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Isotope effects i1 the metabolism of phenobarbital with dogs and rats were investigated using phenobarbital-

p-d (I1) and phenobarbital-p-d-ethyl-d; (III).

The deuterated compounds were synthesized via benzyl-p-d

cyanide prepared from toluene-p-d. This intermediate was utilized in the subsequent steps of the svnthesis ex-

cept that for I1I, ethyl-d; iodide was incorporated into the ethylcvanophenyl acetate preciirsor.
extent of deuterium labeling was established by several analytical criteria.

Purity and
It was found that the apparent rate

of plasma drug level decay for all three compounds was the same, which snggests that the rupture of the pare

C-H bond is not rate limiting in the metabolism of phenobarbital.

On the other hand, a 13-269 exchange of

the p-deuterinm substituent was observed #n vivo, which on the basis of a postulated two-step mechanism leads
to a product isotope effect of 4-8. The sedative effective of the three compounds was found to be similar.

The main route of metabolism of phenobarbital (5-
ethyl-5-phenylbarbituric acid) in man. dog,? and rat.?
involves the hydroxvlation of the para position of the
phenyl substituent followed by appreciable formation
of the phenolic 8-glucuronide.

If the mechanism of action of phenobarbital (I-H)
involves an equilibrium process (e.g., drug-receptor
interaction) the presence or absence of an isotope effect
on its pharmacological activity would be evidence for
or against the participation of the isotopic position. If
nn the other hand a rate process (e.g., production of a
metabolite) is involved in the mechanism, the isotope
effect generally will give information regarding only the
rate-determining step.

Tt is reasonable to expect that if scission of the aro-
matic para C-H bond is involved in the rate-controlling
step of metabolism, replacement of this hydrogen by
deuterium should cause a substantial decrease in the
rate of metabolism. In fact, the difference in reactivity
could be six- to eightfold for a primary isotope effect,
whereas a secondary effect would result in a smaller
decrease (1.3-1.6).4%

The latter possibility may also be explored by investi-
gating the physiological disposition of phenobarbital
fully deuterated in the ethyl side chain in addition to the
para position of its aromatic ring. Since metabolism
of this drug does not directly involve the side chain,
other effects which may be mainly dependent on factors
such as pK,,*" lipid solubility, and plasma protein bind-
ing could be observed as '‘secondary’’ isotope effects.
A positive finding in this case may be construed as
evidence for the involvement of this structural group
in the action of this drug.

Chemistry.—The method of synthesis of phenobar-
bital-p-d (II) was essentially a modification of an
earlier procedure,® using the precursor ethyl cyano-

(1} Presented in preliminary form at the April 1966 meeting of the Feder-
ation of American Societies for Experimental Biology, Atlantic City, N. J.
Supported by U. S, Public Health Service Grants No. AM 4724 and GM
09069,

(2) (a) E.J. Algieri and A. J. McBay, Science, 123, 183 (1956): (b) A. S.
Curry, J. Pharm. Pharmacol., T, 604 (1955); (c) T. C. Butler, J. Pharmacol.
Ezxptl. Therap., 116, 326 (1956).

(3) B. Glasson and A. Benakis, Helr. Physiol, Pharmacol. Acta, 19, 323
(1961).

(4) (a) M. J. Stern and M, Wolfsberg, J. Pharm. Sci., 54, 849 (1965):
(b)Y K. B, Wiberg, Chem. Rev., 88, 713 (1955).

(5) H. Zollinger, Advan. Phys. Org. Chem., 8, 163 (1964).

(6) J. 8. Chamberlain, J. J. Chap, J. E., Doyle, and L. B. Spaulding, J.
Am. Chem. Soc., BT\ 352 (19351.

phenyl-4-d-acetate prepared according to Nelson and
Cretcher’s” method. The over-all unequivoesl svn-
thesis involved the preparation of toluene-4-d, follower
by the conversion of its cyanide via benzyl-4-d chloride.

