Dimethyltetramethylenethiourea.— 1o 6.5 g of N, N'-
tetramethylenethiourea aud 4.9 g of NaH dispersion (56.89)
under Nz, 270 ml of freshly distilled dioxaue was added slowly
with stirring. The reuciinu mixture was maintained between
55-60° for 3 hr, then conled to rmom temperature, aud the flow
of N. was stopped.  Mel (50 g) was added, and the same tem-
perature was maintaiuned for another 2 hr. The clear super-
natant showed pH 7, and the precipitate of Nal was removed
by filtratiau, then triturated and washed with DMF, The
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solvent was removed, the residue was dissolved in boiling H,O,
and the mineral oil was removed with decolorizing charcoal.
‘The volume was reduced to 15 ml, aud 25 ml of dioxane was added
to precipitate Nal, TFiltration, removal of dioxane, and distilla-
tion gave 1.5 g of crude product, yield 18.8%, bp 96-136° (3 mm),
Repeated recrystallization from ether-heptane mixture gave the
pure product.

N,N’-Dimethyltrimethyleneurea and N,N’-Dimethyltetra-
methyleneurea,—The same procedure was used for the N N'-
dimethylated cyeclic 1reas as was used for N,N’-dimethyltetra-
methylenethiourea except the cyclic ureas were used as starting
material and a reflux period of 3 hr was used after addition of
Mel. After Nal and dioxane were removed the mineral oil
from the NaH separated wpon cooling. Fractional distillation
of the bottom layver gave the desired product.

The elementary analyses were done by the Microanalysis
Laboratory, Department of Chemistry, University of California.
The meltinig points were corrected. The dipole moments were
measured with a WTW dipole meter Model DMO1 using a DFL 2
cell. The method of Halverstadt and Kumler,!? programmed for
an IBM 1401 computer by Simpson,!* was used to calculate the
moments. The electronic polarizations were calculated from the
electron group refractions given by Smyth.!* Solute atomic
polarizations were neglected. The stundard errors in moments
were calcilated as before.®® Ir spectra were measured on a
Beckman IRS spectrophotometer either in KBr or in 0.5-1.5%
solution in CCly. The uv spectra were measured on a Cary
recording spectrometer Model 11 in solution in heptane, EtOH,
and H,0, aud the nmr spectra on a Varian A-60A spectrometer
sometimes using a time-averaging computer (CAT) C-1024
The position of the peaks are with reference to that of TMS.

Since not much pharmacological “'history'’ of these compounds
has been reporied in the literature, the "blind screening'' method
of Turner® was used. Groups of four Swiss Webster albino
mice, two niale and two female (25-27 g), were injected intra-
peritoueally with a series of logarithmic dosages, starting from
30 mg kg, and the symptoms were observed continuously for 2
hr, then at iutervals for 5 days. A 0.29 water solution was used
for dosage equal to or below 100 mg/kg; 207 solution was used
for dosage of 300 and 1000 mg/kg. For dosage higher than 1000
mg/kg, higher concentration and only two mice were used because
of the limited amouut n{ the compound available.

Results and Discussion

Table II gives the results of the dipole moment
measurements in dioxane and in benzene and the dif-
ference between the results in dioxane and benzene and
the difference between the moments of the S and O com-
pounds.

The difference between the moments in dioxane and
benzene are much larger, 1.07-1.60 D, for the non-
methylated compounds than for the dimethylated com-
pounds, 0.01-0.26 D. The difference for the nonmeth-
vlated sulfur compounds are all close to 1.1 D (1.09-
1.16), those for the dimethylated sulfur compounds
close to 0.2 D (0.13-0.26 D), those for the dimethylated
oxygen compounds elose to 0 (—0.01 to 0.06), and those
for the two nonmethylated oxygen compounds 1.07 and
1.62 D. The third nonmethylated oxygen compound
could not be measured in benzene because of low
solubility.

