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six or more interfacex above those of the minimun path-
way.

Until now the time element has not been seriously
conxidered in these deliberations.  Sinee the main in-
terest in work of this kind lies in the relative potencies of
drugs a8 measurcd in a standard biologieal test, 1t s
fair to limit our discussion to only those tests in which
the observation period ix the =mme in each instance.
Thus, in the measurement of poteney, time ix considered
to be held constant.  In looking at the time variable
one quickly vealizex that the observation pertod s
normally =ct by previous experience in dealing with
drngs of the type being studied.  So to begin with it s
known that the test svstemn allows sufficient time for at
least ome drug molecules to reach the receptors.  Now
if there are no membranes in the biological system, and
a drug ix administered as a concentrated dose in a small
region at one end of the system, the time it takes for one
of these added molecules to reach the other cnd 1x de-
fusion controlled. and ix a funetion of the molecules’
average veloeity, At a constant temperatire. mole-
cules of the same mass but of different chemieal strue-
tures will have the =ame average veloeitiex (there may
be exceptions of course); but cven if one molecule hax
twice the mass of another it will take it only 1.414
times as long to travel the sue dixtance. Henee,
other things being equal, the lighter molecules will have
a =lightly higher probability of reaching n particular
distant point than the heavier ones in a given period.

However, these differences are negligible compared to
those introduced when membranes and partition coeffi-
cients are conxidered, as is well known.  The introduc-
tion of membranes to the svstem does not really alter a
drug’s rate of travel. what it doex 1 to effectively -
ercase the distance it must cover, It may be repelled
at an mterfuce; in order to penetrate it. a molecule
must wander about vandomly until, by chanec, 1t
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strikes the interface again.  The molecule may have to
repeat thisx process many times. I it ix not very suc-
cessful, 1t will never reach the receptor to help effect the
biological response; after all, there i a time lhit.

At this point one may appreciate the above argument
on cquivalent most-probable routes,  Thoxe molecules
which travel by the routex of greatest probability will b
overwhelmingly represented at the receptor.  Almost
all others are wasted, What ix hmportant in deter-
ming the final outecome ix the particular pathway the
drug molecule travels, and the probability that a par-
ticular molecule penctrates an nterface upon collision,

Supposc two molecules with different partition cocfhi-
cientx happen to follow exaetly the same path, and are
repelled at various interfaces exactly the same number
of timex:  each moleeule arrives ut the receptor region
at approximately the same time (we make a small cor-
rection for the different masses).  Aninteresting event.
but surely the molecule whose partition coefficient is
least favorable has overcome greater odds to achieve its
status. Inoa particular test system practically all
molecules whieh reach the receptor travel by equivalent
most-probable routes and arrive at approximately the
same time.  The problem therefore reduces to deter-
miniug the probability that particular molceeales will
follow the most favorable routes, and thix of course ix
done by the arguments leading to e 15, Higher doses
of drugs with unfavorable partition cocefficients must he
adminstered in order to offer more chances for ecnough
moleculex to get through to the receptor i time to effeet
a responze.  The foregoing argument may not apply ro
all possible types of drugs. but it 1= probably valid tor
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The mnss spectra of warfarin [3-(a—acetonylbenzyl)-4-hydroxyconmarinj, a deuterinm labeled analog, .y hy-
droxylated analogs, and a reduced side chain analog are discussed and mechanisiic rationalizations are given for

the major fragmentarion processes observed.

These data rogether with nv, tle, and synthetic data are used 10

identify and establish 6- and 7-hyvdroxywarfarin aud the two diastereoizomers of 3-[a-(2-hydroxypropylhibenzyvlii-4-
hydroxy commarin ax metabolites of warfarin in normal man.

Warfarin [3-{e-acetonylbenzyl)-4-hvdroxycoumarin,
1a]is an oral anticoagulant commonly employed in this
country. Among the problems encountered in its elin-
ical use ix the oceasionally inordinate difficuity in the
maintenance of a stable degree of anticoagulation; asa
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consequence hemorrhage can result from the same drug
dose that previously produced acceptable hypopro-
thrombinemia. In addition the magnitude of the anti-
coagulant effect appears to be extremely sensitive to
the influence of other drugs. These effects can usually
be correlated with changes in the plasma clearance rate
of the coumarin anticaagulants,  For example? several