Phenobarbital-p-d-ethyl-d; (ITT) was likewise syn-
thesized in the same manner by treating the precursor
ethyl cvanophenyl-4-d-acetate with fully deuterated
ethvliodide.

The purity of II and III was established by mix-
ture melting point with I-H, thin layer and gas chroma-
tography, elemental analysis, and superimposable ultra-
violet spectra. The homogeneity of the deuterium
labeling was established by nmr spectroscopy.

In addition, IIT was shown to have 82 mole 9, D
excess in the ethyl side chain and 90 mole 9, D excess
in the 4 position of the phenyl ring by nmr and mass
spectrometric analysis.

Pharmacology.—To determine a pessible isotope
effect, comparisons of the rate of drug plasma level
decay in dogs receiving I-H and II intravenously were
made. In order to exclude the possibility of induction
of drug-metabolizing enzyme systems, alternate drug
administrations were kept 2-4 weeks apart. Similar
studies were done in dogs using I-H and III in order to
compare rates of drug plasma level decay. Concentra-
tions of I-H. II, and III in plasma and urine were
measured by a double-extraction spectrophotometric
method.® the specificity of which was established by
quantitative thin layer chromatographic techniques.

The possibility of a product isotope effect? in the
"unchanged”’ II and III was examined after isolation
from dog and rat urine by extraction techniques fol-
lowed by purification with preparative thin layer
chromatography. Suitable control studies were con-
ducted to eliminate the possibility of artifactual ex-
change of deuterium in the urine.

The sedative effects of IT and ITI were compared with
that of I-H in mice, while the L-ascorbic acid excretion
stimulatory effect in rats was compared for compounds
I-H and IT.

(7} W. L. Nelson and L. H, Cretcher, ibid., 50, 2758 (1928).

(8) T. C. Butler, C. Mahaffee, and J. W, Waddell, J. Pharmacol. Exptl.
Therap., 111, 425 (1954).

(9) The operational definition of ‘‘product isotope effect'’ denotes the
deduction of a kinetic isotope effect by the observation of relative isotopic
abundances in the product or in the chemically unchanged starting material:
V. Gold and M. A. Kessick, J. Chem. Soc., 6718 (1963).
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Experimental Section'®

Benzyl-4-¢ Cyanide.-Benzyl-4-d cldoride was obiabus] by
treating 48 g (0.5 mole) of toluene-4-t/ (preparet] hy au wlaptation
of the methol of Choppin and Smith!!) with 66 g 10.5 wole)
of sudfoary] ehiloeide. 2 The solution was thorongldy Hushial witle
Dy ndtrogen for abonl 5 min, whercupon 0.60 g of brenzovl prer-
oxile was rapidly added and poeging with nitrogen wirs restined
for an aldditional TOaniu perind. The reactione wis vompleted
after refluxing for 2-5 hr. Distillation /n 2o gave a vielt of
41 g of 1he rhioritde, by 67-68.0° (10 mmj. The 1otal vield of
henzyl-4- chloride after a seennd pass with revovered toluenn-
=il fresh SOLCLowas 53 g (S0S1). The vorrespornding nitrtle, ©
hp H4-105° (8 mam), was prepared by treating 30 g 70.24 mole
of henzyl-4-/ vhloride with 15 g (0.31 mote) of NaCN fn atgtieons
ethanol =olutivn. The yield was 25 g (D591,

Ethy! Cyanoethyl phenyl-4-d-acetate.-~The ahuve nitrile was
weatetl with diethyl varbonate in the presenve of sudnmidr,
vielding rolorless ethyl vyanvphenyl-d-d-avetate hp 142--148°
IS ), o 7090 vield, Ethvlationd of 19 g (0.1 mole) of this
mtermedinte was effuirted by treating 20 g (0.13 mole) of froshly
tistillet] ethyl wodide e 50 il of anhydrous ether onl 23 g
(.1 g-ntom) of sodinm wire.  Fravtiwnal distillation i eacuo
guve 4.5 g 1665 1 of a rolorless oil, hp 136-140° (8 nuni.

