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The solntion was stirred for 10 min wirh slight caoling »ud then
a sobition of 1.4 g (0.006 mole) of nren i 1oml of 1O and 3
drops of concentrated 1Cl wax ndded. The reaction solution
was immediately ponred mto 150 ml of ecold Hy() and extracted
(litOAe). The FtOAc solntion was partially dried by filtering
throngh (aSO, and encngh petroleum ether was added to force
1.0 and a brown tar out of solution. The EtOAc-petrolennt
cther sobitton was decanted fromn H.O and tar and clanded with
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more perrolemn ether and allowed o erystallize at Dy Tee
tenperasture.  Properties of the praduct are listed in Table 1.

N,N-Bis|2-( p-toluenesulfonoxy )ethyl]-p-nitrosoaniline (21 i
N,N-Bis2-(p-tolienesulfonoxy Jethyl]aniline®s wus nitrasated by
a mixture of AcOH and 6 NV HCI and worked np br the usmal
way.* The crmde product was reerystallized frovm absolute
EtOH to give a 7597 yield of pure 21 as a green powder, mp
HT-18% dee. Anal (CyHwN0.8:) ¢ 11 N,
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The isomers of 3- and 4-sithstitnted cyclohexyl phosphates were syuthesized for examination of the binding

sites of thymidylate =xynthetase.

chloridate gave c¢is-3-diphenylphosphoryieyelohexanecarboxylic acid (5a).
followed by NH,OII gave cis-3-carbamoylevelohexyl diphenyl phosphare (5b).
s-N-acerylearbamoyleyclohexyl diphenyl phosphate (5¢).
phenyl phosphate (5d) was accomplished by treating the acid chloride of 5a with nrex.
genolysis of the diphenyl phosphates 5b-d vielded the respective phosphates 1b-d.
(2b-d), cis-4 (3b-d), and mixed c/s-frans-4 (4b-d) phosphates were prepared by the same sequence.

cis-3-Hydroxyeycelohexanecarboxylie neid treated with diphenylphosphoro-

Snbsequent trealment with SOCL
Acetylation of 8b gave cis-
The =ynthesis of e¢/s-3-allophanoylicyelohexyl di-
Pt-catalvzed hydro-
The corresponding trans-3
The phos-

phates were found to be weak thibitors of thymidylate synthetase; highest activity resided in cis-4-N-acetyl-
carbanoyleyelohexyl phoxpliate (3¢) and crs-4-allophanoylevelohexyl phosphate (3d).

The commonest approacl to the design of enzymatic
inhibitors is based oun analogs of the nutural metabolites
of the particular cuzyme.  While there is 1o question of
the produetivity of this approach, the metabolite varia-
tions that can be designed as potential inhibitors are
limited and in many cases the svnthesis becomes ex-
tremely laborions.

Another approach to the design of enzyine inhib-
itors that is unlimited in scope can be built on the prem-
1se that the most important features in specific en-
zymatic binding reside in a maximuin of two or three
portions of 1 molecule, and the remainder of the mole-
cule 1s a template strneture holding the correet charge
sitex n the proper spatial arrangement.  Binding to
the euzyme throngh these charge sites of the molecule
relies on attractive forees such as exist between unlike
charges. either dipoles or ion—ion pairs, hvdrophobic
bonding, or other physicochemical cohesive forees.?  An
essentinl to binding is that these sites of the molecnle
are held i1 the correet steric-—-spatial relationship with-
out sterie interference of approach to the enzyvine.

Tu an attempt to examine these postulates initial
studies were directed to the inhibition of thymidylate
synthetase, the enzyme ecatalyzing the conversion of
2'-deoxyuridine 5’-phosphate to thymidine 3'-phos-
phate.®  Previons studies by many investigators have

(1) Thkis work was supporred by u T'utilic lealth Serviee predoctoral
fellowslip 5-11-CA-20.336 to EAC and by Crants CA5639 and 1K3-CA-
10,739 frow Wbe National Cancer Institutes, National Institutes of Healtl.
Alatracted in part from the Plh.D. thesis of It. A, . sulimitted te the
Ciraduate Scliool, Universiry of Wausas,

12) For furtlier consideration of atvractive forces letween molecules
partienlarly as applied to enzymatic hinding see: (a) 3. R. Baker, " Desizu
of Active-Site-Dirceted Irreversible I'nzyme Inhibitars,' Jlohn Wiley and
Sons, Ine.,, New York, N. Y., 1967: (b) I. Levden Webb, "Enzyme and
Metabolic Inlibitors,” Val. I. Academnic Press, New York, N. Y., 1963.

