[11C)Hydantoins

at 75-80° for 0.5 hr. The reaction mixture was decomposed with
water and the separated solid was crystallized from benzene: yield
0.22 g (256%).

(c¢) The butanol 2 when heated under reflux with EtOH-HCI
(4%) gave 3 in 15% yield.

trans-2,2-Dimethyl-3-phenyl-4-p-(3-pyrrolidinoethoxy-
phenyl)-7-methoxychroman (34). (a) Alkylation of 3 with
B-pyrrolidinoethyl chloride hydrochloride as mentioned above for
7 gave 34 in 92% yield which was converted to its HCI salt and
crystallized from ethanol-ether: mp 164°. Anal. (C30H3sCINO3)
C,H, N.

(b) Buli (35 ml of 19.85%) in THF was added to a suspension
of 33 (23.6 g, 0.05 mol) in 250 ml of anhydrous Me2SO at room
temperature under nitrogen atmosphere under good stirring. The
resulting red solution was stirred for further 3 hr and then de-
composed with 50 ml of cold water. The reaction mixture was
then poured over 1.5 1. of an ice-water mixture and extracted with
ether. The organic layer was washed well with water and dried
(Na2S04), the solvent distilled off, and the residue converted to
its HCI salt and crystallized from ethanol-ether: yield 24.8 g
(97.4%); mp 164°.

cis-2,2-Diethyl-3-phenyl-4-(p-hydroxyphenyl)-7-meth-
oxychroman (35). High-pressure hydrogenation of 24 following
the procedure used for 7 yielded 35 in 68% yield. The solid was
recrystallized from benzene—hexane: mp 186°. Anal. (C26H2s803)
C, H.

cis-2,2-Diethyl-3-phenyl-4-p-(8-pyrrolidinoethoxy)-
phenyl-7-methoxychroman (36). Alkylation of 35 with 8-
pyrrolidinoethyl chloride hydrochloride as mentioned above for
33 gave a 93% yield of 36 as a solid compound which was re-
crystallized from benzene-hexane: mp 133-133.5°. Anal.
(C32H39NO3) C, H, N.

trans-2,2-Diethyl-3-phenyl-4-p-(8-pyrrolidinoethoxy)-
phenyi-7-methoxychroman (37). Isomerization of 36 using BuLi
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in Me2SO as mentioned for 34 yielded 81.3% of 37 which was
converted to its HCI salt and crystallized from 2-propanol: mp
227°. Anal. (C32H4CINOs) C, H, N.
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The preparation and vy-scintigraphic evaluation of the in vivo distribution patterns in dogs of a series of structurally
related hydantoins labeled with the positron emitting, 20.4 min half-life radionuclide, carbon-11 are described.
Carbon-11 labeled HCN was collected in water or aqueous Me2SO containing carrier KCN following cyclotron
bombardment of 99% N2-1% H2 gas mixture with 22 MeV protons for 1 hr at 25-35 uA. Five 11C-labeled
5,5-dialkylhydantoins, three [11C]diarylhydantoins, five [11C]-5-alkyl-5-phenylhydantoins, and five [11C]spirohydantoins
were prepared by heating, generally under pressure, a mixture of 11C-labeled KCN, which was produced by isotopic
exchange with carrier KCN, the corresponding aldehyde or ketone, and excess (NH4)2CO3z in aqueous ethanol or
Me2SO0 solvent. The 11C-labeled hydantoins were dissolved in 1-1.5% aqueous NaOH for intravenous administration
to dogs. Total synthesis time was 70-106 min and 1-59 mCi of final product was available for conducting serial
in vivo imaging for up to 2 hr or more with the v-scintillation camera. Carbon-11 activity from all compounds showed
initial blood-pool distribution with variable concentration of activity in the brain, lungs, liver, and kidney. All of
the 11C-labeled diarylhydantoins, and most having one phenyl substituent, and one having a hexamethylene moiety
showed initial accumulation of 11C activity in brain. Carbon-11 labeled 5,5-diphenylhydantoin (dilantin) showed
the greatest qualitative accumulation of activity in the brain. Those 11C-labeled hydantoins having a carboxyl
substituent showed prominent renal concentration and urinary excretion of activity. Most 11C-labeled hydantoins
showed a progressive homogenous whole body distribution of activity in all cellular tissues of the body. The relatively
uniform distribution of activity in cellular tissues and slow excretion from the body support the thesis that the
pharmacologic action of the hydantoins is related to physical effects on biomembranes rather than to specific chemical
interactions with cell constituents.