Awad. Caled for CuHDNO: G 7L 1L 70300 N 6.8,
Found: ¢, 7132 1, 6.9 N, 60.52.

5-Ethyl-5-phenyl-4-d-barbituric Acid (I11).——Urea (1.7 g, 0025
wole) was added o a siirred solution of sodiun illl g, 0.048
g-utony) i 22 mil of anhydrons ethaunl and mixed to sbhution at
robru tetnperatart. Then ethyl pvinnethylphenyl-4-d-avetarr
13.5 g, 0.025 mole ) was adided with stirving over a 30-min period.
The reavtion mixtire bevame thick and a white suspeusion was
produrer] which was stirred and refluxerd for 66 hr.  The snlvent
was removed at 30 mnt with heating.  The residie was dissolved
i 75 ml of water ai rvom temperature and extravterd with threw
-l portions of ether.  The dissolvetl ether in the atprenus
solutinn was remved nuder a strean of nitrogen.  The aygueous
solutibn was nentralized to pIl A with vonventrated 1HCU aod
atter tuoling for several hours at (0-3° a white previpitare of -
cthyki-phenyl-d-/-4-iminnbarbiturie arid was wllerted 15,4 g,
BOCT), mp 265-208°. The imino rompotd was hydrolyzeld
it itatively by refluxing with 150 ml of 3.3 .5 HC for 30 min.
Upon ronling overnight at 0-5°, 11 separated in chisters nf white
erystals 03,2 g, D1, mp 172-174°, The rrude prodnet was
recrystallized from ethannl-water 1o give 2.2 g, mp 174-175°.

Al Cated for CHGDNGO,: ¢ 61,790 T 54620 N, 1201,
Fomel: €, 6184 I, 5880 N, 12,00,

Chromatography vu silica gel G (Merrk ] nsing henzene-glacial
aveliv avid M9:1) and chloeoformn-aretme 1 1)1 with visualizn-
i with HgSOy aud diphenylrarbazone reageut® <pravs, gave
stngle spots with 227 values of 0.25 and 0.32, vespertively, which
were the =ante n= Lhose phtained with I-1T standard. Gras-
luguid partition chromatography tglpel of 11 on a 4-f1 volanm
having 2077, QF-1 (Dow Fluorosilivnne 1S 12651 on Chromnsorh
1'% S0-100 mesh, showetd the single voinpounent to be at least Hh*,
pre. The retention times of I-H and IT were the same.  Mass
spertrometric determinativn for the deuteriint content i 11
showne the phenyl-4-d pusition t be enriched by D0 mnle t. 1.
The same enrithment wns vhtained by analvzing the toluene-4-¢
useld as the starting eompound for the svnthesis.  The nmr of
-1 showed aromatic protons at 7.37 (singlet), CH. hvdrogens
it 237 (renter of yuartet), sl CHy hydrogens it 097 (venter of

(10) loiling points are ancorrected.  Mlelting poiuts were letermined nn
o Visher-lolms apparatns and are corrected.  The (! H, and N analyses
werl perfored by Mr. George 1. Robertsou, Jr., I'lorham Park, N. J. The
ass speciromelric deuteritm analysts were done by the Esspee Isotope Cn,,
Union City, N..J., nmr spectra were obtained ar a field strength of 60 Me/ser
o sit ples in (GDs)220 solution on a Variau A-60 instrument using Si(CHg)y
as inlernal standard and are reported in parts per million (§) downfield
sween, Dias bhromatography was ecarried out nsing an ¥ and M dodel 609
svstew with e carrier, hiyrdrogen flame Jdetection, column temperature of
185°, lujection port at 300°, and detector temperature of 250°.

i11) AL R, Choppin awd €2 Siniehy, . 4w, Chem. Soc., 70, 57T (1948).