(3) (a) M. Friedkin, .Ann. Rev. Btochem., 82, 185 (1963): (b) R. L.
Llakely, B. V. Ramasastri, and B. M, MeDougall, J. Biol, Chem., 288, 3077
(1963); (c) P. Reves and C. Heidelberger, 3ol. Fharmacol., 1, 14 (1860,
(1) M, J. 3. Lomax and G. R. Greenberg, J. Btol. Chem., 242, 1302 (1067
te) B J. Pustore and M, Iriedkin, ¢bid., 287, 3802 (1962).

demonstrated that the phosphate group 18 essential for
binding. In addition, studies reported on azapyrimidine
nueleotides aud 3-fluoro- or H-trifluoro-2’-deoxynridine
d’-pliosphates suggest a requirement for an acidie fune-
tion (pK, = 9.5 to ~7.0) at the N3H-C,0 portion of the
pyrimidine ving.#* The correet spatial relationship of
these two moieties for maximum binding has not been
stndied.  Assuming the syn or ant? configuration for the
pyrimidine ring aud the fact that the 5'-phosphate 1s
theoretically freely rotating, several possible spatial ar-
rangementts ean be formulated. Using the substrate
2’-deoxynridine 5’-phosphate as the model, with a fully
extended phosphate the syn and aents pyrimidine ring
confignrations show wu range of 6.4-7.6 A between the
ceuter of the P atom and the center of N-3. 3

For the preliminary studies this range of 6.4-7.6 A be-
tween the acidie function and a phosphate was selected.
The models nsed were cyvelohexyl phosphates snbsti-
tuted s or (rans at positions 3 or 4: compounds 1b-d.
2b-d. 3b-d, :.nd 4b-d. The substitnents nsed at these
positions were the amide which is nentral and shonld be
iaetive, the N-acetylamide, and the acylcarbamate
group, both of which are weakly acidic.  Although the
1 3-trans and the 1,4-cis systems are flexible, the dis-
tances between the ionizable NH and the P atom in
these models, assuming extended phosphate and anude
groups, are estimated to be 6.0 kN (1,3-trans), 6.4 A
(1.3-¢is), 6.8 K\ (1,4-cis), and 7.2 A (1, 4-trans).

Catalytic hydrogenation of m-hvdroxybenzoic acid®
has afforded mainly e¢7s-3-hvdroxyeyelohexanecarbox-
viie acid.  On the basis of more recent favorable results

) C. Neidetlierger, Peogr. Nueleie Aciht Hes. Mol. Biol,, 4, 1 (1965).

5) (a) A. Finhorn, Ann,, 281, 301 (1896); (b) W. H. Perkin and .
Tattersall, J. Chem, Soe., 91, 486 (1907); (c) E. J. Boorman and R. I'.
Linstead, 1544, 258 (1935); (d) D. 8. Noyce and D. B. Denney, JJ. AMm.
Chem. Soc., T4, 4912 (1952); (e) M. Kilpatrick and J. G. Morse, thid., 75,
184G (1953); (f) 1), S. Noyee and H. J. Weingarten, ibid., 79, 3098 (1977
(g) H. O, Hoase, H, Bahad, R. B. Toothill, and A. W. Noltes, J. Org. Chem.,
27, 4141 (19582).

’
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using Rh catalvsts,® the hydrogenation of m-hydroxy-
henzoic acid was conducted with Rh on alumina in
absolute FtOH. The mixture was found to contain
cvelohexanecarboxyvlie acid in addition to the expected
trans and cis isomers. The cis isomer was obtained in
209 vields on repeated recrystallization. The hydro-
genolysis side reaction to produce cyclohexanecarbox-
viie acid was also found when Noyee and Denney® em-
ploved Pt in the same reduction.