2) {a) 11, M. Nolvmon and J. J, Nebrogie, J. Pharmacol. Exp. Thev., 164,
560 (1966): (b) L. K. Garret/son, 1. M, Perel, and P G, Dayton, J. . Jaer.
e, Axx., 207, 2053 110640,
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Figure L.—Mass spectrum of 1a; (<) indicates the fragmentation route shown in Scheme I, («») indicates the fragmentation route
shown in Scheme III.

drugs which decrease the plasma clearance rate of the
anticoagulant increase anticoagulant response. Con-
versely several drugs which increase the plasma clear-
ance rate of the anticoagulant decrease the anticoagu-
lant response.! However, several drugs exhibit para-
doxical behavior in this regard. Phenylbutazone in-
creases the plasma clearance rate of warfarin but at the
same time increases the hypoprothrombinemic effect.*
On the other hand, chlorobetaine? significantly increases
the plasma clearance rate but has no effect on prothrom-
bin response. It would seem possible that the metab-
olism of warfarin or changes in its metabolism could
account for at least some of these effects. Unfor-
tunately, nothing is known about the metabolism of
warfarin in normal man.

In 1962 O’Reilly?® proposed the 7-hydroxy derivative
of warfarin 1b as a metabolite. His suggestion was
corroborated later by Hermodson and Link® who were
able to isolate and identify 1b and 6-hydroxywarfarin
(1¢) from the urine of an unusual patient’ with heredi-
tarv resistance to warfarin. The metabolic fate of
warfarin in the rat®® has been well studied and 6-, 7-,
the glucuronide of 7-, 8-, and 4'-hydroxywarfarin, ¢, b,
d, e, andf, respectively, as well as 2,3-dihydro-2-methyl-

(3) M. G. MacDonald, D. 8. Robinson, D. Sylwester, and J. J. Jasse,
Clin. Pharmacol. Ther., 10, 80 (1969).

(4) P. M. Aggeler, R. A. O'Reilly, L. 8. Leong, and P. E. Kawitz, X.
ngl. J. Med., 376, 496 (1967).

(5) R. A. O'Reilly, P. M. Aggeler, M. S. Hoag, and L. 8. Long, Thromb.
Diath. Haemorrh., 8, 82 (1962).

(6) M. A. Hermodson, ''Biochemical Studies on Warfarin," Ph.D. Thesis,
University of Wisconsin, Madison, Wis., 1968.

(7) R. A. O'Reilly, P. M. Aggeler, M. 8. Hoag, L. 3. Leong. and M, L.
Kropatkin, N. Engl. J. Med., 271, 809 (1964).

(8 (a) W. M. Barker, "The Metabolism of 4-14C-Warfarin Sodinm in
the Rat." Pb.D. Thesis, University of Wisconsin, Madison, Wis., 1965;
(b) K. P. Link, D. Berg, and W. M. Barker, Science, 150, 378 (1965): (c¢)
\W. M. Barker, M. A, Hermodson, and K. P. Link, J. Pharmacol. Exp.
Ther.. 171, 307 (1970).

4-phenyl-5-0xo-y-pvrano(3,2-c}{1Jbenzopyran (2) have
been identified. Cross species extrapolation of such
data however is hazardous. An investigation of the
metabolic fate of warfarin in normal man was thus
initiated.

CH,
0
CH.
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la H H COCH;
b 7-OH H COCH;
< 6-OH H COCH;
d 7-0-gluc H COCH;
e 8-OH H COCH;
f H 4'0H COCH;
g 5-OH H COCH;

h H CHOHCH;

Mass Spectroscopy.—To establish a capability for
elucidating the structures of unknown metabolites it
was essential that a detailed study of the behavior of
warfarin upon electron impact be carried out. The
mass spectrum of la is presented in Iigure 1. The
major fragmentation routes are supported by exact mass
measurements, metastable scanning, and specific deu-
terium labeling (Schemes I, IITI, and IV). Specific
structures and mechanisms have been invoked for the
formation of the fragment ions primarily to produce a
self-consistent rationale for the interpretation of the
spectrum and are to be regarded as reasonable possi-
bilities only. The base peak of the spectrum (M* —
43) (Tigure 1) arises from initial ionization of the side
chain C=0 followed by heterolytic cleavage and loss of
an acyl radieal to form the dihvdrofuranocoxonium ion
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SeaeM | the proton from the furano oxygen has been invoked
cH previously® for somewhat similar compounds and is
fey? supported by the occurrence of the corresponding ion
Y e at m/e 122 for the deuterated warfarin analog 3. The
”\()A/(‘H‘ second part of the post‘ulated mechanism 7.e., rearrange-
’ ment to form the ion at mse 121 and a neutral eyclo-
o HEH propenyl ketone is analogous to the abundant forma-
tion of eyelopropenyl ions in the fragmentation of a
07 =0 number of substituted furans.'® \oreover, the de-