Data presently available from experiments using
14C-labeled compounds are insufficient to predict ade-
quately the relationship between molecular structure of
an organic compound and its in vivo distribution pattern
as studied by scintigraphie techniques. This is so for

several reasons. The inherent low specific activity of
14C-labeled compounds makes 14C an unsuitable label for
evaluation of in vivo distribution patterns of molecules
whose in vivo distribution demonstrates a strong “carrier”
effect in the range of the quantity of 14C-labeled material
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required for the experiment. Studies of in vivo distribution
patterns of 14C-labeled compounds require serial sacrifice
of essentially identical isogenic animals and assessment
of changes in 14C activity in organs in vitro as a function
of time after administration. This demands a priori insight
in choosing the proper time intervals for such sacrifice and
selection of samples of the proper tissues for in vitro assay
to detect in vivo distribution behavior of interest occurring
at a given time in a given tissue. Such insight is rare except
in the study of metabolic behavior which is already well
known and in which distribution kinetic studies offer little
additional insight. The complexity of proper tissue
sampling for assessment of in vivo distribution patterns
using 14C-labeled compounds cannot be underestimated.
The relative accumulation of the 14C label in various
portions of a presumed homogeneous tissue may be quite
disparate. For example, ubiquitous skeletal muscle, bone,
and bone marrow may show wide variations in accumu-
lation of a given substrate in samples of the tissue obtained
from different sites in the body, often depending on their
relative blood perfusion at the time of the study in the
given animal being studied. Comparison of relative 14C
activity in the rectus femorus muscle, the femur, and
femoral bone marrow with activity in brain for a given
compound obtained with 14C in rats may provide limited
insight into the contribution of activity in skull and
temporalis muscle in imaging the brain of human subjects
when a congener of the compound in question is syn-
thesized incorporating a +y-emitting radionuclide.
Moreover, the limited in vivo distribution data using
14C.labeled compounds presently in the literature were
obtained in a fashion which often provides little insight
into prediction of distribution patterns of use in nuclear
medical studies involving qualitative and quantitative
scintigraphic image interpretation of in vivo radioisotope
distribution in man. The methods involved in study of in
vivo distribution patterns using 14C as a tracer are not only
not applicable in man but also are usually of limited
usefulness in any large mammal where large colonies of
identical isogenic subjects are unavailable.

We believe that definition of the relationship between
molecular structure and the in vivo distribution patterns
of organic compounds would have significant implications
in nuclear medicine (e.g., in “designing” radiopharma-
ceuticals to achieve a desired result). We further believe
that it would be extremely difficult to obtain such in-
formation using 14C as a tracer in a manner which could
lead directly to its application in qualitative and quan-
titative scintigraphic studies in man because of the reasons
noted above. Definition of the relationship of molecular
structure to scintigraphically determined in vivo dis-
tribution can be achieved using 1!C as a tracer for organic
compounds as long as the in vivo behavior being studied
can be defined within the time limits set by physical decay
of 11C, which, at present, averages approximately 2 hr. The
remarkable usefulness of scintigraphic images in rapidly
conveying complex data to the human mind is well es-
tablished in nuclear medicine. The use of 11C allows for
direct imaging and quantitation of tissue-distribution
patterns in a fashion which cannot be readily matched by
the indirect techniques afforded by the use of 14C.
Similarly, use of 11C-labeled agents allows for performance
of noninvasive pharmacokinetic studies where one is in-
terested in obtaining data concerning uptake and release
of label from a radioactive compound in specific organs
and tissues of a single subject.

We have instituted a program of systematic development
of techniques for rapid synthesis of families of 11C-labeled
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compounds and for serial scintigraphic evaluation of their
in vivo distribution patterns. The organic synthesis
methods used are modifications and time-yield optimi-
zations of known synthetic reactions. The purposes of this
effort are (a) to develop methods for making large numbers
of 1C-labeled compounds available for present and future
study and (b) to survey the in vivo distribution patterns
of the compounds synthetized using nondestructive in vivo
methodology most applicable to their potential use in
nuclear medicine (e.g., v scintigraphy in intact animals).

