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(—)-Phenampromide has been related to ( R)-N-phenylalanine whose configuration was established by observ-
ing the steric course of displacement reactionus of aniline on (8)-2-bromopropionate at different aniline concen-

trations.

Phenampromide (I)! is a relatively new, potent
analgetic which miay be cousidered structurally related
to isoniethadone. As in the case of (—)-isoniethadone
(XVII),* (—)-phenampromide® has greater analgetic
potency thau its (+)-eunantionier.!

We recently have determined* the coufiguration of
certain basic anilide analgeties (II and III)*¢ which
bear somewhat of a structural similarity to methadoue.
Our results were quite unexpected as, unlike the metha-
done analgetics,” the more active enantiomners of II and
IIT are related to (S)-alanine.

These results have prompted us to deteriine the con-
figuration of (—)-phenampromide to see whether this
analgetic 1s stereochemically related to (S)-isometha-
done (XVII). We wish to report the chemical trans-
formations which permit assignnient of this structure as
(R)-N-(1-methyl-2-piperidinoethyl) propionanilide (IV).5

CeHsT—COCzHB

CHRCHR'R?
I, R =Me; R'= H; R? = NC;Hy,
1II, R = H; R! = Me; R? = N(Me)CH,CsH;
IIL, R = H; R! = Me; R? = N(Me)CH,CH.CsH;
(C6H5)?C‘:'—COC'¢H5
CHRCHRN(CH;),

isomethadone, R = Me; R! = H
methadoue, R = H; R! = Jle

Our first approach involved the preparation of the
(S)-bromoamide VIII, which we hoped to transform
into the anilino derivative XIII, »ia an SN2 displace-
ment reaction with aniline. Since our starting mate-

(1) W. B, Wright, Jr., H. J. Brabander, and R. A, Hardy, Jr.. J. Org.
Chem., 26, 476 (1961).

(2) D. G. Leimbach and N. B. Eddy, J. Pkarmacol. Ezptl. Therap.,
110, 133 (1954).

(3) Both the base and the corresponding hydrochloride salt are levo-
rotatory.

(4) P. S. Portoghese and D. L. Larson, J. Pharm. Sci., 88, 302 (1964).

(5y W. B. Wright, Jr., and R. A. Hardy, Jr.. J. Med. Chem., 6, 128
(1963).

(6) W. BB, Wright, Jr., H. J. Brabander, and R. A, Hardy, Jr.. J. Org.
Chem., 26, 485 (1961).

(7) A. H. Beckett in '"'Progressin Drug Research,” Vol.1, E. Jucker, Ed.,
Birkhauser Verlag, Basel, 1959, p. 435.

(8) For a preliminary report on this work see, P. S. Portoghese, Chem.
Ind. (London), 582 (1964).
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rial, (S)-2-bromopropionic acid (V),? is optically labile,
we prepared the acid chloride VII by treating the so-
diuni salt VI with oxalyl chloride at 0°. This then was
converted en situ to VIII, {a]p +81.6° which sub-
sequently was transforuied, under various conditions,
to the anilino amide XIII. As the stereochemnical
course of sinilar reactions is known to proceed with in-
version!® of configuration, the anilino compound should
be in the (R) series. In these experiments, however,
the low rotation, {a]p —2°1 of the product XIII sug-
gested that a substantial aniount of racemization had
occurred during this inversion step. We turned, there-
fore, to an alternate route which would afford XIII i a
high degree of optical purity.

CeHsNCOC:H; COR
HmC4Me Br»>C<H
?Hz CHs
N V,R=0OH
[;j VI, R=0"Na~
VII, R=Cl
v VIII, R = NCsH,o

A compound which can be transformed iuto phen-
ampromide is N-phenylalanine (IX).'? We have pre-
pared IX fromn 2-chloropropionic acid and auiline. The
spectral characteristics of this amiino acid are of in-
terest. An infrared spectrum of IX i absolute ethanol
shows a band at 5.75 u, indicating the preseuce of an
un-ionized carboxyl group. The fact that the ultra-
violet spectrum of IX is superimiposable with that of its
methyl ester XV also supports the presence of an uu-
lonized species in solution. If the zwitteriouic form of
IX had been present, it should have shown a hypso-
chromic shift'® when couipared to XV. Iuterestingly,
a solid state (mull) infrared spectrumn displays an ab-

(9) 8. J. Fu, 8. M. Birnbaum, and J. P. Greenstein, J. Am. Chem. Soc.,
76, 6054 (1954).