1) 3L S Wharasel and 11, CL Rrown, (o, 61, 2142 (1039),

i1t R Vlams and AL I Thal, “Drganie Syntheses', Coll. Vol 1, 2ud
od, dobn Wily aud Song, Tne., New Vork, N. Y., 1944, p 107,

L L Coebin and 10 W, Daly, . Zhtewaenl. Heptl, Thecap., 138, 1ad
[BSIHIN

il ., IWellelter sl J, G, Rollasown, Clow, Ul deta, 10, 412 (1:5-H.

dlgy Lo Wazyak and 150 CL INnobloek, ctoal, Chewr,, 35, 1448 11062,

V1T L Roeker, Aeek. Pharna, 299, 688 (1906,

Vol HI

teipler s Tutegration of these arens gave o relalive raler of
5:203, respoetively. The e =pectran of 11 <howel 1hee sawe
proks s -1 exerpl that integration gave o velulivie eolio of
12205, indbenibrg o tnriehient of deotevin e the arotad v
wnelions al feast NG,

Ethyl-/. Cyanoethylphenyl-4-/-acetate.- Tl proecin~ors of
Ho= material were prepaced fromn the s tolaenp-4= hat el nsed
for thee yaonodenterophenobarbitad - o1y svathests. TPreshly
distilled vl evanophenyl-4-d-neetate 1175 g, 009 mole) was
<lowly ndded witle stieeing 1o 201 g (000D g-ntoul of o wire
48l of andedeons prher, Ethyl-falide, 185 o 0L 2 mole s,
wits atdded slowly and the wixture was refluxed wal <tieeed for 0
thy= The prodaer distilled nonder redurer] pressave heal e
e phvsival propeenies as the aolabeled marerial, Thee viedd
wits P4 g 2o,

Lol Calvd Tor Cid 1 DeNOL
FPomud: CL 710350 N, 601,

Ethyl-./.-5-phenyl-4-d-barbituric acid (I1I1) wax preparetd b 1l
st mamer a= IT pxvept that the resetion mixiure was <liered
antl refluxed for 10U he e oovder o overvome =otop vileets,
Thue viehd was 300 g 0507 1 wp 1017857,

eds Caleld for CalLiDeNGOs: C, 610460 11, 700
Foul: ¢, G077 N, A4,

The purily of s vompottud was extablished i the =ame man-
ner = Tor TI 0 Mas~ spertromelriv teterminatinn for the tene-
vinnt conttend v TTT dralivatet] thar the over-all average envirh-
ment of diaterione < 41670, Shaee the paee position of the
phenyl ring has the siine extent of Iabel as its prevursor 1nluene-
4- whirh ix 90 ol ©, execess, the ethyl <ide vhain is vabenlated
to Tve 82 mole ) exves= denterin.,

The wr <pettrim of 11T showetd only the arpmativ proton preak
al 757 teinglel tond alimost a 1otal absence of the mnltiples prr-
taiuing to Cll and CIH, protons found i I-H, indivating o high
degrer of denterbun labeling b the ethyl side vhain. The
PR of compountds I-11, 11, aud LI, deternined spevtropholo-
melrivally, were fowd 1o be 7.0 within &0.1 units,

Animal Experiments, - 11 was wlininistered iutravennusly 1o
three wlult dog~ whirh ranged tv weight from 6.5 to D1 kg
Dogs A ol B received 40-tng/kg doses while C was given H0
mgkg. The vale of deeey of deng roneentrations i plasma was
determbnsd by sprelropliotometrit mmensiretnents at 240 avd
260 nie v aveordaners with a previously published procerlure.
This provedure wis <lown to be sperific for I-H and IT by yieo-
titalve thin Leyver cheomatography on silica gel G (see helow 1
The experinnmi> were vrepenteld I inouth later i dogs 13l ¢
using A edose of 111 which was tle sane as that of 1T given pre-
vionsly. Foradog A the provedure was vieversed: 1-11 being al-
wontsteved for=1, (ollowiad by 12 weeks later. Urines were col-
Teeteed before wul during deng administeation.