In seeking a reason for the large difference between
the moments in dioxane and benzene for the nonmethyl-
ated compounds compared with the dimethylated com-

(12) I. F. Halverstadt and W, D, Kumler, J. 4Am. Chem. Soc., 64, 2988
(1942).

(13) T. R. Simpson, Ph.D. Dissertation, University of California Medical
Center, San Francisco, Calif., 1964, p 126.

(14) C. P. Smyth, "Dielectric Behavior and Structure,” McGraw-Hill
Book Co., Inc., New York, N. Y., 1955, Chapter XIV,

(15) C, M. Lee and W. D. Kumler, J. Am. Chem. Soc., 88, 4586 (1961).

(16) R. A. Turner, "Screening Methods in Pharmacology,” Academic
Press Inc., New York and London, 1965, p 23.
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TasLe 11
,~———=Dipote moment (g), D=—————
Compd Dioxane Benzene Diff

N,N'-Ethyleneurea 4.01 £0.02 2.9440.02 1.07
N,N’-Trimethyleneurea 4.67 =0.04
N,N’-Tetramethyleneurea 4.43 =0.01 2.83 =0.02 1.60
N,N'-Ethylenethiourea 60 =0.02 4.51 =0.06 1.09
NN -Trimethylene-

[w1]

thiourea 5.79+0.05 4.6940.06 1.10
N, N’-Tetramethylene-
thiolirea 5.36 =0.02 4.20=%=0.02 1.16
N,N’-Dimethylethylene-
urea 4.09=0.01 4.05=%=0.01 0.04
N,N’-Dimethyltrimeth-
yleneurea 4,23 £0.01 4.17x=0.01 0.06
N,N’-Dimethyltetra-
methyleneurea 3.75+0.02 3.76 =0.01 —0.01
N,N’-Dimethylethylene-
thiourea 5.32+0.02 5,19 =0.01 0.13
N,N’-Dimethyltrimeth-
vlenethiourea 5.63+=0.02 5.48 +=0.01 0.15
N,N'-Dimethyltetra-
methylenethiourea 5.29 £0.02 5.03 £0.01 0.26
wreeem——-—-—Dipoie moment (4), D——————
Ring ~—-—=—-Dioxane——— ~———-—-Benzeng———
members s (6] Diff 3 (6] Diff
Unsubstituted
Five 5.60 4.01 1.59 4.51 2.94 1.57
Six 5.79  4.67 1.12  4.69
Seven 5.36 4.43 093 420 2.83 1.37
Dimethyl
Five 53.32 4.09 1.23  5.19 4.05 1.14
Six 5.63 4.23 1.40 5.48 4.17 1.31
Seven H.29  3.75 1.54 5.03 3.76 1.27

pounds, the fact that the former can hydrogen bond and
the latter cannot is pertinent. A possible explanation
is that in benzene one is actually measuring a mixture of
a monomer and a hydrogen-bonded dimer which has a
lower moment, while in dioxane the dimers are broken
up by the solvent. This explanation does not seem
valid, however, because if it were so the dielectrie con-
stant—weight fraction plots would not be straight lines
and pains were taken to have the solutions dilute enough
so these plots were straight lines.

A more reasonable way of accounting for the observa-
tion is that the local dipoles of the dioxaune can get closer
to the dipoles in the nonmethylated compounds and in-
crease the contributions of the forms with a separation
of charge, thus giving rise to a higher observed moment.
The local dipoles of dioxane are more effective in polariz-
ing the nonmethylated compounds than for the dimeth-
vlated ones. The fact that the differences between the
moments in dioxane and benzene are greater for the
dimethyl sulfur compounds than for the dimethyl oxy-
gen compounds lends support to this view because sulfur
is inherently more polarizable than oxygen.