The trans isomer was obtained from the solid residue
of the rednction mixture by treatment with p-toluene-
sulfonic acid. The ¢is 1somer formed the lactone; the
trans isomer was separated from this mixture by extrac-
tion with NaHCO; and repeated recrystallization. The
ervstalline  c¢is-3-hydroxycyelohexanecarboxylic  acid
was treated with diphenylphosphorochloridate and
pyridine to give a svrup which on column chromatag-
raphy vielded 469, of the desired diphenyiphosphoryl
ester 5a and 389 of the lactone. The reaction products
were easily identified after separation since the acid C=0
of 5a appeared at 1710 em~—! while the lactoue C=0 ap-
peared at 1800 cm—!. Support for maintenance of the
cis stereochemistry in the phosphate ester 5a was derived
from the nmr spectrum where the axial methine proton
at the 3 position of the ring appeared as a broad peak at
4.60 ppm (W, = 20 Hz). The corresponding peak in
the nmr spectrum of the trans isomer was seen at 5.10
(W.,, = 12 Hz) which represents an average of the two
chair forms of the trans systeni.

The corresponding acid chloride of 5a was obtained by
treatment of e¢is-3-diphenviphosphorvleyclohexanecar-
boxylic acid with SOCl..  The reaction progress was fol-
lowed by ir speetra where the acid C=0 at 1710 em ™!
was shifted to 1795 em~—L

Amide formation was effected by adding the acid
chloride directly to NH,OH which afforded an over-all
vield from the acid to the amide 5b of 289 ; the cis ste-
reochemistry of 5b wus coufirmed by nmu.

Tran formation of the amide 5b to the mixed imide
5¢ in 609, vield was accomplished by the method of
Hurd and Prapas,” using Ac.O and H.SO; at high tem-
peratures. As in the case of 5b, ¢is stereochemistry was
confirmed by the phosphoryl ester CH of §¢ appearing
at 4.60 ppm (W., = 20 Hz). Reaction of the acid
chloride with urea without solvent gave the acyvlurea 5d.
The nmr spectrum of the 3-CH of 5d was at 4.60 ppm
(W., = 20 Hz) again coufirming the cis stereochem-
istry.

Removal of the phenyl protecting groups to give the
amide (1b), acylearbamoyl (1¢), and acvlcarbamate (1d)
phosphates proceeded smoothly in all cases véa hydro-
genolysis catalyzed by Pt.2 The phosphates were ob-
tained as clear, glassy, semisolids which crystallized
upon washing with Et,0. Stable NHy salts were pre-
pared by freeze drving the phosphates from dilute
NH.OH.

Preparation of the trans series (6a—d) (Table I) pro-
ceeded in a rontine manner using the same procedures
employed in the ¢is series. The trans stereochemistry
of the dipheuyiphosphoryl compounds 6a-d was sup-
ported by the 3-CH seen at 5.1 ppm (W, = 12 Hz).

(6) A. W, Burgstahler and Z. J. Bitlies, J. 4Am. Chem. Soc., 82, 5466
(196G0).

(7) C. D. Hurd and A. G. Prapas, J. Org. Chem., 24, 388 (1959).

18) J. L. Barnwell, W, A, Sa¢uders, and R. W, Watson, Can. J. Chem.,
83, 711 (1955H).
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Hydrogenolysis of the phenyl protecting groups was
again condueted using Pt in EtOH to yield quantita-
tively the three desired phosphates, 2b—d (Table IT) or
their NHy salts,

COR COR

-0
-0

OPO4CH.). OPO.H.
5 1
COR COR
OPOL(CH.), OPO.H
6 2
COR COR
OPOB(C(,H; )1 OPO(H.'
3

COR

~ )z -
|
~ -

OPO(CH,), OPO,H.
8 4

a, R=OH ¢ R=NHCOCH,
b, R=NH, d. R=NHCONH,

Comparison of the nmr spectra of the respective 1,3-
cts (5) and -trans (6) isomers in more detail brings ont
the following observations, The deshielded CH adja-
cent to the phosphate was shifted further downfield in
the trans series by about 0.4-0.5 ppm which is indicative
of a predominance of conformation 9 although the peak
half-width of 12 Hz shows substantial ring flip to confor-
mation 10. In addition the CH. envelope seen in the
nmr of the trans series is much sharper than that seen in
the ¢is series, which is further support for the presence of
the two conformers, 9 and 10, at room temperature.