A sinnlar protoedd wis =l 1 the ttravennus adniudsteion of
LI sond -1 o togs Ioamd Foo The drengs wert: givenr at least 3
weeks apart al deses of Hmgdkg. The rate of deeay of g
conventrations was ipudogonsly mtasuret] and the urines wert
epllerte] and pooled daring the adinduistrativn of rotnponnd T

The =edativie polenvies of 11 and IIT were rompared with 1ha
of I-11 by the intraperitoneal adutinistention of 3 mg of eavh drug
Lo Lwb separate gronps of tweblve inive parh. The average times
of onset, peak, il reeovery of sedation were nnted,

The effert of I-11 on the increase of L-astorbie avid exvretion m
rats was ropati] with that of 11, Two groups of three nale
Wistar rat= varh wert maintained on 11 mixture of water mul
pviaporated milk o Carnation) for 4 tayvs prioe to amd doving the
experiments: this diet i low fn t-aseorbie acild. ™ One gronp of
rits reveived - dntrapenitoneally at 90 mg/kg for the fir=t 2
days and 1353 ing/kg for the latter 2 tluys.  The sune sehetlule of
adinisteation wis follwet] for thee other group of rats psing T1
Hats were kipl b aomelabolisin eage plaveld over o 10-bi poly-
ethivlear Tl vqaipped with an row wesh streen, o -
asenrbiv arid nesasements, 24-hr arines were vollertend witle 5
ml of 8¢ oxaliv aenl, wherens (i 1he solation of “unchangelt”
IT 1 ml of tnlaee was addel.

Isolation of Compounds II and III from Urine.--1)og uriue
(770 ml) rolerted for a 24-br period after administration of 11
was inilially treated by adding 100wl of ether iu nrder to ilis-
solvee any previpitaletl cotpomd. The orine was then mixel
with 35 1l of 6 A HCHal was exlracual three times with 400 ml
of el AR exteets were rombinet] ol washeld by trealing

6h.u2: 1, 048 N, 627

N, TR

Duckel, L1 AMastaren, 1L Boaras, ared UL Gl Wae, . Biof,
Ol 186, SL t1000;

IRy NN
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with 100 ml of 1.0 M phosphate buffers (pH 8.0). The ether
phase was shaken three times with 30-ml aliquots of 0.1 ¥ NaOH.
The NaOH extracts were pooled, acidified with 1 ml of conceu-
trated HC}, and extracted with three 30-ml aliquots of ether.
The ether extracts were pooled and washed with 10 m! of 1.0 M
phusphate buffer (pH 8.0), dried (Na.S0,), and evaporated to
dryness with nitrogen.

The residue was dissolved in 2 nil of dry ethann! and applied iu a
streak on a silica gel G glass plate (approximately 0.5-mm thick).
A small amount of reference I-H was also applied 2 ¢cm away from
the edge of the plate. A stepwise development method was used
cousisting of chloroform—acetone (8:1) and then benzene—glacial
acetic acid (3:1). The mobility of the isolated product was
ascertaied by visualization of the reference compounds. Upon
drying, the relevant area of silica gel was removed from the plate
by scraping and then extracted with 50 ml of dry ether. Ewvap-
oration of the ether, followed by charcoal treatment of an etha-
nolic solution aud two recrystallizations from aqueous ethanol
vielded white crystals of 1T, mp 173-175°.

Purity of the isolated compound was established by compari-
son with I-H in melting point, ultraviolet spectra, and tle on
silica gel using benzene—glacial acetic acid (9:1) and chloroform-
acetone (3:1) systems.

The isolation method was also utilized to obtain II from the
first 24-hr uriue collected after drug administration to dog A,
whereas for dog C the first 48-hr urine collection was used. Like-
wise, the isolation of II from pooled rat urine was accomplished,
leading to white crystals melting at 176-176.5°. This material
required less purification than II obtained from dog urine.

The isolation of III (pooled urines from dogs E and F) was
done under the same experimental conditions as described
above, vielding a compound melting at 176.5-178°. In all
cases purity of the isolated material was established by the
above-mentioned techniques.