The cyelic sulfur compounds all have higher moments
than the corresponding oxygen compounds, and the dif-
ferences here are considerably greater, 0.93-1.59 D,
than was the difference between the moments of urea
and thiourea, Ag = 0.33 D, The reason sulfur com-
pounds of this type have higher moments than the
corresponding oxygen compounds have been discussed
previously,®1? and is due in the sulfur compounds to the

(17) W. D, Kumler and G. M. Fohlen, J. Am. Chem. Soc., 64, 1944 (1942)

(18) H. G. Mantner and W. D, Kumler, {bid., T8, 97 (1956).
(19) C. M, Lee and W, K. Kumler, J. Org. Chem., 37, 2052 (1962).
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labilization of the ground state due to ‘strain’ in the
thiocarbonyl group and stabilization of the activated
state through acceptance of electrons i the 3d orbitals.
These effeets are enhanced in the cyelic compounds be-
anse of the assistanee they give to flatness and this i
effeet 1s greatest for the five-, less for the =ix-, and =till
less for the seven-membered rings. The Ap from S to O
m dioxane for the five-, six-, and seven-membered rings
are, in this order, namely, 1.59, 1.12, and 0.93 D.

The contribution of the dipolar strnetures to nren and
thiourea was previonsly estimated at 20 and 30607
The contribution of the dipolar form to the structure of
N N'-trimethylenethionrea  ean be  calenlated usiny
Paling’s equation® Dy = Iy — (I — Dyfl.sd(n —
1) 0.54n — 0.16], and the X-ray ervstallographic data?!
for the (=% and ¢ ~N bond dixtances in thix molecule.
The vahie of 2, the boud number. comes out 1.3 for the
(“-=% bond und 1.7 for the 4+ N bond thns indieating n
70¢¢ contributian from the resonating forms with a
scparation of charge.  ‘The large contribution of thesc
forinz = responsible for the observed bond dixtances in
N N'-trimethylencthionrea and the larger dipole mo-
ment=of the sultur compomnds compared with the corre-
sponding oxygen componnds,

The order of the difference hetween the moments of
the sulhinr and oxygen componnd for the dimethylated
componnd ix the reverse of that for the unsnbstituted
compounds, being 123, 140, and 1.54 D for the five-.
six-, uid seven-membered  dimethylated ring  com-
pounds, respectively.  The nwjor reduetion in moment
on dimethylation oceurs with the six- and =even-mem-
bered ring oxygen compomds and only small changes
oceir with the others.  The smaller effeet shown by the
<ulfur compounds iz probably dne to the faet that, al-
though sulfur is lavger and therefore more =terie hin-
dranee i= expected, the lack of coplanarity may rednce
the contribution of the dipolar forms fess in case of the
sulfine compounds than o enxe of the oxygen com-
pounds sinee it hax been =hown that the sp—-3d orbital
bonding?? 1z mnch lesxs zensitive to the angle of ratation
from coplanarity than ix the 2p-2p 7 bonding present in
the oxyvgen compomds. A\ slight inercase i moment
on dimethylation in the caze of the five-membered rmg
oxygen compound ix probably the result of the methyl
gronps =tabilizing the forns with a separation of charge
beeause of their ability to sapply electrons and no
sterie hindrance = present that wonld prevent coplanar-
ity becanse of the more favorable angles in the five-
metibered ring.

Ir Spectra. -—-The ratios of peoo veog vary from 1.35
10 1.38 for the mm=ubstituted componnds and from 1.21
to 1.27 for the dimethylated compaunds,  The reason
for this differcnee 1s imdoubtedly the hydrogen bonding
that ix known to be present i the unsubstituted car-
bamoy! and thiocarbamoyl compounds®® and not in the
methylated ones. Sinee it is known that hydrogen
bonding decreases the earbamoyl and thiocarbamoyl
frequencies, the fact that the ratio of ve—o/ve—s 18 larger
for the unsnbstituted compounds suggests that the

/20y L. Panling, "The Naaire ol ¢he Clenical Dond,” anl ed, Caruell
I"niversity Press, Ithaca, N. Y., 1960, pp 221-235.