(10) W. A, Cowdry, E. D. Hughes, and C. K. Ingold, J. Chem. Sec., 1208
(1937).

(11) This represents the maximum rotation obtained.

(12) H. Tiemann, Ber., 18, 2034 (1882).

(13) W. D. Kumler and L. A, Strait, J. Am. Chem. Soc., 65, 2349 (1943).
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sorption at 6.30 u which corresponds to carboxylate

anion.  This indicates that ouly in the erystalline state
1s IX preseut as the zwitterion,
Although most resolution procedures have em-

ployed N-acylated amino acids to promote salt forma-
tion with optically active bases,!* the preceding spectral
data suggested that the negatively substituted uitrogen
of IX would not he basic enough to prevent salt forma-
tion with a basic resolving agent.

The deracemization of IX was accomplished by frac-
tional crystallization of its quinine salt from methanol-
acetone,  Ou the first crystallization, the salt crystal-
lized in the form of large trichnic crystale,  Reerystal-
lization altered neither the optical rotation nor the
melting point of the material.  Regeneration of the
amino aeid from the quinine salt afforded (4)-N-
phenylalanine (IXa), {«]p +71°.

VI
. ~-
vure or " Y~ 0.1 CHsNH,
COOH /4 M CgH:NH, \ COOH
Hm C<NHCsH, CeH;HN™ CH
CH, CH,
INa, R(+) IXb, 8(—)

Our configurational assigimuent of (4)-N-phenyl-
alauine (1Xa) is based upon the conclusions of Cowdrey,
et al., who have rigorously established the mechanisu
and steric course of displaceuent reactions ou optically
active sodium  2-bromopropionate (VI). When VI
was heated 1 pure aniline, partially racemic IXa, [y
+28.5°, was produced. Carrying out the reaction of
0.1 3 VI in 4 M methanolie aniline likewise afforded
I1Xa, [a]p 4+7.0°. When the concentration of aniline
was reduced to 0.1 A/, the partially racemic enantio-
meric product IXb, [a]p —9.0°, was formed.

The aforementioned results are cousistent with the
established stereochemical course of displacement reac-
tions on VI.® Iu both pure or 4 1/ aniline the net
effect 1s inversion due to SN2 attack by aniline.  How-
ever, in 0.1 37 aniline there is net retention of configura-
tion due to neighboring carboxylate anion participation.
Sinee VI 18 known to have the (S) configuration,?® an
Sx2 displacement by aniline should afford a product in
the (R) series. Thus, (4)-N-phenylalanine is repre-
sented by formula 1Xa and possesses the (R) configura-
tion. The coutiguration of {—)-phenampromide (IV)
was established by transforming R(-+)-N-phenyl-
alanine (IXa) to the diamine XIV, obtained from the
hydrolysis of TV.

In preliminary experimerts, we found that piperi-
dinolysis of the racemic ester XV produced a small
quantity of racemic XIII ouly on prolonged heating at
100°. Sinee a substauntial amount of racemization
could oceur uuder such conditions, we employed a less
direct route to eusure the optical purity of XIII.
Stirring a mixture of (R)-N-phenylalanine and benzyl
chloroformate i1 aqueous sodiuin bicarbonate solution
for 13 hr. afforded the carbobenzoxy derivative X, [«
—36.8°, which was couverted to its sodium salt by
titration with methanolic sodium methoxide. Addi-

(14) J. P, Greenstein and M. Winitz, ''Chewmistry of the Aniino Acids,”
Vol. 1, John Wiley and Sons, Inc., New York, N. Y., 1961, p. 513,

(15) For a preliminary report on this wark see, P. 8. Portoghese, .J. Pharm.
Sey., B3, 228 (1964).