0
l[) _OCH,
PN
0C,H.
0 5 . C“H"O\P/O
A ~
M COR cH0” | COR
0
9 10

This interconversion would be expected, as the free-
energy difference between the two conformers should be
only about 0.5 keal/mole based on values for conforma-
tional preference of CO;H and OH.®* In view of the
broad CH, envelope in the nmr spectra of the ¢is isomers
they probably exist almost exclusively in the diequa-
torial conformation at room temperature.

(9) E. L. Eliel, N. L, Allinger, 8. J. Angyal, and G. A. Morrison, ''Con-
formational Analysis,” Interscience Publishers, Inc., New York, N. Y.,
1965, p 433.
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Ihiystean Conxeanrs or Srs=nrr iy CycroneNte Dipnexye 'oson oy res

ot
N

Na. Ixonier N

Ja Becls 0l]

Sl BN NH,

e B=Cis NHCOCIH;
ad BEUN NHCONI1I,
0O H=lrans OH

il Selrans NH.

e O=lray s NHCOCTH;
U D=lrans NHCONIT,
Ta Fe/n OH

h doprs NH.

7 d-e/s NHCOCH;
7d d-cls NHCONH-.
Na d-cis-lrans O

S d-crs-trans NH.

Se d-cis-lrans NHCOCH;,
Sd A-cis-lrans NHCONII

11 enled, 5540 found, 5.05.
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TaBLE 11

T'ivsteat CoNsTANTS OF SUBSTITUTED CYCLOHEXYL PrOSITIATES®

H_,O'PO‘@

No. Isomer R
1h 3-ci's NH.
le 3-¢ls NHCOCH;
1d 3-cis NHCONH;
2D 3-lrans NH.
e B-leans NHCOCH;
2d B-lrans NHCONH.
3D d-crs NH.
He A-cis NHCOCH;
sd d-pin NHCONH.
41 d-cis-lrans NH;
4¢ d-cis-trans NTHCOCIH;
4d L-cis-trans NHCONT.

* Method I' was nsed for synrhesis. b ("

The isomeric mixture of cis- and {rans-4-hyvdroxy-
cyelohexanecarboxylic acid was prepaved as in the case
of the 1,3 series by Rh-catalyzed reduetion. After re-
erystallization, the ¢zs 1somer was separated as the lac-
toue formed by dehydration with p-tolnencsulfonic acid.
After bicarbonate extraction, alkaline hydrolysis of the
residual lactone and recrvstaliization afforded pure cis-
+-hvdroxyeyelohexauecarboxylic acid.”  In contrast to
the 1,3 series, the bicarbonate extraets of the dehydra-
tion mixture afforded a mixture of the desired trans-4-
hydroxyeyelohexanecarboxylic acid contaminated by
appreciable amounts of mixed esters (11) from both cis-
and frans-hydroxy acids.

HO-O—COO»O—COOH
11

The czs-1,4-hydroxy acid was converted to the re-
spective diphenyl phosphates 7a—d by procedures used
in the synthesis of 5b—d. The mixed isomers, ¢is- and
lrans-4-diphenyl phosphates 8a-d, were also prepared
aceording to the sequence used in §b—d (Table I).

Hydrogenolysis of 7b—d yielded the respective phos-

caled, 30.54; found, 51,11, < H:

A Cullyoulr 11
I3 CpllnNODP LN
¢ CaHaNOP 1LO ¢, 1N
b ('*.'-,-“.':;-\.:( !’ ( N. Pl
A CollyOgl? ¢
B CyoHeeNOLIY ¢, I, N, I
- Coy e N O 001TLO ¢, 10, N
It Ca T NLOLP ¢ 1IN D
A Clly 0P [GARE!
I3
C
D]
A CyaHyOuP - O 11
3 ) HauNOD ¢, 1, N
¢ CallaNOGP N
b Cay TN Qg COILN
COR
Foermela Analyses
C:HuNOyP - XH.0 N,/P1.04

CoH)sNOgP - XH.0
CsH);N.O:P - XHLO
C:HuNOP

CoHiNOGP - N Hy - X0
CaH NGO XTLO
C:HuNOP 2N H; - 21,0
CoHisNOgP - 2N ;- 2H,0

NP 0,90
NP 2.05
C,H, N

NP 2,08
NP 109
1, N:
C, N; H-

()N 0P ¢, H. N
CiHN OGP N - XTLO N.P2.02
CoTeNOsP 2N - N1LO NEEHNE

CoHyNOl" - CuHLOH N
calad, Y620 found, 8.07.

phates 3b-d and similarly the 8b-d series gave 4b-d
isolated asx the free phosphates or the NH, =altsw
(Table I1).