21y LW, llas and N R. Truter, Arte Cryst,, 17, 937 119641,

1221 (L (L Price arnl #. Qae, ' 8nllur Donding,” Ronalil Press Cn.. New
Viork. N V. 1462, p 5.

23y M. L Kraekaor, € AL Lee, anil H. G, Mantner, J. 1o, Chem. Soc..
87, 8u2 « 1063,
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hydrogen bouding deereases the thiocarbamoyl fre-
quency more than it does the carbamoyl frequeney,
it spite of the fuet that the hydrogen bond ix stronger
in the (=0 than in the C==8 conmponds. The ¢S
bond i+ weaker. 128 keal mole, than the C= O bond
1166-179 keal moley and any constraint wonbl have
nmelt more effeet an the C==8 than an the C+0 hond.
If thix effeet = greater than the effeet of tl inerensed
strength of the hvdrogen bond ta the (= 0L then the
riatio will be Targer n the unsubstitntted eomponnds s
observed,

We were not able to get the N, N'-dimethylated eyelie
nreas free of an O-H band i the 3200-3600-cm !
region, - Foven nearefully dried freshly distilled sample
between NaCl plates gave a weak band in thix region
and on expo=ure ta the air for 15 min this band grew
i size to cqual that for the C-H band,  Thix hygro-
scopietty 1= evidence nf the great tendeney of the oxygen
i these compounds to form hydrogen bonds with water.

Uv Spectra. - The evelic nrens awl (limethyloreas
have no absorption peak between 225-400 mg.  Cyelie
thioureax were found by others® to have o Ay, that -
creased from 235 1) 252 mu ax the ring =ize nereased
from 5 to 7 but on further mereaxing the ring stze to 11
the N staved in the range 234 270,

Pimited data on the Ave-membered ring componnd
have been published ™ All three componnds have two
strong bandx in heptane and a <hoolder at long wave-
length,  These bands appear 1 be similar to those
found i tetramethylthiourea® ¥ at 220, 2620 and 330
my and probably arise from <imilar transitions,

Nmr Spectra. - Al of the protons on the suliur
compounds appear at a lower field than those on the
corresponding oxyvgen conmpounds. Thix 1= explainable
m terms of <ulfur baving o Ligher electron density than
oxveen i these componuds, thus cansing the netglibor-
ing methylene and N-methyt gronp= to he move electron
deficient and their stunnls to appear at lower fields
The N--H bands are broad dne i part 1o coupling with
nitrogen.®”  The sharpuess of the methylene peaks of
the five-memhered ring compoimds are indieative of
methylene protons being equivalent and of the wmole
cnles being flat. The evidence rrom nmr that the =ui-
fur hax a higher cleetron density i= i keeping with the
findings that thie =nlfur componnds had higher dipole
rantents and greater contvibutions from forms with o
=cparativn of charge.

Respiratory and Other CNS Effects. - Respivatory
stinmlation was obzerved for all of the compounds
studied exeept Tor ethylenenren and trimethylencuaren,
which were haetive as respiratory stimulants at o dose
as bigh oz 4 ke, A eomponent of sedation was ob-
served for every compound at different dosage levels
except NN =dimethyltetramethylenethionren.  which
showed transienty =<timulation, then sedation at 30
g/ kg, bnt only stimulation was observed at 75 my, kg.

Clonie convulsions were observed for tetramethyl-
eneurea (4 g kg). N,N’-dimethyltetramethyleneinen

o Jaussen, dhidd,, T9, 454 119601,

1275 ML L. lanssen, dhid,, TS, 463 (1960).

981 R. M. Silverstein aml G. (", Bassler. "Speccrmnetrie Lilemifieaiinn ot
Organie Componnlds,” 2wl printing, lobun Wiley awl Sons, Ine., New York.
N.YL 1964, 174,

P29y R. H. Bille, “Imerpreratinn ol NMR Speerra,” Plenimn Press, New
Yaork, NLY L0650 1 67
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TasLg I11