Vol. 8
CO%Mems COOH g,
cBa1 o anaon ,
IXa ————— H-.(_‘<:\\ 2. C10.C1, H»C‘I\\
CHs CoHs CH, CeH-
s X1
HNCaH,,
¥
OCNCsHio OC::NCSHw
LaH N H, d : /CBz
CH; (‘sz CsHx
XIII X1
NCsHio
CH: CeHsNH
: N ; H.,50,
H»-C<NH—-CiH, =—//—— H» C-=CH, Iv
: XIV f
CHs X Ci,
NCsHuo

tion of an cquivalent quantity of oxalyl chloride to u
cooled suspeusion of the sodium salt in ether afforded
the acid chiloride XI, which was then treated i silu
with 2 equiv. of piperidine.  Chromatographic purifica-
tion of the crude product yielded XII, [a]p —60°.
The infraved specteum of XIT is identical with that of
the racemie compound which waz prepared by treating
racemtie XIIL with benzyl ehloroforimate.

COCH, (CH,CHCO 10

CHNHGH, \[ K

CH, CH, OBy
NS NVI

During the chromatographic purification of XII, an
oily fraction was isolated which displaved iufrared ab-
sorption bands at 5,40, 5.60, and 5.85 u.  The speetral
data are cousistent with structure XVI, which can
artse by the interaction of the sodium salt of X with the
acid chloride XI. Little if any anhvdride XVI was
detected 11 preliminary  experiments with racemic
nmaterial.  We attribute this to the difference in solu-
bility between the racemice and optically active sodiuiu
salts of X, the latter having greater solubility m cther
due to the presence of impurities.

Catalytic hydrogenolysis of XII afforded XIII, |«jv
—13°, whose infrared spectruin is identical with that of
the racenie compound.! The (—) rotation of XIIJ
corroborates our configurational assigimment of (4)-N-
phenylalanine.  Assuming XIIT to be optically pure,
the partially racemic XIII, [a]p —2°, arising from the
SN2 reaetion of VIIT with aniline, possesses approxi-
mately 159 optical activity.

Reduction of XIIT with lithium aluminun hydride
produced the diamine XIV, which was dircetly con-
verted to its dipicrate salt, m.p. 134-135°, [a]p —60°.
The infrared spectrumn of XIV dipicrate is identical
with that of the dianine dipicrate, {a]p —53°, nvp.
134~135°, derived from the sulfurie acid hydrolysis of
(=)-phenampromniide.?

The fact that (R)-phenampromide (IV), (S)-iso-
methadone  (XVII),*® and (28:3R)-propoxyphene
(XVIII)Y are stereochemically related and all possess

(16> A, M. Beckett, G. Kirk, and R. Thomas, J. Chem. Soc., 1386 (1062;.

(17) . R. Sullivan, J, R. Beck, and A. Pohland, J. Org. Chem., 28, 238)
(19635, '
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HeC«CH, H»-C<CHj
N N
SN N
Hsc CH3 Hsc CHS
XVII XVIII

greater analgetic activity'2'® than their enantiowers
suggests that these analgetics are exerting their ac-
tivity through a stereoselective cowbination with a
common analgetic receptor. (S)-Isomethadone is 40
fimes as potent as its enantiomorph,? aud (28:3R)-pro-
poxyphene has been reported!® to possess all the ac-
tivity in the racemate. This is in contrast to phen-
amproniide! where the potency of the (R) is ouly 4
tines greater than the (S) conipound. The differences
in the enantioneric potency ratios niay be due, in part,
to differences in the ability of enantiomorphs to com-
bine with an analgetic receptor in a pharmacologically
productive confornmiation.” It is conceivable that the
planar nature of the amide nioiety in phenampromide
is a contributing factor in lowering the receptor’s dis-
crimination between enantioniers.

