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lated guinea pig ileum. The ilenm was suspended in Krebs-
Heuseleit solntio, aerated with 9597 O, and 5% CO;, and main-
tained at 37°. AcCh and nunknown drug were tested at minimal,
medinm, and submaximal concentrations as determiued prior
to the actual assay. The compounds were rui ou separate days
using different guinea pigs for each experiment. The data were
subjected to variance analysiz which showed that noune of the
compoliids altered the sensitivity of the tissue to AcCh.

Enzymology.—Euzynie-catalyzed hydrolysis of the compounds
and inhibition of ACh hydrolysis were determined at pH 7.5 by
titration of the liberated AcOH with NaOH solution (0.0065 N')
using a Sargent pH-Stat. Concentrations of substrate varyiug
from 1.0 to 5.0 X 10~¢ 3 were used in a medium consisting of
0.01 M MgCls, 0.1 M Na Cl, and 0.01 mg/ml of AChE for the
K deterntinations. Inhibitor concentrations were 3.0 X 1074 M.
The reaction rates were measured at 25° and were linear. A
graphic plot of 8717 vs. S provided K and K values. Compari-
sons of hydrolysis rates were carried out at 5.0 X 10—¢ M sub-
strate concentratiol.
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That enzymes capable of catalyzing reactions in-
volving P-N bonds occur in higher concentration in
cancer than in normal cells has been well established.?
These may be the same as, or closely related to,
phosphamidase which has been isolated from Escherichia
coli,* hog eve and beef spleen® Neither a natural
substrate nor a substrate-like inhibitor has been de-
termined for this enzyme. In the design of the latter
a common preliminary step is the selection of com-
pounds with high affinity for the enzyme receptor site
for alteration, if necessary, to produece increased
binding capacity.

There have been only 12 different P-N compounds,
excluding a few qualitative histochemicals,® previously
used to study phosphamidase preparations, including 2
phosphorodiamides and 5 substrates with unsubstituted
amido groups. This initial paper reports the examina-
tion of 25 P-N substrates of type =P(0)NH,, P(0)(OH
or OEt)NH,, and P(O)(\NH,), with 60 to 90 SAS beef
spleen fraction. Twenty-one of these have not been
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investigated previously with phosphamidase and 7 are
new chemical entities.

The only substrates subject to P-NH, hydrolysis by
the beef spleen preparation are certain triamides having
two unsubstituted amido groups and two phosphonic
diamides (XIII, XTV). Asshown in Table I, the order
of degree of hydrolysis is XVI > XIIT > XVIII >
XIX > XIV, XX > XXIII, XXV. With the tri-
amides XVI-XXIII, where the alkyl substituents
were N,N-Me,, N,N-Et;, N-Bu, N-hex, and N-cyclo-
hexyl, hydrolytic activity decreased with increasing
number of carbons. Loss of activity resulted when the
alkyl chain was lengthened to eight carbons (XXTI), when
a double bond was introduced (XVII), and when the
8 carbon atoms of XVIII were linked to give a pyrroli-
dine derivative (XXIV). Hydrolysis of the P-NH,
bond is, however, restored in the piperidyl homolog,
XXYV. The high activity of XIIT is especially interest-
ing since it contains a CICH,P(O) moiety, an analog of
the halomethylcarbonyl group which has been used as
a covalent bonder in the design of inhibitors.”

Since the ultimate goal of this continuing study is the
design of phosphamidase inhibitors, several substrates
were screened for this property. Representative in-
active compounds IV, V, X, XII, and XXIV did not
affect phosphoramidate cleavage at 12 mA{ whereas X1
and XV gave evidence of inhibition at this concentra-
tion, reducing N H; liberation by 509%;.

Although the P-NH, bond in XI was shown not to
be cleaved enzymatieally in this study it is used as a
histochemical substrate for the detection of phosphami-
dase.® This compound is probably cleaved preferen-
tially at the arvl N-P bond to phosphoramidie acid
which, in turn, is converted into H;PO, and NH;.
Under conditions herein reported this acid, being formed
in low concentration, is not appreciably acted upon.
Each of the triamides, as well as IX and XII, also
contains substituted amido groups subject to phos-
phamidase activity, and the short series of five N-
substituted phosphoramidic acids previously studied
with beef spleen preparation® does not permit the
relating of the effect of this substituent on enzymatic
activity. A future study in this series is expected to
vield more definite information concerning the effect
of N-substitution of phosphoramidic acid on enzyme
interaction. It may then be possible to devise a
substrate, 7.e., R(R or H)P(O)N(CH;). where R is an
optimal substituent(s), possessing high enzyme affinity.

Experimental Section

Chemistry.—Previously unreported XIII, XVII, and XX-
XXIV were prepared from the appropriate phosphorodichlori-
dates according to the procedure of Goehring and Niedenzu.?
Their elemental analyses (C, H, N) were obtained with Coleman
analyzers with the results being within #=0.49 of the theoretical
values and spectra using a Beckman IR-8 were as expected.
Melting points were determined on a Fisher-Johns apparatus and
are uncorrected. NH; (2.0-ml sample) was determined using
Couway microdiffusion dishes®® with Obrink modification.

Enzyme Studies.—Substrates I-XXV (0.012 M), 0.1 M acetate
buffer (pH 6.0), enzyme preparation 60 to 90 SAS 1.0 (EU)P4/ml,
and 0.02 M p-mercaptoethanol were incubated 10 miun at 37°
according to a previously described procedure.® Although this
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Compd I'ormula
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coneentration was shown not tu inhibit 1he euzyiue, each ineitba-
tion vessel also contained 207, propyvlene glyeol as a solvent for
all substrates except I, IT, VIIL, and X (H,0). All determination=
were made in duplieate.  Ouly two substrates were investigated
at one tine with standardization agaiust I each determination.
Controls and samples were treated identically except that the
enzyme preparation was added ta the fornter after incubation
and cooling.  Enzynie aetivity wax stopped by addition of an
equal volime of eold 1077 CLCCO:H,  Vessels were maintained
in an ice bath prior to, and after, incubation.  VIIT wax treated
with an equinmolay amonnt of NaoROy prior to inenbation. As a
trie coutrol I was treated with sufficient BaCls and NueSOy to
vield a correspnuding H.012 M concentration of Ba80,. Liberated
NHj ateributable to both chemienl and enzymatie hydrolvsix did
not exceed K0, of thenretical with any substrate,
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Although pentazocine (III. R = CH,CH=CJMey)
is now commerically available, the route for its syvn-
thesis has not been described in the chemieal literature!
except for the brief statement that “our svnthetic
procedure does not give the NV-methylbenzomorphan.””?

11y Heleium Parent 718,408 covering thie synthiesis has been issued Fely 13,
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The accompanying formulas where RX 1s Mel <how
Mayv’s original svnthesis of 6,7-benzomorphans.®  De-
methvlation of 11L, R = CH,, to produce 11T, R = H,
requires three steps.  Our modification utilizex benzyl
chloride for the quaternization of 34-lutidine. This
affords 2 more favorable ¢is:trans isomer ratio i I,

CH. CH,
CH CH MWe
7 cdgnar = OMe B
\T‘.,I - Vbt T
R R
! I
Nk
CH
CH
HO
Iifa, R=CH,

b, R=CH-CH

and the N-beuzy!l group is removed in one operation.
Alkylation of the vesulting base completes the syn-
thesis of pentazoeine.
Kametani and coworkers recently described* es-
sentially the same synthesiz ¢ia the benzyl route, but
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