MorecuLar WeIGHT, DipoLE MoMeENT (1), MEDIAN EFFECTIVE Dose (EDg

), AND MEeDpIsN LETHAL Dost (LDj) oF THE CycLic

TUreas, AND THE N, N’-DiMETHYLATED COMPOUNDS

(CHZ )n

VAR
RN XNR
N

— ED:q ——————LDip = —
Compd Mol wt u, D mg, kg (mmoles/kg) mg, kg (inmotes/kg)

R=H A=0

n =2 86.1 4.01 &= 0.02e >4000 (>46.5)

n=3 100.1 4.67 = 0.04 >4000 (>40.0)

n =4 114.1 4.43 = 0.01 2760 (24.2 &= 1.64%) 2840 (24,9 £ 1.09%)
R=H A=8

n =2 102.2 5.60 = 0.02 605 {14.2 = 0.78) >2000 (>19.6)

n =23 116.2 5.79 = 0.05 900 (extrapolated) (T.T»' = 0.28) H60 (4.8 &= 0.20)

n =4 130.2 5.36 = 0.02 330 (extrapolated) 4.1 .37) 215 (1.7 %= 0.11)
R=CH;;A=0

n =2 114.2 4.09 &= 0.01 1300 (11.4 &= 1.42) 2840 1249 &= 1.09)

n =3 128 .2 4.23 = 0.01 900 (7.0 £ 1.38) 1300 (10.1 £ 0.47)

n =4 142.2 3.7 £ 0.02 3000 (extrapolated) (21.1 &= 11.5) 700 (4.9 &= 0.36)
R=CH;A="%

n =2 130.2 5.32 = 0.02 30.5 (0.23 = 0.01) 175 (1.3 £ 0.06)

n =3 144 .2 H.H6 = 0.02 10 (0.07 &= 0.002) 118 (0.8 &= 0.03)

n =4 1h8.3 5.29 = 0.02 32 (0.20 &= 0.003) 82 (0.5 &= 0.01)

e Standard error. ? One standard deviation.
(1 g/keg), and all of the thiourea derivatives except groups of 12 Swiss Webster niice (both sexes, weighing

ethylenethiourea. The dosage for the thioureas caus-
ing convulsion was 1 g/kg for trimethylenethiourea,
300 mg/kg for tetramethylenethiourea and N,N'-di-
methylethylenethiourea, 100 mg/kg for N,N’-dimethyl-
trimethy lenethiourea, and 75 mg/kg for N,N'-di-
methyltetramethylenethiourea, respectively.

Ataxia was observed for ethylenethiourea (2 g/kg)
and N,N’-dimethylethyleneurea (2 g/kg). Initial stim-
ulation of respiration followed by progressive depression
of respiration, diaphragmatic respiration, and finally
asphyxia were observed for N, N’'-dimethyItrimethylene-
urea (2 g/kg).

The median effective dose (EDj), which was arbi-
trarily defined as the dose required to increase the
respiration rate by 509, the median lethal dose
(ILDsy), the dipole moment, and the molecular weight
are summarized in Table III. The ED;, and LDy, were
obtaimed by the graphic calculation of Miller and
Tainter,30

Among these compounds, N,N’-dimethyltrimethyl-
enethiourea is the most potent respiratory stimulant;
it increased the respiration rate by 509, at 10 mg/kg
(0.07 mmole/kg); its LD;/EDjs is 11.5. N,N’-Di-
methyltetramethylenethiourea is the most potent con-
vulsant with an LDs of 79 mg/kg (0.5 mmole/kg).
This compound is more toxic than pentylenetetrazole
which has an LD; of 92 mg/kg (0.67 mmole/kg) in
mice by intraperitoneal injection.?!

Analeptic Action.—Since N N’-dimethyltrimethyl-
enethiourea was the most potent respiratory stimulant
in the series studied, it was chosen for further study
against the CNS depression of barbiturate. Two

(30) L. C. Miller and M. L. Tainter, Proc. Soc. Ezptl. Biol. Med., 87, 261
(1944).