Control Studies.—The in vitro exchange of deuterium from II
in urine was examined. Fifty milligrams of II was added to
200 m! of “‘blauk’ urine of dog C and allowed to stand 24 hr at
37°. Likewise, a control experiment was done with pH 8.0
urine (NaHCOj; treated). II was reisolated as described above
and purity was established similarly. All of these samples of 11
were also analyzed for deuterium.

Urine Hydrolysis.—Urine (13.5 ml) from Il-treated dog C was
acidified with 2.5 ml of 3 N HC! and extracted twice with 10 ml
vf ether poirtions, which were then dried (Na,SO4). After removal
of traces uf ether, the aqueous phase was adjusted to pH 5.0
with sodiim acetate, aud the sample was divided into 6-ml
aliquots. A mixture of 6.0-ml aliquot and 2.0 ml of 8-glucuron-
idase (Ketodase, Warner-Chilcott, Morris Plains, N. J.) was
incubated for 16 hr at 37°. The glucuronidase-treated sample
was acidified with 1.0 m]l of 3 N HC] and extracted with 30 ml
of ether which was dried (Na,SO4) and evaporated to dryness
with nitrogen. The residue was dissolved in a small volume of
ethanol aud subjected to tle analysis on silica gel G (~0.17 mm)
plates. The developing systems were benzene—glacial acetic acid
(3:1) and chloroform-acetone (1:1); visualization was accom-
plished with the HgS8O.,-diphenylcarbazone sprays. The R;
values, 0.25 and 0.60, were identical with those obtained with a
reference of 3-ethyl-5-(4-hydroxyphenyl)barbituric acid.’* Under
the same conditions the R; values for II were 0.52 and 0.50,
respectively.

Results and Discussion

In Vivo Rate Studies.—The apparent rates of dis-
appearance of I-H, II, and IIT from plasma are com-
parable (Table I}, indicating the lack of a significant
isotope effect. The data demonstrate that the scission
of the C-H bond in the hydroxylation of phenobarbital
is not rate controlling, Therefore, either bond making
with oxygen in the para position is the slow step, or
else the chemical reaction is preceded by at least one
slow physical step insensitive to deuterium substitution
(e.g., adsorption of an enzyme-substrate complex).2.2!

(19) Kindly provided by Dr. L. P. MeCarthy of the Dow Chemical Co..
Midland, Mich.
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TasrLe I
ArraneNT Fiisr-Orpen CONSTANTS FOR THE DISAPPEARANCE
OF PHENOBARBITAL FROM PLASMA

———Rale——

Position of

Dose, deuterium Half-life, 10%%%
Dog mng/kg label hir nin -1 ku/kD
A 40 Nbie i-)n Jf) 0
4-Phenyl 31 2.2
B 40 4-Phenyl 41 1.7 0.y
None 45 1.5 '
C 50 4-Phenyl 65 1.1 1.0
Note 63 1.1 '
E 40 4-Phenyl], 65 1.1
C.Ds 1.1
None 37 1.2
¥ 40 Noie 62 1.1
4-Phenyl, 61 1.1 1.0
C-jl);,

o Interpolated intercepts ranged from 50 to 69 mg/1.

On the other hand the exchange studies (Table II)
indicate a loss of deuterium label ranging from 13 to
269, of the starting compound II. An over-all loss of
2.9, in deuterium label is also observed with III.
However, if the exchange were to take place only in the
4-phenyl position, such a decrease becomes 149}, which
is comparable with the data obtained with II. The

TaerLe 11
DevreritM IsotoPE EXCHANGE OF PHENOBARBITAL
Position D,
of over-all )
deuterium mole 9% decrease
Species label excess of label
Dog A 4-Phenyl 5.H0¢ 26
Dog C 4-Phenyl 6.48 13
Compd 11, initial 4-Phenyl 7.43
Dog C, alkaline control 4-Phenyl 7 .44 0
Dug C, nvrmal enntrol 4-Phenyl 7.1+ 3
Rat= 4-Pheuyvl 6. 0h¢ 18
Dogs I and ¥ 4-Phenyl], 40. 65 2.5
()-_Al):,
Compd I11, initial 4-Phenyl, 41.67°
Cg]);,