Experimental®

(S)-2-Bromopropionpiperidide (VIII).—A stirred solution of
16.1 g. (0.11 mole) of (8)-2-bromopropionic acid in 30 ml. of
methanol, maintained at —15°, was titrated to a phenolphthalein
end point with 1 M methanolic NaOH. The solvent was re-
moved 7n vacuo and the sodium salt VI was dried at 25° (0.1 mm.)
for 36 hr. The salt was pulverized and again dried at 65°
(0.1 mm.) for 30 min. To a stirred suspension of 17.6 g. (0.10
mole) of VI in 100 ml. of ether maintained at 0° was added drop-
wise 13.0 g. (0.10 mole) of oxalyl chloride. After the evolution
of gas had stopped (15 min.), the mixture was maintined below
5° while a solution of 17.0 g. (0.20 mole) of piperidine in 30 nil. of
ether was added with stirring. After standing at 0° for an addi-
tional 50 min., the mixture was filtered and the organic phase
was washed with dilute HCl then with water. The ether solution
was dried over anhydrous Na.SQ,, and the solvent was removed
in vacuo. The yield of VIII, [«]?®p +81.6° (5% in chloroform),
was 17.1 g. An infrared spectrum of this amide was identical
with that of racemic VIII.!

Reactions of Aniline with (,S)-2-Bromopropionpiperidide (VIII).
—A solution of 17.1 g. (0.08 mole) of VIII and 14.5 g. (0.16
mole) of aniline in 50 ml. of benzene was refluxed for 6 hr. The

niixture was filtered and the solvent was removed in vacuo.

The remaining oil erystallized from 45 ml. of ethanol to yield 8.03
g. of XIII, m.p. 88-89.5°, [al®®D —2.4° (59, In ethanol). The
infrared spectrum was identical with that of the totally racemic!
material.

In a subsequent experiment 3.35 g. (0.015 mole) of VIII,
1.40 g. (0.015 mole) of aniline, 1.6 g. (0.015 mole) of Na,COs,
and 4.0 g. of Drierite were refluxed in 12 ml. of benzene for 12
hr. The product XIII, obtained in a yield of 0.85 g., was
totally racemic.

In another experiment 13.0 g. (0.055 mole) of VIII was stirred
with 10.2 g. (0.11 mole) of aniline at room temperature. After
2 hr., the mixture was mixed with 40 ml. of benzene and filtered.
The solvent was removed in vacuo and the residual oil was crystal-
lized from 25 ml. of ethanol. The yield of XIII, [«]®*D —1.2°
(5% in ethanol), was 6.22 g.

(=)-N-Phenylalanine!? (IX).—A mixture of 54.3 g. (0.50 mole)
of 2-chloropropionic acid, 140 g. (1.50 moles) of aniline, and 100
ml. of ethanol were heated on a steam bath for 4.5 hr. The
solvent was removed in vacuo, 200 ml.of 5 N NaOH was added, and
the mixture was extracted twice with ethyl acetate. The aqueous

(18) A. Pohland and H. R. Sullivan, J. Am. Chem. Sec., 77, 3400 (1955).
(19) All melting points are corrected.
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solution was acidified with concentrated H,SO, to pH 4 and the
product was filtered, washed with water, and dried. The yield
of crude product, m.p. 156-160°, was 55.5 g. (67%). After
recrystallization from methanol, the melting point was 158~
160°, A solid-state, infrared spectrum (mull) showed a band at
6.30 u (carboxylate anion). In absolute ethanol the 6.30-u band
was absent and an absorption at 5.73 u was observed; A%<, 242
mg (e 10,300) and 291 mu (e 1900).

Methyl (£ )-N-Phenylalaninate (XV).—Dry HC! was bubbled
into a solution of 4.95 g. (0.03 mole) of IX in 530 ml. of methanol
to saturation. The methanol was removed in vacuo, and the
crude hydrochloride was recrystallized from1 methanol-ether.
The yield of XV hydrochloride, ni.p. 176°, was 3.9 g.