(31) C. D. Barnes and L. G. Eltherington,
Animals,”
1964,

"Drug Dosage in Laboratory
TUniversity of California Press, Berkeley and Los Angeles, Catif.,

2527 g) were injected with sodium pentobarbital (60
mg/kg) intraperitoneally.?? To one group. 30 mg/kg
of N,N'-dimethyltrimethylenethiourea was given by
the same route 10 min after the mjection of sodium
pentobarbital. The respiration rate counted at 20
min after the injection of pentobarbital and the sleeping
time, which was defined as the interval between the loss
and the spontaneous return of the righting reflex,® are
summarized in Table IV.

TasLe IV

ANALEPTIC EFFEcT OF N, N'-DIMETHYLTRIMETHYLENETHIOUREA
1IN Mice PRETREATED WITH S0DIUM PENTOBARBITAL

Resp
Drug(s) injected raie, Sleeping
Group (mg kg) times /min time, min
A Sodium pentobarbital 89 £ 10" 54 %= 14+
(60)
B Sodium pentobarbital
(60) + N,N-dimethyltri- 135 =32, 39 = 10,

methylenethiourea (30) 152 1285,
2 957 confidence limits using Student’s ¢ distribution,

The data show that in mice pretreated with pento-
barbital (60 mg/kg) the respiration rate was increased
about 529, (P < 0.01), aud the sleeping time was
shortened about 289, (P < 0.10) by N,N’-dimethyl-
trimethylenethiourea (30 mg/kg). This compound
failed to antagonize the pentobarbital-caused CNS
depression in Sprague—Dawley rats or in guinea pigs
and the respiratory depression in these animals caused
by morphine.

(32) F. H. Shaw, S. E. Simon, N, Cass, and Shulman, Nature, 174, 403
(1954).

(33) E. T. Kimura and R. K. Riclards, Arch. Intern. Pharmacodyn., 110,
31 (1957).
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Figure 1.-—Plot of 10/log LD (Qumoles/kg) X 107 vs, the
molecular weight, T = 10/log [LD; (mmoles/kg} = 1 standard
deviatinn X 10?.
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Figure 2.—Plot of 10/log [ED; (mmoles/kg) X 102 ¢s. the
dipole moment. I = 10/log [LD; (mmoles/kg) = 1 standard
deviation X 102},

Structure—Activity Relationship.—Aniong this wide
spectrum of activity some correlations with the strue-
ture can be made. First of all, in a homologous series
the acute lethal toxicity was found to be related to the
molecular weight. The plots of 10/1log [LDs (mmoles/
kg) x 10%] vs. the molecular weight were straight lines
for three series (see Figure 1). This can be explained
since it a homologous series of compounds the lipid/
water partition coefficient increases as the molecular
weight increases, and this appears to be the determining
factor for the acute lethal toxicity either due to CNS
depression or stimulation in the series of compounds
we =tndied.

Vol. 11

Addition of one methylene group in the ring nicreases
the toxieity two- to threefold. N,N’-Dimethylation
inereases the toxicity four- to sixfold. The sulfur
compounds are abont 11 to 25 times more toxie than
the corresponding oxygen compounds.

Second, for the N,N'-dimethylated componnds, the
respiratory stimulation activity wax found to be related
to the dipole moment of the molecule, the best-fitted
line of the plots of 10/log[ EDge (mmwoles/kg) X 10*] e,
dipole moment u had a positive sign for the slope.  For
the nonmethylated =ulfiur compounds, the sign for the
slope of the line was negative (see I'igiure 2).

I'or the N.N’-dimethylated compounds the sedation
obzerved may possibly be due to the demethylated
produets, but frther stndy is needed to establish
whether this is true.

The lack of activity for ethyleneurea and trimethyl-
enenrea can be attributed to their low liptd/water parti-
tion cocfficients, since their dipole moments could not be
measured or barely measured in benzene and dioxane
(more waterlike =olvent) had to he nsed.