The nmr spectrum of the lactone of ¢/s-4-hydroxy-
cyelohexaneearboxylic aeid showed the 4-proton at 4.89
ppm (W, = 7 Hz); hyvdroly=is to the acid moved the 4-
proton upfield to 3.60 ppm (W, = 12 Hz). The iso-
mer mixture, cis-trans-t-hydroxyeyvelohexuanecarboxylic
acid, showed two slightly overlapping peaks for the 4-
protons.  The low-field peak (3.60 ppm. W, = 12 Hz)
is from the crs-4-proton and the upfield peak centered at
3.30 ppm (W, == 20 Hz) ix therefore assigued to the
trans-4-proton which from the relative chemieal shift
and half Dand width is the expected d-axial proton.
The integrated wreas show the mixture to be approxi-
mately 50:50 = 1097 cis-: rans--hydroxyvevclohexane-
carboxvlic actd.  This mixture was used as sueh i the
svithesis of 8a-d und therefore the phosphates 4b-d arve
presumed to be composed of 40-609; trans isomer with
the remainder ¢is.

101 Llemental analysis of thie pliospliates or their N Hy salts proved dif-
ficult due to tle persistence of polylivdrates even after long dryinyg in hixh
vacuune  For this reason thie NP ratio derived fromu elemenynt anulyvsis wis
sred often as the cviteyjn of pority.
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Biological Results.—The results of inhibition of
thymidylate synthetase are recorded in Table III as
the hibitor:substrate (2'-deoxyuridine 5’-phosphate)
ratio necessary to achieve 509 inhibition of the rate of

Tasye 111
INHIBITION OF THYMIDYLATE SYNTHETASEY BY SUBSTITUTED
CyCcLOHEXYL PHOSPHATES

e —— (L1718 1)0 50— —
Mixed
isomers
~50%
1,3-cix 1.3-trans 1,4-c1s 1,4-trans
R (1) 2) 3) 4)
NH; (b) 1270 650 610 1360
NHCOCH; (¢) 340 320 190 190
NHCONH, (d) 280 180 180 260

« The rate of the enzymatic reaction was monitored at 340 my,
a measure of the formation of dihydrofolic acid. Inhibitors were
dissolved in H;O. The reference used lacked only the substrate.
2'-Deoxynridine H'-monophosphate was present in 4.8 X 107 1/
concentration. The enzyme sonurce was E. coli B.  ? ([I]/[S])o.s
refers to the ratio of the molar concentrations of the inhibitor
and substrate necessary for 509; inhibition. The values were
obtained by plotting [I] zs. enzymatic rate for a range of con-
centrations of inhibitor and where necessary extrapolating to
50¢ inhibition.

enzymatic formation of thymidylic acid.?!' To elimi-
nate the possibility of one-point binding as the mode of
inhibition of thymidylate synthetase, models of this
series of compounds coutaining either the phosphate or
acylurea groups were examined. Both trifluoroacetyl-
urea and cvelohexylcarboxylurea showed a very low
order of inhibition with an ({I]/{S])os greater than
500.12  Cyclohexyl phosphate!? showed an ([1]/[S])o,; of
1250.

Examination of the results show, in general, a low
order of activity. However, a comparison within this
series reveals several differences. An extremely low
order of activity, probably through one-point binding,
is seen in the amide series 1b, 2b, 3b, and 4b. Con-
version to the more acidie N-acylamides lc, 2e¢, 3¢, and
4¢ gives a two- to eightfold increase in activity. The
acylureas of the 1,3 series (1d and 2d) are slightly more
active than the imides 1e and 2e. However the acyl-
ureas 3d and 4d show the same order of activity as the
imides 3¢ and 4c.

Examination of the relative distances encountered in
the acylamide ¢ and acylurea series d shows the 1,3-
{rans to be more effective than the 1,3-cis while a higher
order of activity resides in the 1,4 series. Although the
results are somewhat inconclusive, it would appear from
the relative concentrations for 509 inhibition, the 1,4
mixed isomers (4) have approximately the same activ-
ity as the 1,4-¢is-3. It can therefore be assumed that
the 1,4-trans system is no more effective than the 1,4-css.