To an aqueous solution containing 4.96 g. (0.023 mole) of the
hydrochloride, enough 1 & NaOH was added to make the solution
distinctly alkaline. The free base was extracted into ether,
dried over Drierite, and the solvent was removed in wvacuo.
The yield of XV, m.p. 46—48°, was 3.9 g. It showed no change
in melting point when recrystallized from Skellysolve B; A%,
242 myu (€ 10,000) and 291 mu (e 1900).

Anal. Calcd. for CmleNOzi Cy 6703, H, 733, N, 7.83.
Found: C, 67.44; H, 7.353; N, 8.00.

(4 )-N-Phenylalanine (IXa).—(=)-N-Phenylalanine (74.3 g.,
0.45 mole) was dissolved in 675 nil. of acetone and combined with
a solution consisting of 145.8 g. (0.45 mole) of quinine dissolved
in 135 ml. of methanol and 315 ml. of acetone. After 24 hr. at
room temperature, there was obtained 59.5 g. of quinine salt,
m.p. 199-201°, [«]?2D —126° (29 in ethanol), in the form of
large prisms. Two subsequent recrystallizations did not alter
the melting point or specific rotation.

Anal. Caled. for CyyHgN;Oa: C, 71.20; H, 7.22; N, 8.58.
Found: C,71.11; H, 7.33; N, 8.90.

The quinine salt (50.0 g., 0.10 mole) was shaken in a separatory
funnel with 150 ml. of M NaOH and 100 ml. of chloroform.
The organic phase was drawn off and the aqueous phase was
washed with a portion of chloroform. The aqueous phase was
then acidified to pH 4, and the product was filtered, washed with
water, and dried in vacuo. The yield of IXa, m.p. 149-150°,
[a]®®D +71° (29 in ethanol), was 13.1 g. The infrared spectrum
(mull) was very similar to racemic 1X.

Reactions of Sodium (S)-2-Brompropionate (VI) with Aniline.
—A mixture of 0.53 g. (0.003 mole) of VI and 1 ml. of aniline
was heated on a steam bath for 20 min. After addition of 6 ml.
of 1 M NaOH, the mixture was extracted with ether. The
aqueous solution was acidified to pH 4 and the precipitate was
washed and dried. The yield of IXa, m.p. 150-155°, [«]*D
+28.5° (4% in ethanol), was 0.20 g.

A solution of 1.75 g. (0.01 mole) of VI and 14.9 g. (0.16 mole) of
aniline in 40 ml. of methanol was refluxed for 45 min. The solu-
tion was cooled, acidified with 500 ml. of 0.1 ¥ H,SO, filtered,
and extracted with ethyl acetate. The organic phase was dried
and the solvent was removed. The solid residue was washed
with ether, then dried. The yield of IXa, m.p. 158-160°,
[a]®2D +7.0° (4% in ethanol), was 0.46 g.

A solution of 1.75 g. (0.01 mole) of VI and 0.93 g. (0.01 mole)
of aniline in 100 ml. of methanol was refluxed for 5 hr. After
this period, 30 ml. 6 N HCI was added to the solution and the
methanol was removed in vacuo. The solution was extracted
with ethyl acetate, and the organic phase was dried over Na,SO;.
The ethyl acetate was removed, and the solid residue was filtered,
washed with ether, and dried. The yield of IXb, m.p. 157-159°,
[a]}2®D —9.0° (49 in ethanol), was 0.16 g.

Attempted Piperidinolysis of Methyl (= )-N-Phenylalaninate
(XV).—A mixture of 0.90 g. (0.005 mole) of ester and 4 ml. of
piperidine was heated on a steam bath for 4 hr. An infrared
spectrum and thin layer chromatography indicated that only a
small quantity of the amide was formed.