mje 508

H +

: (=0
<A
0O

e 121

mse O3

at mge 265 (Scheme 1). This 1on loses benzene via
homolytie cleavage with H abstraction to yield the
resonance stabilized furanooxonium ion at m/e 187.
The direet formation of the ion at.me 121 from the ion
at mye 187 by the loss of C;H,O can be rationalized
mechanistically us shown in Scheme I.  The first part
of the mechanism, 7.e., heterolytic cleavage of the 1-2
bond followed by an electron shift and abstraction of

composition of an even electron ion into a neutral mole-
cule and another even electron ion iz known to be an
energetically favorable process."t  Alternately thix ion
can arise directly from the lon ut m/e 265, presumably
by a similar mechanism being operative prior to the oss
of CgHs. The last established fragmentation in this
sequence is simply loss of CO to generate the cyelo-
hexadienone cation at m/e 93.

i CD.COCD,
On ]
CHCH:
0 0
3

In order to gain evidenee for the postulated mechan-
isms and to aid the elucidation of the major fragmenta-
tion routes of 1a, 3 was prepared and its mass spectrum
studied (Figure 2). Examination of the region of the
molecularion and accounting for Y¥C isotopic abundancc
show that 349 is present as the hexadeuterio, 539, ax
a pentadeuterio. and 139 ax a tetradeuterio compound.

@) R. A. W. lohustoue, B. 1. Millard, F. M. Dean, aund A, W. 14N,
J. Chem. Soc. C, 1712 (19606).

(10) H. Budzikiewjcz, C. Djerassi, and ). H. Williams, "*Mass ¥pectrom-
etry of Organic Componnds" olden-Day, Inc., San Franciseo, Calif.,
1967, 1 615,

i1 F. W, Mcelafferty, Awol, Chenm., 81, 82 (1959).
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However, for the sake of clarity, only the fragmentation
of the hexadeuterio compound will be discussed. The
base peak ion of warfarin m/e 265 is now shifted to m/e
268, and the furanooxonium ion m/e 187 appears at
m/e 189. In addition, the lous at m/e 121 and m/e 93
are now shifted to m/e 122 and m/e 94, respectively.
These data are consistent with the proposed fragmen-
tation pathway. A reasonable alternative pathway,
involving resonance-stabilized carbonium ions, is shown
in Scheme II. However, if this pathway were mech-
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anistically important then 3 should give rise to a signifi-
cant amount of an ion at m/e 190 due to abstraction of
the rearranged H by Ph in a 268 — 190 transformation.
When ¥C isotopic abundance is taken into account, the
ion at m/e 190 has an intensity of less than 49, of the
ion at m/e 268. Thus this pathway would appear to
be of minor importance.

A second major pathway is initiated by heterolytic
cleavage of the Csbenzyl C-C bond (Scheme III).
The benzyl carbonium ion, m/e 147, loses H to yield the
resonance-stabilized vinyl carbonium ion at m/e 145.
This ion in turn loses CH, presumably through the
five-membered transition state shown with transfer of
H~ to the benzyl C to give rise to an oxonlum ion at
m/e 131. This ion fragments further, first by loss of
CO to give a styrene cation at m/e 103 followed by loss
of acetylene to give the Ph cation at m/e 77. Alter-
nately the oxonium ion at m/e 131 can fragment di-
rectly to the Ph cation at m/e 77. In addition to the
detection of metastable ions for each of these transfor-
mations, support for the proposed mechanisms can be
found in the spectrum of 3. The benzyl carbonium ion
m/e 147 is now shifted to 152, the vinyl carbonium ion
145 is shifted to m/e 149, the oxonium ion m/e 131 to
m/e 133, and the 1on at m/e 103 to m/e 103.