In our program of systematic synthesis of 11C-labeled
compounds and evaluation of their in vivo distribution by
means of v scintigraphy, we have at present studied a
variety of 11C-labeled carboxylic acids, hydantoins, nitriles,
amines, cyanate and hydroxyurea, «-amino acids, a-
aminonitriles, cyanohydrins, and «-hydroxy acids. The
first paper in this series described our results with 26
11C-labeled carboxylic acids! and the second with 22
11C-labeled «-aminonitriles.2 The present paper describes
our results with 18 11C-labeled hydantoins.

Experimental Section

Materials and Methods. Carbon-11 labeled HCN was
produced by cyclotron bombardment of a 99% N2-1% Hg gas
target with 22 MeV protons using procedures and equipment
described previously.? The gas stream containing carrier-free
[11C]HCN was passed through 25 ml of H20 or aqueous Me2SO
containing approximately 5 mg each of (NH4)2COs and KCN.
This resuited in 11C labeling of the KCN by isotopic exchange.
An average of 761 mCi of [11C]cyanide for 19 runs was trapped
in the solution following 1 hr of bombardment at 25-35 uA.
Carrier KCN (generally 5 mmol), an equivalent amount of the
corresponding aldehyde or ketone, and a 2-10 mmol excess of
(NH4)2CO3 were added to the solution. Ethanol was added to
make a 50-60% aqueous ethanol solution for those reactions not
conducted in aqueous Me2SO. The solution was heated, generally
in a pressure reaction apparatus, for 2060 min and then poured
into cold dilute NaOH which dissolved the hydantoin in the basic
solution which was subsequently extracted with ether. The
alkaline solution was cooled and acidified with concentrated HCI,
and the precipitated hydantoin was filtered and washed with cold
aqueous alcohol or water. The hydantoin was dissolved in a small
quantity of 1-1.5% aqueous NaOH which was administered
intravenously to dogs. Typically, the total synthesis time varied
from 70 to 106 min, and activity averaging 20 mCi of final product
was available for intravenous injection. A weighed sample of the
[11C]hydantoin was purified either by recrystallization from
aqueous C2HsOH or by dissolving in base, extracting with ether,
and acidifying the alkaline solution. The precipitated [11C]-
hydantoin was dried and specific activity measurements were
determined.

In vivo distribution patterns of the intravenously administered
11C-labeled hydantoins were evaluated scintigraphically using a
Searle Radiographics HP scintillation camera fitted with a pinhole
collimator containing a 1-cm diameter hyperbolic aperature. Such
distribution patterns only reflect qualitative to semiquantitative
distribution of the !1C label in the body because of variable
geometric and absorption factors. True quantitative scintigraphic
data and images of 11C distribution in vivo can be obtained using
coincidence imaging techniques. Such techniques were not utilized
in the present work. Quantitative estimates of organic and tissue
distribution of activity were obtained by placing the organs and
tissues obtained at necropsy at fixed geometrical positions in front
of a thallium-activated Nal scintillation detector and analyzing
detected scintillation events using routine methods.

Results

A. Synthesis. The 11C-labeled hydantoins which were
prepared in this study are listed in Tables I-IV. The more
water-soluble [11C]hydantoins listed in Table I, e.g., 5-
(2-methylthioethyl)hydantoin, 5,5-diethylhydantoin, and
levulinic acid hydantoin, were isolated by evaporation of
the aqueous ethanol reaction mixture to a volume of 5-10
ml followed by cooling and acidification with concentrated
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Table I. Preparation of Carbon-11 Labeled 5,5-Dialkylhydantoins

R, !CO-NH
R,COR, + K''CN + (NH,),CO, 30% 8 CH:0H g
A, pressure, /A
20-30 min R, NH—CO
__ffgd_uc_t____ Radio- Total
K''CN, mCi, ¢, mCi mCi chemical Chemical synthesis
(mmol rxn scale) R, R, to tinj yield, % yield, % time, min
634 of CH,SCH,CH, H 494 7 7 71
Na''CN
(12)
449 (5) C,H, C,H, 1637 15 36 50 71
373 (10) n-C,H, n-C,H, 44¢ 2 12 90
327 (10) i-C,H, i-C,H, 224 1 7 11 75
377 (5) CH, CH,CH,COOH 111¢ 10 30 15 70