(—)=N-Carbobenzoxy-N-phenylalanine (X)—To a 70-ml
aqueous solution containing 8.4 g. (0.10 mole) of NaHCO;
and 6.6 g. (0.04 mole) of IXa, [«]?*p +71°, was added 7.5 ml. of
benzy! chloroformate. The mixture was stirred vigorously for
15 hr. and extracted with ether. The aqueous solution was
acidified to pH 4 with HCI and extracted with chloroform. The
chloroform layer was washed with 1 3 HC! and dried over
Na;SOy, and the solvent was removed in vacuo. The yield of X,
an oll, [a«]p —36.8° (3% in ethanol), was 4.05 g. When the
reaction was carried out with racemic N-phenylalanine following
the same procedure, a crystalline product, m.p. 93.5-94.5°, was
isolated which had an infrared spectrum identical with that of
the optically active material. :
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Anal, Caled. for CyH;pNO, €, 6%.25: H, 5.75; N, 4.09,
Found: C, 68.34; H, 5.80; N, 4.64.

{ — )-2-(N-Carbobenzoxyanilino)propionpiperidide (XII).--A
cooled solution of 4 g. (0.013 nwole) of X in 10 ml. of methanol
was titrated with 1 M methanolic NaOH or NaO>Me to a phenol-
phthalein end point. The methanol was removed and replaced
witlt a wixture of ether—Skellysolve B, After the material was
collected and dried at 63° (0.1 ni ) for 36 hr., there was obtained
3.16 g. of sodium salt. This salt, partially soluble in ether,
was placed in 20 ml. of ethier and cooled to about 0°. To the
stirred wixture was added dropwize, 1.4 g¢. (0.011 mole) of
oxalyl chloride in 10 ml. of ether. After all the gas had evolved
(15 min ), 1.87 g. (0.02 mole) of piperidine was added to the cooled,
stirred mixture over a 1H-niin, period.  The mixture was allowed
to staud for 0.5 hr. and filtered. The ether solution was washed
with 1 M HCL then with 1 W NaHCO,, dried over Drierite,
and the ether was removed in vacio.  There was obtained 2.41 ¢.
of an oil whieh was chromatographed on a silicie acid-chlorofori
colamu.  The first fraction (0.42 g.) consisted mainly of XVI, an
ol Ay .40, 3.60 (anhydride), and 5.86 g (ecarbanate). The
second fraction (1.54 g.), which contained the desired product, was
recrystallized several times from ethyl acetate-Skellysolve B 1o
afford 0.50 g. of XII, m.p. 74-76°, [a]**D —60° (2C; fu ethanol:,
Moy 0.838 (carbamate) and 6.03 g (amide).

Anal. Caled. for CouHyN.Oy: €, 72210 H, 7.15: N, 7.65.
Found: C, 71.96; H, 7.07; N, 7.32,

The hufrared spectrum of the above compound was identical
with that of racemic XII, m.p. 93-95°, prepared by treating 2.32
g. (0.01 mole) of racemic XIIT with 2 g. (0.022 mole) of benzyl
chilorformate in a mixture of 15 mil. each of 1.5 W NaHCO; and
CHCL. The mixture was stirred vigorously for 6 hr. and the
clloroform layer was separated from the aqueous phase.  After
wushing the organic phase with | M HCl, it was dried over Drier-
ite and the solvent was removed. The oil (2.24 g.) solidified on
standing and was recrystallized from ethyl acetate-Skellysolve B.

{ —)-2-Anilinopropionpiperidide (XIII).-—Intermediate XII
(0.47 g., 0.001 mole) in 10 ml. of methauol was shaken for 17
min. with 0.1 g. of palladinm on carbon under hydrogen at 1.76

Vol 8

kg./em? (25 p.sa.). The mixture was filtered and die catalyst
wns washed with methanol.  The solvent was removed 7n racin
 afford 0.26 g. of XIIL nnp. 63-65°, {a]*®p —13° (19 1 cth-
anoll. The tufrared <pectrnm of XITT was ideptical with that of
the racemic componnd.!

1 — )-N!-Pentamethylene-N2-phenyl-1,2-propanediamine Di-
picrate.-- To a stirred mixture of 0.082 g. (0.002 mole) of LiAIH,
m 2 ml of tetrahvdrofuran was dropped 0.25 g. (0.001 mole) of
XII1 in 2l of tetrahvdrofuran.  The mixture was refluxed for
5 hr, then treated suceessively with U1 ml of water, 0.2l of
159, NaOH, and 0.1 mil. of water, aud filtered. The solvent
wag rentoved i cecro and the residie was dissolved in 1wl of
ethanol.  Linoagh saturated ethanolic pierie acid was added
to produce covplete precipitation.  The vield of NIV dipicrate,
nep. 1A2.5-134.5° was 0.56 g Recrystallization from ethanol
afforded .40 g of the salt. m.p. 134-135.5°, [a]**n —60° (277 in
neetone .