The low order of activity in these compounds would
suggest nonspecific binding and the resultant poor in-
hibition. However, from the model studies on one-
point binding, the predictable requirement for the acidic

(11) Methods for the assay35 were tlie same as those reported previously:

M. P. Mertes and N. R. Patel, J. Med. Chem., 9, 868 (1966). A Gilford
multiple-sample absorption spectrophotometer was used with a full scale
setting of 0.0-0.1 absorbance units,

(12) Solutions in DMSO were examined. Insolubility at concentrations
greater than 103 A in the assay media necessitated an estimation of the
(111/18e.s value. .

(13) H. A. C. Montgomery and J. H. Turnbull, J. Chem. Soc., 1963
(1958).

CYCLOHEXYL- AND 2’-DEOXYURIDINE-TYPE PHOSPHATES 831

function and the phosphate for two-point binding found
n series € and d contrasted to the probable single-point
binding in the neutral amide, =eries b, ix confirmed by
the relative activities.

Experimental Section

Nmr spectra were obtained on Varian A-60 and A-60 A instru-
ments (MeSi as standard). Ir spectra were obtained on Beck-
man IR-8 and IR-10 instruments. All melting points were ob-
tained on a calibrated Thomas-Hoover capillary melting point
apparatus. Tle were run nsing Eastman silica gel chromatogram
sheets and column chromatography was done vsing Brinkman
silica gel (0.05-0.20 mm). Elemental analyses were condncted
by Midwest Microlabs, Indianapolis, Ind.; Huffman Laboratories,
Wheatridge, Colo.: and on an F and M 185 instroment, University
of Kansas. Except where indicated analyses were within £=0.49.

cis=3=Diphenylphosphorylcyclohexanecarboxylic  Acid (5a).
Method A.—A solution of 12,5 ¢ (0.087 mole) of eis-3-hydroxy-
eyvelohexanecarboxylic acid in 20 ml of C;ILN was cooled to 0°
in an ice bath and 23.4 g (0.087 mole) of diphenviphosphoro-
chloridate was added dropwise. A white precipitate formed and
the resulting mixture was stirred overnight at 25°.  The reaction
mixture was poured into 200 ml of ice-1:0 and extracted with
CHCl;. The CHCI; extract was dried (MgSO,), filtered, and
evaporated n vacuo to give a yellow syrup which was chromato-
graphed on 80 g of silica gel. Elution with CsHs afforded 4.7 g
(38%) of the lactone of 3-hydroxyeyclohexanecarboxylic acid,
mp 115° (it.%e mp 120°), ir (CCly) 1800 em~! Elution with
Et,0-Ce¢Hs (1:1) afforded 15.0 g (469%) of the desired product
5a, ir (lignid film) and nmr as expected. Anal. (C1oH2OsP) C, H.

cis=-3-Carbamoylcyclohexyl Diphenyl Phosphate (5b). Method
B.—A solntion of 12.4 g (0.03 mole) of 5a in 20 ml of SOCI, was
stirred at 25° overnight with exclusion of moisture.  The resnlt-
ing clear solution was subjected to aspirator vacuinm with slight
warming to remove excess SOCl: and the residve was added to an
ice-cooled solution of 100 ml of conceuntrated NH,OH. The
mixture was allowed to warm to 25° over 1 hr, then diluted with
H;0 to 200 ml. The H,O mixture was then extracted with six
100-ml portions of EtOAc aud the combined extracts were dried
(MgSOy). Filtration and evaporation of the filtrate in vacuo
afforded 8.0 g of a syrup which solidified and was recrystallized
from EtOAc to give 3.5 g (287% ) of the produiet 5b as a white solid,
mp 119-120°, ir and nmr as expected. .dnal. (C)yH::NO.P)
C,H N, P