It ix known that nonalkylated amides are less soluble
in water than the mono- aud dialkylated amides because
they form so many and such strong hydrogen bonds
among themselves that the interaction with the water
when placed it i= not strong enough to break up the
ervstal. A nonpolar solvent would have less effect
than water.  The dialkylamides do not have any hydro-
gens which can farm hydrogen bonds so the intermo-
leenlar forces ave weak and only axygen and nitrogen
atims are available to hydrogen bond with the hydro-
gen of water. The faet that the dialkylamides have a
mmeh higher water solubility than the nonalleylated
amides does not mean that nonalkylated amides wilt not
have a lower lipid ‘water partition coeflicient because
the =olnbility in lipid will certainly be much less for the
nonalkylated amides than their solubilityin water.  The
fuct that water =olubility goes dialkyvl- > monoalkyl- >
nonalkyvlamides does not mean that their lipid/water
partition coefficients arc the reverse, but their lipid “wa-
ter partition coefficients conld very well be and are n
fact likelv to be tn the ratio dialkyl > monoalkyl >
nonalkyl.  One may convinee himself by comparing
the log P values (P = the partition coefficient in
T-octanol/water) of N-phenyl-N'-dimethyhirea (0.98)
and N-pheuyl-N"-methylirea (0.42).%

If we examine the plots of 10/ 1og ED;o 5. u, the dif-
ferent signs for the slopes of the plots suggest that dif-
ferent types of hinding with the receptors may be -
volved. Conceivably, dipole-dipole interaction is nper-
ating for the dimethylated compounds, and hydrogen
bonding is nperating for the nonmethylated componnds.
A higher dipole moment of a molecule would certainly
lead to a better dipole-dipole interaction with the recep-
tor. Careful examination of the plots shawed that all
of the five-membered rings fell below the line.  Thix
may be due to inadeguate lipid “water partition tn allow
them to get to the site of uction and/or due to inade-
quate hydrophobic interaction with the receptor.

TFor hydrogen bonding. o higher dipole moment
would cause the >NH hydrogen to be more electron
deficient, and the >C==8 gronping to have a higher

(34) Prolessor (. MHauseh, privace ronunnnivatiou,
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electron density; these two effects would provide a
stronger hydrogen bond. Sinece hydrogen bonding
tends to stabilize the conformation of a receptor, it
would then compensate the effect caused by the hy-
drophobic interaction of the alkylene group; conse-
quently, less stimulation would be observed.
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Epimeric 2-methyl-3-phenyl-3-carbethoxy-2-azabicyclo[2.2.1]heptanes were elaborated from N, O,0-tritosyl-

hydroxyprolinol, and the stereochemistry was determined from physicochemical studies.

The benzoquinone-

induced writhing test indicated the endo-phenyl epimer to be twice as potent as meperidine and six times more

potent than the exo isomer,

In terms of brain coucentrations, however, the endo-exo potency ratio is 3.7, Evi-

dence is presented which quantitatively relates difference in brain levels between the epimers to their partition

coefficients.

The large difference in geometry between the exo and endo epimers suggests that their comparable

activities are due to differing modes of interaction with analgetic receptors.

The importance of steric factors on the action of
strong analgetics has received considerable attention.*
Most of the research in this area has been focused on
the relationship between absolute stereochemistry of
conformationally mobile compounds and analgetic
activity. While it is generally believed that differ-
ences in potencies which are observed with enantiomeric
analgetics are a consequence of events at the receptor
level, the role of conformational factors in influencing
analgetic activity has remained controversial.t?