Anal, Caled. for CuxHugNgOr C, 46,250 H, +£.23: N, 16.61.
FFound: €, 46.31: H, 4.41; N, 16.51.

Hydrolysis of { — )-Phenampromide (IV).—~-A nuxture of 3 ml.
of concentrated HaSOy, 3 ml of water, and 1.37 g. (0.005 mole)
of (= )-phenampromide? was heated on a steam bath for 15 hr.
The solution was 1made basic with 4 vV NaOH and extracted with
ether.  The organic phase was dried, and the solveut was removed
/n racwo,  To the residiie was added 4 mil. af ethanol and enough
sntnrated aleoliolic pierie acid to ensnre complete precipitation.
The vield of XIV dipicrate, nup. 133.5-135.5° wuas 1.74 g
Recrvstallization from ethanol atforded 1.48 g., m.p. 154-130°,
fa] P —03° (200 1u acetone), of XIV dipicrate.  No melting
point depression was observed when the salt was mixed with the
dipierate of the diamine NIV obtained from IXa. The infrared
{CHClLy) speetra of the dipierates obtained by ditferent routes
were ldentieal.

Acknowledgment.—Tlie author gratefully ackuowl-
edges the support of this project by Public Health
Service Grant NB 05192, from the Natioual Tustitute
of Neurological Diseases and Blindness.

Substituent Constants for Aliphatic Functions

Obtained from Partition Coeflicients
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From the partitian coefficients between l-octanol and water of a variety of derivatives of the type CgHi-

(CH;),X, the partition constants (#) for the aliphatic functions X have been determined.

The practical value

of the additive character of 7 for the correlation of biologieal activity with chemical structure is illustrated with

data on the narcotic action of alcohols, esters, ketoues, aud ether on tadpoles.

The relation of = to ARy (a

ehromatographically determined =ubstituent constant) is show,

Reeently we have shown that substituent coustants
can be useful in the quantitative correlation of biological
activity with chemical strueture.® In particular, we
have found that using electronic parameters such as
the Hamnmett o-coustant, pK, values, or electron deusi-
ties obtained from molecular orbital calculations with a
substituent constaut = (r = log Px — log Pp) ob-
tained from partition coefficients, mathematical ex-
pressious could be fouud for correlation in a wide variety
of structure-activity problems. = is a free-energy-
related constaut for a fuunctional group and is similar
lo o. For example, = for the CH; group is found by

(1! On leave from Okayama University, Okayama, Japan.

(2) On leave from Kyoto University, Kyoto, Japan.

(3) (a) C. Hansch and T. Fujita, J. Am. Chem. Soc., 86, 1616 (1964);:
(h) C. Hansch and A. R, Steward, J. Med. Chem., 7, 691 (1964); (c) (.
Hansch, A. R, Steward, and J. lwasa. unpublished results.

subtracting the logarithm of the partition coetlicient
for benzene (Py) from that of toluene (Pyx). We
have used l-octanol-water for the solvent system. In
evaluating = from partition coefficients obtained with
over 200 aromatic compounds, we have observed that
7 for a given funetion remaius approximately coustait
i much the same fashion as does o as long as uo stroug
group itteractions oceur.?

We now report values for fuunctional groups not at-
tached to aun aromatic nucleus, These too appear to
be approximately coustant when strong group inter-
actions are absent.

Table I gives the logarithm of the partition coefficients
for a variety of compounds of the type C¢Hy(CH,),X.
The phenyl group was included for analytical con-

{4) T. Fujita, J. Iwasa, and . Hanseh, J. 4m. Chem. Soc., 86, 5175
11964).