cis=-3-N-Acetylcarbamoylcyclohexyl Diphenyl Phosphate (5¢).
Method C.—Following the procednre of Hurd and Prapas,” a
solution of 3.30 g (0.009 mole) of 5b in 2.50 g (0.024 mole) of
AcyO was treated with 5 drops of 11,80, and heated at 140° for
5 min. The resulting light brown solntion was poured into 80 ml
of ice-H,O and the mixtnre was extracted with four 50-ml por-
tions of EtOAc. The combined EtOAC extracts were dried
(MgSO,) and filtered, and the filtrate was evaporated to give 3.6 g
of a yellow syrup. This material was dissolved in Et.0, washed
with five 25-ml portions of H,O, and dried (MgS0Q,), and the
solvent was removed to give 2.4 g of 5¢ (629 ) as a light yellow
syrip, ir and nmr as expected. Anal. Caled (C; HuNO,P-H:0)
C H,N.

cis=3-Allophanoylcyclohexyt Diphenyl Phosphate (5d). Method
D.—A solution of 4.61 g (0.01 mole) of 5a in 6.0 g (0.05 mole)
of SOCI. was stirred at 25° overnight with exclnsion of moisture.
The resnlting clear solution was subjected to aspirator vacinm
with slight warming to remove excess SOCI, leaving 5.0 g of oil
(iry liquid film 1795 em~!). This oil was treated with 2.9 g (0.05
mole) of urea with warming at 50-60° for 2 days. The resulting
brown mass was dissolved in CHCI; and the solution was washed
with H,O and dried (Na,SO;). Filtration aud evaporation of the
filtrate afforded 2.5 g (499 ) of 5d as abrown syrnp. Purification
was carried out by colnmn chromatography on silica gel with
elution of the product in 29, MeOH-CHClI;; ir and nmr as ex-
pected. Anal. (CoH:sN.OgP) C, N, P; H: caled, 5.54; fonnd,
5.95.

cis=3-Carbamoylcyclohexyl Phosphate (1b). Method F.—A
solution of 0.20 g (0.0005 mole) of §b in 20 ml of absolute EtOH
was added to a stirred suspension of 0.35 g of prereduced Pt in
100 ml of absolute EtOH and the resulting mixture was subjected
to 1 atm of H, at 25° for 3.5 hr. The catalyst was removed by
filtration, and the filtrate was evaporated ¢n vacuo at room tem-
perature and washed with Et;0 to give a quantitative yield of the
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product 1b us o highly Invgroscapic solid, nmr (DMSO-ds) as
expected, Anal. (C;HLNO;P-XH.0) N/P: caled, 1.00; fonmnd,
1.04.

The N1l salt of 1b was prepared by dissolving the phosplate in
several milliliters of 297 NH.O11 and freeze drying to a white
powder.  Anal, {C;ITNOT-2NH - NTILOY N P culed, 3.00;
fonnd, 2,08,

trans=3-Allophanoylcyclohexyl Diphenyl Phosphate :i6d;.
Method E.~-A solution of 1.0 g (0.0026 mole) of irans-3-diphenyl-
phosphoryleyclohexavecarboxylic acid (6a) in 25 nl of anhydrons
Cells was treated with 0.4 g (0.0032 mole) of oxalyl ehiloride at
25° After the ivitial effervescence lind subsided tlps reaction
mixtie was stirvved overnight at 25°, eated for 1 Iir at 60°, and
evaporated in vacuo to give a syrup.  The syrp was then treated
with 0.50 g (0.008 mole) of vrea at $5° for 2 days.  The resnlting
brown mass was partitioned between IEtOAc and M0 and the
I1tOAc extracts were dried (MgSO,). Snbsequent filtration and
evaporation afforded 1.0 g (909 ) of the desired product (6d) as an
tmpure brown oil.  Purification was accomplished on siliea using
20 MeOMH-CHCly as the eluent; ir (liquid fihn) aund mur as
expected. Anal. Caled (CooHuN:OsP) C, I1, N, 1.