A third minor pathway centers around the formation
of an ion at m/e 251, C1gH1,Os, which arises from a num-
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ber of ions and which in turn decomposes directly into a
number of different ions (Scheme IV). The ion at m/e
290 presumably arises from thermal dehydration of a
small amount of the hemiketal. Indeed it has been
claimed that warfarin exists almost exclusively as the
tautomeric hemiketal.’? Qur data, however, suggest
that under the conditions of the determination of the
mass spectrum it is of only minor importance. As in-
dicated in Scheme III, metastable scanning shows that
the ion at m/e 251 arises directly from the molecular
ion, 308, the ion at m/e 290, and the base peak lon at
265. It then decomposes directly to yield ions at m/e
249, 131, or 121, As expected, the ions at m/e 251 and
290 are shifted to m/e 252 and 294, respectively, in the
spectrum of 3.

Since ionization of the acetonyl side chain of warfarin
dominates its mass spectrum and since the fragmenta-
tion routes shown in Schemes I and II1 reflect the break-
down of the coumarin and Ph side chain portions of the
molecule, respectively, it would seem reasonable to
anticipate that metabolic changes in any or all of these
portions of the molecule would be reflected in changes in
the corresponding fragmentation route.

To examine this hypothesis, the mass spectra of
5-, 6-, 7-, 8-, and 4'-hydroxywarfarin, 1g, ¢, b, e, and f,
were determined and are shown in Figures 3-7, re-
spectively. Exact mass measurement indicates that
the fragmentation routes for warfarin (Schemes I, I1I,
and IV) also ocecur in the spectra of the secompounds.
In the case of 1g, ¢, b, and e, Figures 3-6, the ions shown
in Scheme IIT are “normal”’ whereas those shown in
Schemes I and IV occur 16 mass units higher. These
observations identify hyvdroxvlation of the coumarin
nucleus. As might be expected the mass spectrum of
1f, Figure 7, shows just the opposite phenomenon, 7.e.,

(12) E. Renk and W, G, Stoll, Fortschr. Arzneimittelforsch.. 11, 226 (1968),
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those ions after loss of Ph shown in Schemes I and IV
are “normal”” whereas those shown in Scheme III oceur
16 mass units higher, indicating that PPh must be the
portion of the molecule thut is hydroxylated.

Among all the compounds discussed so far, only the
maws spectrum of 1g shows an extremely intense ion,
SH9% baxe peak, at mrfe 178, CoHgO, \letastable
seanning shows that the ion arises directly from the
parent ion. If one agsumes some small amount of the
keto form, its formation ean be rationalized mechanis-
tically aceording to Scheme V. Support for this mech-

SeHepME V
HO %}mmmm HO M
0O 0+ ) Or---30
3 fenen,  — Q
070 070
m/je 324 mie178

ani=m is suggested by the fact that the corresponding
jon mse 162 in the mass speetrum of warfarin shifts to
m/e 163 in the mass spectrum of 3, Iigure 2. The
stability of this ion in the mass speetrum of 1g could be

accounted for by a sharing of a nonbonded electron
between the 4- and 5-OH groups. Having now gained
a knowledge of how warfarin and similar compounds
behave upon electron impact the problem of the ixola-
tion and identification of potential metabolites wuas
undertaken.

Isolation and Identification of Metabolites.—1,2-
Dichloroethane-BuOH extracts of acidified urine ob-
tained from individuals both before and after receiving
warfarin were examined by tle on silica gel.  Coumarin
and coumarin derivatives are known to fluoresce!® upon
irradiation with short-wave uv light and it was upon
this basis that suspected metabolites were detected and
followed through the isolation and purifieation proee-
dures emploved. Fluorescent loei, not present in con-
trol samples, were enumerated according to their chro-
matographic behavior on silica gel after an initial de-
velopment in a 1,2-dichloroethane-Me,CO system,
9:1. With this svstem blue fluorescent spots were
noted at R¢'s of 0.75, 0.50, 0.23, 0.10, and 0 and werc
designated compounds A through E, respectively. A
compound with vellow fluoresence migrated with an
R; of 0.19 and was designated Cy. Determination of
the mass spectra of compounds C and Cy and exact

(13) Y. Ichimvra, Vikwgaku Zoschi, 79, 1079 (1959).
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Figure 3.—Mass spectrum of 1g; (<) indicates the fragmentation route analogous to that shown in Scheme I, («») indicates the
fragmentation route shown in Scheme II1.
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Figure 4.—Mass spectrum of le.

mass measurement of structurally significant ions (see
preceding section) indicated that these compounds were
coumarin ring hydroxylated warfarin metabolites.
The uv spectrum of compound C (Apax 329 myu, 0.25 N
NaOH) was found to be identical with that obtained
from a synthetic sample of 1b and different from those
obtained for 1g, ¢, and e. In addition, the behavior of

compounds C and 1b was found to be identical in
several different tle systems.