The recognition® of the structural relationship be-
tween morphine and meperidine led to the postulate’
that the axial-phenyl conformer of meperidine would
be expected to ‘fit” the receptor surface better than
the equatorial conformer. This conclusion was based
on the known conformation® of the phenylpiperidine
moiety in morphine, which contains an aromatic group
that is held rigidly in an axial position relative to the
piperidine ring,

Evidence consistent with this view? was obtained
from the stereostructure-activity relationship of pro-
dine diastereomers. As it was known?® that g-prodine
is more potent than the « isomer, it was concluded that
this was because the conformational equilibrium for

(1) Previous paper: P. S, Portoghese, T. L. Pazdernik, W. L. Kuhn, G.
Hite, and A. Shafi'ee, J. Med. Chem., 11, 12 (1968).

(2) Previous paper: P. 8, Portoghese and A. A. Mikhail, J. Org. Chem., 81,
1059 (19686).

(3) (a) A preliminary report of some of this material was reported by
P. 8. Portoghese, H. J. Kupferberg, and A. A. Mikhail, Pharmacologist, 8,
191 (1968). (b) Presented before the symposium on Newer Analgetiecs and
Narcotic Antagonists of the Medicinal Chemistry Section, 153rd National
Meeting of the American Chemical Society, Miami Beach, Fla., April 9-14,
1967.

(4) P. S. Portoghese, J. Pharm. Sci., 85, 865 (1966), and references cited
therein.

(5) P. 8. Portoghese, J. Med. Chem., 8, 609 (1965).

(8) O. Schaumann, Arch. Ezptl. Pathol. Pharmakol., 196, 109 (1940).

(7) A. H. Beckett and A. F. Casy in " Progress in Medicinal Chemistry,”
Vol. 4, G. P. Ellis and G. B. West, Ed., Butterworth and Co. Ltd., 1965, p
171, and references cited therein.

(8) M. Mackay and D. C. Hodgkin, J. Chem. Soc., 3261 (1955).

(9) A. Ziering, A, Motchane, and J. Lee, J. Org. Chem., 22, 1521 (1957),

the former analgetic favors more of the axial species
than the latter,

On the other hand, the work of Ziering, et al.,® sug-
gested that the steric relationship of the phenyl group
with respect to the piperidine ring is of minimal im-
portance. This was supported by the fact that the
3-ethyl analogs show a reversal in the potency ratio
when compared to the prodines. Since modification
of the 3 substituent from methyl to ethvl to allyl
should cause only minor changes in the conformational
equilibria, this suggests that other overriding factors
are responsible for the differences in poteney between
cis and frans racemates in the prodine series. This is
supported further by a recent study? on the brain con-
centrations of «- and §-prodine in rats. It has been
found that higher brain levels of 8-prodine fully account
for the observed difference in potency®!! between the
« and 8 isomers,

Analysis of the stereostructure—activity relationship
of other conformationally mobile, prodine-type!*—14
analgetics also suggested* that both equatorial- and
axial-phenyl conformations have the ability to produce
comparable analgetic activity.

The question of the identity of a favorable pharmaco-
phoric conformation for the piperidine ring in 4-phenyl-
piperidine analgetics also remains unanswered. The
work of Bell and Archer'®!® on the analgetically active
tropane analog (1) of meperidine suggests that this
compound may exist primarily in the boat conformation.

Although the above analyses suggest that the con-
formational requirements of the aromatic group in 4-

(10) H.J. Kupferberg and P. 3. Portoghese, unpublished data.

(11) N. B. Eddy, H. Halbach, and O. J. Braenden, Buill. World Health
Organ,, 14, 363 (1956).

(12) 1. N. Nazarov, N. S, Postakov, and N, 1. Shvetson, Zh, Obshch,
Khim., 36, 2798 (1956).

(13) N. 8. Postakov, B. E. Zaitsev, N. M. Mikhailova, and N. N. Mik-
heeva, ibid., 34, 463 (1964).

(14) O. 1. Sorokin, Iz¢. Akad. Nauk SSSR, 460 (1961),

(15) M. R. Bell and 8. Archer, J, Am. Chem. Soc., 82, 4638 (1960).

(18) M. R. Bell and S. Archer, ibid., 82, 151 (1960).