Trifluoroacetylurea.-—Urea (26 g, 0.44 mole) was dissolved it
100 ml of CF,COOH, and 93 g (0.44 mole) of (CFCO RO and
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0.0 ml of TLsO, were added. The sabition was hieoted (o L1007
Jor 1 and stirred at 25° for 2 hr, and 500 ml of 1,0 was added.
The solid prodnet was collected and recrystallized from FtOTT; mys
IN4-186° .t isoes, taal. (Cal N0 C 1L, N

Cyclohexylcarboxylurea,-Cyclohexylearbaxylic aeid 12 2, 16
nnolesT was stireed with 15 ml of SOCL overnight. The <o
tton was evaporated taa thick svmp and heated ta 70° for 1 day
witht 2 g (35 mmalest of uren. Upon the additian of 50 ml of 11,0
wosolid formed whicl) was filtered and dried to vield 2.26 ¢ of the
product {83¢05 which was recrystallized frane FnOTT: nip 250
2020 el CALNLOG COTL N
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A Physicochemical Model for the Mechanism of
Action of Antihistaminics and Cortisol
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The mechanism of action of antihistaminies and cortisol has been studied ut the moleenlar level using “conpled”
io-exchange membraue electrodes on an /n wiiro system cousisting of bovine serum albnmin as the receptor and
varions antihistaminies aud cortisol as competitors.  The data obtained indicate that, when the antihistaminic
conrcenration is above a critical valne (1 X 1074 .1/), histamine doex not induce those changex in hovine sermn
albumin which are necessary for an interaction. At the =ame time, strincetural analogs without antihistaminie
activities have shown no influence on the binding of histamine, when tested in the same experimental conditions.
Furthermore, the access of histamine to the biopolymer ix inhibited by molar coneentrations of antihistaminies
which closely approximate those previously fonud for inorganic monovalent ions. The correlation between ionice
strength and antihistaminic action is discissed i 1emus of o stabilizing effect of the antihistaminic on a given
conformation of the biopolymer. This conformation ix nnable ta bind histamine. When antihistaminics are
replaced by cortisol, this steroid prevents the bindivg of hixtamine to the macroion at molarities at which abii-
histaminics show no effect.  In fact, nuder the suine experimental conditions, cortisol i more effective by a factor
of 10 than antihistamiuies in stabilizing that conformation of the Diopolyiter which does 1ot interact with

histamine.

The investigation of pharmacological problems has
been greatly aided by the study of model systems nsing
a purely physicochemical approach. This is particularly
true for the mechanism of action of antihistaminies.
AMany of the mechanisms postulated! may be tested
at the molecular level using a synthetic in vitio systeni.
Even though the model system is merely a method for
visualizing a problem in simpler molecular terms and
is not an attempt to reproduce physiological condi-
tions, 1t can serve the purpose of eliminating those
mechanisms which violate the principles obtained from
these studies.

Iier’s considerations® on the interatomic distances in
the cortisol and histamine molecules and theoretical
speenlations ou a possible competition between the two
as an explanation of the role of cortisol in controlling
the mflammatory response have found experimental
support in the electrochemical data presented in this
paper. We have demonstrated that an electrostatic
competition between cortisol and histamine does occur
and no binding of histamine to the macroion takes

(1) 1I'. B. Marshall, Brit. J. Pharmacol, 10, 270 (1955).
() L. B. Kier, J. Med, Chem., 11, 915 (1968).

place in the presence of a given molar eoncentration
vf cortisol.

It 1 commonly believed! that the autihistaminies
function by competing with histamine for a specific
receptor site on a protein. This receptor is ill defined
and has not, ax yet, been isolated or identified.

On the assnmption? that proteim-drug interaction
produces a change in the strncture of the biopolymer
and consequently a variation in the mean iome activity
of the =aline medium, poteutiometric measurements
have been carried out by means of “coupled” iou-
exchange membrane electrodes previously described.*
This new technique is useful for the study of unstablc
biologically important compounds and of hiopolymer~
which nndergo conformational changes.”

(3) (a) E. J. Arieus, Mol. Phurmmcol., 1, 246 (19641); (1) Advan. Dy
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208 (1967).

(3) (a) C. Botré, 8. Llorghi, M. Marehetti, and M. Batmann, Biopolymers,
4, 1046 (1966); (L) ibid., §, 483 (1067); () C. Botré', M. Marchetti, aud
X. Borghi, Biochym. Biophkys. Acta, 184, 360 (1968): (d) L. Bolis, C. Botré,
N. Borghi, and M. Marclhetti in "Membrane Models and the Formation o)
Biological Membranes,” 1. Bolis and B. A. Pethica, Ed., North-Hollanl
Publishing Cu., Amsterdam, 1968: (e) C. Botré, Farmaco, Fd., Sci.. 5, {11
(1968).