@ The over-all error in the isolation and denterium assay ix
+0.10 mole ¢ excess. ® The error in the deuterium assay is
=+0.01 mole 9 excess. ¢ See text.

product isotope effect corresponding to the observed
exchange ranges from 4 to 8, based upon the assumption
that the two-stage mechanism 1 is applicable to the
aromatic hydrogen exchange, 222

[} k2
phenobarbital-d + HA T phenobarbital-h,0 2=
ko k-2

phenobarbital-h + DA (1)
A = enzyme or base

The partitioning of the phenobarbital-a,d inter-
mediate to either phenobarbital-d or phenobarbital-A
is obtained from the analysis for the deuterium content
of the isolated materials, Thus, the product isotope
effect is equal to the ratio of mole per cent deuterium
content in the original to the per cent decrease in

(20) V. J. 3hLiner, H. R. Mahler, R. H. Baker, JIr., and R. R. Hiatt, Ann.
N. Y. Acad. Sci., 84, 583 (1960).

(21) C. Elison, H. W. Elliott, M. Look, and H. Rappoport, J. Med.
Chem., 6, 237 (1963).

(22) (a) L. Melander, Arkiv Kem?, 2, 211 (1350): (L) 8. Olsson, rlid., 14,
85 (19h9).
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denternun cantent of the =olated produet, vy, for dog
A the ratio 12 4{7.43/(7.43 — 5.50)].

There seems to be no zignificant alteration i the
netabolic pathway of denterium-tabeled phenobarbital
heenuse the nunly=es of urinary exeretory produets in
dogs show that the p-hydroxy ntetabolite is present both
i the free and eonjugnted forms in equivalent amounts.
enmpared to I-H,

A parallelism mny be observed between the data from
the present study nnd the lack of kinetie isotope effects
obtained by Melander#2 for eleetrophilic aromatic sub-
stitution.  Furthermore, in clectrophilic hydrogen-ex-
rhange studies with tolucene-4-d  Olsson* bhserved
isutope effects ranging from 6 tu S

While nny attempt to attach mechanistie meaning to
the present study would neeessavily he highly speculie-
tive, the dn vieo exehange of deuterivng in phenobarbi-
tal, whether mediated by nn enzymie or not, seenis to in-
volve an intermediate similar in nature to that demon-
strated in the above-ruoted studies.

There remains to be explored the additional possibil-
ity that the formation of p-hydroxyphenobarbital ve-
curs with an intramolecular migration of the deuterium
from the paia to the meta pozition.  Such a mechanism
1 borne out from the experiments of Guroff, ef al.,*
regarding  the hydroxylation of p-deuteriv- and p-
tritiophicuylalanine to tyrosine by Pseudowmnus phenyl-
alanine  hydroxylaze. Under these  conditions  con-
siderable antounts of w-denterio- and aa-tritiotyrosine
are produced.

It appears that Diological aromativ hydroxylation is
vhareterized by a laek of deuterium isotope effects s
well ag the utilization of molecular oxygen.?* Thus, in
addition to the present study. un kinetic isotope effects
were vhserved by Soboren. et al., in the in vitro hy-
droxylation of 4-"H-acetaniline, while studies by Corey.
vloal® also showed  negative results. Morcover,
Fujita, ef al.” found no isotope effect in the highly
=teron=pecific hydroxylation of proline, amd Gold and
Crigler® reached the same eonclusions while investigat-
ing the in rdeo metabolism of eortisol-1,2-°H.

On the other haud, the biological oxidations of ali-
phatic groups may give rise to kinetie isotope effects
depending on the =ubstrate.  Thus, whercas Lemieux.
el al. 2 found that the rate of the n 2o oxidation of the
wethy! substituent of tolbutamide (N-p-toluencsul-
fonyl-N'-n-butyhirea) in man was unaffected by eom-
plete deateration, the work of Sohoren and associntes™
indicate o moderate isotope effect (by/hyy = 2) for the
i viteo vxidative demethylation of s-nitroantsole with
deuterium-lnbeled  methyl gronp.  Furthermore, the
chemical mechanizm for the vxidation of e-deuterated

122 L. Garotf, U AL Reifsuyider, awd J.o Daly, Biocpert. Biophys. Res.
Cortugr., 24, 720 110665,

24) L Posuer, C. Mibonm, S Rothlers, awl S Uilenfriend, 1ech. Bio-
chew, Biophys., 94, 280 (19G1).