The uv spectrum (Apayx 302 mu, 0.25 ¥ NaOH) for
Cy was found to be identical with that obtained from
both le¢ and le. Together with the above data com-
parative tle in cyclohexane-ethyl formate-formic acid,
100:200:1 established this compound as 1e.
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Figure 6.—Mlass spectrum of le.

The mass speetrumn of the compound designated D
gave an ion at mfe 310 which upon exact mass mea-
surement was found to have the empirical formula
CiHisO4, suggesting a compound similar to warfarin
but having additional H.  The lack of any significant
amounnt of an ion at m/e 267 and the appearanee of an

intense ion at 292 (M+ — Hx0) strongly implied reduc-
tion of the side chain CO of warfarin to 8-[a-(2-hydroxy-
propyl)benzyi}-4-hydroxyeoumarin, 1h, as a metabolic
transformation. In addition ions at m/e 265, 187, 121,
and 93 were found to be present and were found to have
an empirical formula consistent with the ions shown in
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Figure 7.—Mass spectrum of 1f; (<) indicates the fragmentation route analogous to that shown in Scheme I, («») indicates the fragmen~
tation route analogous to that shown in Scheme III.

Scheme I. Reduction of warfarin with NaBH, gave an
essentially quantitative yield of the two possible dia~
stereoisomers'* of 1h. The mass spectrum of this mix-
ture is shown in Figure 8. Not unexpectedly the frag-
mentation pattern is considerably different from that
given by la-g; however, a fragmentation route corre-
sponding to that shown in Scheme I is present. The
origin of this route is presumably due to initial ioniza-
tion of the side-chain OH followed by heterolytic cleav-
age and loss of the radical CH;CHOH to form the di-
hydrofuranooxonium ion at m/e 265 in a fashion analo-
gous to that shown (Scheme I). Compound D and
synthetic mixture 1h gave identical uv spectra (Amax
309 my, 0.25 N NaOH) and ran identically in the 1,2-
dichloroethane-Me;CO (9:1) tle system. These data
would seem to establish clearly the identity of D as one
or a mixture of all four possible'* isomers of 1h. Sub-
sequently it was found that the mixture of diastereo-
isomers of 1h could be separated in a tle system of eyclo-
hexane-ethyl formate—-formic acid, 100:200:1. When
D was cochromatographed with 1h in this system it
separated into two spots D; and D;, each of which cor-
responded to one of the synthetic diastereoisomers,
Elution of Dy and D, and comparison of the uv and mass
spectra to those given by the corresponding diastereo-
isomers of 1h established the identity of D; and D, as
the two diastereoisomers of 1h.

Discussion

The finding of 6- and 7-hydroxywarfarin now estab-
lishes these oxidative biotransformations in “normal

(14) It is recognized that this statement is only true provided 1lh exists
exclusively in the enolic 4-OH form. If the tautomeric 4-keto form is of
bnportance whicli it well may be, then 8 isomers are possible, However,
if the tautomerisi is facile, separation and eharacterization of the isomneric
pairs about C3 would Le extrewely difficult if not impossible,

mal,” a patient with hereditary warfarin resistance,
and the rat. In addition it should be noted that these
compounds have been shown to be without significant
anticoagulant activity at least in the rat.«

On the other hand there would seem to be reason to
suspect that the two diastereoisomers of 1h may have
significant anticoagulant activity on the following
grounds. On a molar basis phenprocoumon (4) is
known to be a more potent anticoagulant than warfarin
while cyclocumorol (5)'% although not as potent as
warfarin, still has significant activity. Thus it would
appear that molecular modification of the side chain
does not abolish or greatly decrease the response. This
possibility is currently being investigated and prelim-
inary data from the Rhesus monkey suggest that 1h is
indeed active,

CH, OCH,
OH C:Hs O
CHC.H,
~ T cH,
07" Xp 07 >0
4 5

The question of the optical purity of Dy and Ds re-
mains to be resolved. These compounds could of
course be racemic mixtures but the fact that aleohol
dehydrogenases are known to be stereospecific reduc-
ing enzymes leads one to speculate that perhaps the
enzyme(s) responsible for reduction of the warfarin side
chain is also stereospecific. It would appear that at

(15) L. B. Jaques, '‘Anticoagulant Therapy,"' Charles C Thomas, Inc.,
Springfield, I, 1965, p 92.

(16) (a) F. A. Loewus, F. 1. Westheimer, and 3. Vennesland, J. Amer.
Chem. Sve., T8, 5018 (1053): (b) G. J. Karabatsos, J. 8. Fleming, N. lIsi,
and R. H. Abeles, ibid., 83, 2676 (1961).
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Fignre 8.— Mass spectinmn of 1h; (<) indicates the fragmention roate nualogons to that shown in Scheme 1.

least the oxidative enzymes are stereospeeifiet sinee the
7-hydroxywarfarin isolated from the patient with war-
farin resistance was shown to be optically aetive. In
addition it is known that in the rat the (8) enantiomer
of both phenprocoumon' and warfarin®® isx about 5
times as active as the corresponding (R) enantiomer
suggesting that each of the 4 isomers of 1h may have
significantly different anticoagulant activities. Thix
possibility and the establishment of both the relative
and absclute configurations of these 4 isomers is cur-
rently under investigation.

Experimental Section

All of the compounds studied were introduced mto an ALI
Model MS-902 mass spectrometer via the direct insertion probe
and were vaporized at temps between 200 and 250°. Exact maxss
measurements were made by the electrical peak-matching tech-
niquie using perfluorotributylamine as standard. The metastable
scanning was done emiploying the techuiques described by Jen-
nings, e al.’®  Uv spectra were recorded on a Zeiss PMO IT or

HIT) B DL West, J. N. Elle, W, M. Barker, and K. V. Link, .J. Heterocyel.
Chem., 2, 93 (196H).

(18) .I. N. Eble, B. D,
1003 (1068).

(19) (a) M, Barber anil R, M. IXlliott, 12th Anunal Counference on Mass
Spectrometry and Allied Topics, Committee E14, ASTI, Montreal, 1964;

West, and K. P, Link, Biochewn. Mhrmucol., 15,

n Carey Model 11 spectrophotomerer.  Details coucerning the
extracrion and 1le technignue emiployed have been deseribed else-
where.®  Sawmples of 6-, 7- 8-, nnd 4-hydroxywarfarin were
gracionsly snpplied by M. Hermodson and K. Link while d-hy-
droxywarfarin was synthesized in this laboratory according 1o
the procedure described by Hermodson.?

3-{a~(2-Oxopropyi-1,1,3,3,3-d;)benzyl] -4d-deuterioxycoumarin
(2).—-A sohtion of 0.10 g of the Na salt of 1a in 10 ml of 99.8¢,
12,0 was stirred at room temp for 72 hr. "I'he exchanged produet
was pptd by addition of a few drops of coned HCI and extiacted
with CHCL. The CHCL was dried (Na.80s) and then cvapd
and the residiie subjected to mass spectral analysis.

3-|a~(2-Hydroxypropy!)benzyl] -4-hydroxycoumarin (lg) -\
<olntion of 50 g (0.152 mole) of 1a and 4.3 g (0.1714 mole) of Nal3li;
250 mib of HaO was stiived at 25° for 1 by, Iixeess NaBH, was
dextroyved and the produet pptd npou acidification with dit HCL
The amorphorous ppt was filtered, washed with H,Q), und vacunm
dried. This material ran as a single flnorescent spot, differem
from starting material, on tle, siliea gel, MeOH-~benzene, 33:77.
The ir, uv, and maxs spectra were cousistent with rhe assigned
strueture, mp 84-110°.

ih K. R. lennings, J. Cheot. Fhygs,, 48, 4176 11w65); (¢) 111 Panrell, KR,
Ryan apd L. W. Sieck, ¢bid., 48, 1832 (1963); (1) K. R. Jennings, Chern,
Copmauor., 283 119661,

1200 R. 1 Lewis and W, I, Trager, JJ. Cliw. Turvest,, 49, YOT 11970].

+21) Hermodson's syntbetic seqvence was ntilized as reported except
yoxane was substituted for Ph1in the condensation of 2.6-dicarbuerhylony-
acetopbenone to H-carboetLyloxy-4-hylroxyconmarin.