123) Jo Soboren, Do M. Yasali, M. Tavabe, am! O Milowma, Fedevation
Freav,, 24, 137 (1065,

2y B Uorey, G AL Gregorion, awd D 1L Petersou, . 2ot U,
80, 2338 (1058

27) Y. Fujita. A, Gottlieh, 15, Peterkofsky, 8, Udeufriew), aml B. Wil-
kab, thid., 86, 4719 (1964).

i28) N. L. Gold and I. F. Crigler, Tr., /. Ulin, Endocrinol. Metah., 26, 133
LENGEY,

12097 ROV Lemieax, K. I, Sporek, [ O Reilly, and E. Nelsou, Biocher:
Pharmacol., T, 31 (1061),
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tvrosine, phenyvlatanine, and tymmne™# by nono-
amine axidase give isotope effeets ranging from [o4 to
2.3, halieating that the removal of w0 e-bvdrogren s
rate deterniining.

Pharmacological Studies. Slcep time stidies with
nice (Fable TTTY tid not show any <ignificant differenves
in the sedative potencies among the variong rompoinls.
The nrinary exerction of t-ascorbie neid inovats given
11 was inerensed to the sime extent as with I-11 At
the rnd of 4 days of drug adiinistration the vahies
ranged fron 4.8 to N2 me 24 hee o Thus, there appears
to he no signifieant  difference in the  degree of
stimwation of lrag metabolizing  enzymes, 1lison,
vioal? have reported that deuterntion of the N-
methyl gronp of morphine wenkens the analgesie wnld
toxice effeets of this drng although its daeation of aetion
appears to be wntfected. On the vther haand, by usine
butethal (O-butyl-5-cthyibarbitwwie aeid) with dente-
riutn substituted i the 37 position of the butyl <ilde
chain, Soboren, ¢ o/ have prolonged the steep time
al mive by o fetor of 200 The =ame eompound having
the 47 position Eibeled with deaterinm did not show any
pharmacological isotope effect. Furthermore, the e
plication that the 37 position i wainly novolved m the
action of the g was confirmed by the izolation of -
cthyvl-d-(3-hyvuxy bty barbitirie avid as the primary
metabolite produced by the liver mierosnmes ol mice,

Tasre HI

Seeytve Pormsey ox Miuewe

O irso ek
Test of ot Ramavvey
Dipg® urotn®  sediion wetion period
Phenobharbital A JUBEE 15 EHE-17n
Phernnbarhital-p-/ 13 BN i 150 101
Phenoharbital & 2558 124 21t 4t
Phenobarhitad-p=d=ahwl-d, D | SN 125 17

Thnes e givere e wontes. Ty dose was 5o dkg o fer
ach antinal, < Eaele (ost gronp consistinl of - twelvie wiee,
Groups A awed G servetl as vorteols for the simwlianeous towpar-
sore with groups B oand D, respertively. 4 As ieasured Dy Toss
of righting reflex.

The present data as well ax the above-cited observi-
tions indicate that the S-cthyl =nbstituent puarticipates
to o minor degree in the sedative action of oxyharbitu-
rutes. It contrtbution 1= probably duc to the merense
in lipid =olubility that it confers to the pyrimidine
nucleus of the molecule.  NMoreover, it wonld appenr
that alterations in the pharmaeologienl etivity of
barbiturates are dependent on structural mndifications
uvolving longer ormore branched d-alkyl substituents,
particularly a= in the cage of butyl groups.  arther
kinetie denterium isotope studies would prove vahaable
in determining the preeise pharmacologival funetion of
these molecular features.
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