¢ E. Pierson, M. Giella, and M, Tishier, J. Am. Chem. Soc., 70, 1450 (1948), obtained a 79% yield of methionine
hydantoin on a 0.25-mol reaction scale after heating 3-methylthiopropanal (0.25 mol), NaCN (0.5 mol), and (NH,),CO,
(1.17 mol) 4 hr at 50-55° in 50% aqueous ethanol: mp 103-105°. Similarly, D. O. Holland and J. H. C. Nayler, J. Chem.
Soc., 3403 (1952), obtained an 89% yield of crude methionine hydantoin by including triethylamine and boiling for 15 min,
followed by evaporation to 1-2 ml, and acidification: mp 108°, after recrystallization from water. We have obtained
40-50% yields of methionine hydantoin of mp 98-100° on 6-, 12-, and 25-mmol reaction scales of nonradioactive NaCN
and CH,SCH,CH,CHO and a twofold excess of (NH,),CO, following this latter procedure. The infrared spectrum of prod-

uct agreed with Sadtler Standard Grating Spectrum No. 13821,

Radioactive procedures were conducted on 12-mmol

reaction scales in 50 ml of 50% aqueous ethanol in a pressure bottle heated in a boiling water bath for 25 min. ? S. D.
Upham and O. C. Dermer, J. Org. Chem., 22, 799 (1957), obtained a 64% yield of 5,5-diethylhydantoin on a 1-mol reaction
scale after heating 3-pentanone (1 mol), NaCN (1.8 mol), and (NH,),CO, (3.3 mol) for 10-20 hr at 58-60° in 50-65%
aqueous ethanol: mp 163°. In nonradioactive experiments, we obtained 70% averaged yields of 5,5-diethylhydantoin on
a 5-mmol reaction scale after heating KCN (5 mmol), 3-pentanone (5.2 mmol), and (NH,),CO, (20-42 mmol) in 25 mi of

50% aqueous ethanol under pressure for 20 min at 190-200°.

The solution was evaporated to a volume of 5 ml prior to

acidification with concentrated HCl: mp 165.5-166°. The experimental infrared spectrum agreed with Sadtler Standard
Prism Spectrum No. 21186. ¢ Errera, Gazz. Chim. Ital., 26 (I), 207 (1890), reported mp 199° for 5,5-dipropylhydantoin as

prepared from dipropylcyanoacetamide and Br, and KOH.

In nonradioactive experiments, we obtained a 65% yield of

5,5-dipropylhydantoin on a 10-mmol reaction scale after heating KCN (11 mmol), 4-heptanone (10 mmol), and (NH,),CO,
(40 mmol) for 30 min at 70° and 15 min at 80° in 25 ml of 60% aqueous ethanol, followed by evaporation to a volume of
10 ml, addition of 5% aqueous NaOH, extraction with ether, and acidification with concentrated HCl: mp 200-201°. The
experimental infrared spectrum agreed with Sadtler Standard Prism Spectrum No. 21196. 43.D. Upham and O. C.
Dermer, see footnote b, prepared 5,5-diisobutylhydantoin on a 1-mol reaction scale in 12% yield by heating diisobutyl
ketone (1 mol), KCN (1.3 mol), and (NH,),CO, (3.3 mol) in 50-65% aqueous ethanol at 58-60° for 10-20 hr: mp
147-148°. A. Lumiere and F. Perrin, Bull. Soc. Chim. Fr., 35, 1022 (1924), reported mp 220° (as prepared from diiso-
butylcyanoacetamide and alkaline sodium hypochlorite). In nonradioactive experiments, we obtained 5,5-diisobutylhydan-
toin in averaged yields of 21% on a 10-mmol reaction scale of KCN and diisobutyl ketone and 50 mmol of (NH,),CO, by
heating at 100-200° for 30-60 min in a pressure bottle in 25 ml of 50% aqueous ethanol, followed by evaporation to a
volume of 10 ml prior to the addition of 10% aqueous NaOH, extraction with ether to remove unreacted ketone, and
acidification with concentrated HCi: mp 219-221°. ¢ H. R. Henze and R. J. Speer, ADI Document 16083, supplement to
J. Am. Chem. Soc., 64, 522 (1942), obtained levulinic acid hydantoin on a 20-mmol reaction scale after heating levulinic
acid (20 mmol), KCN (40 mmol), and (NH,),CO, (80 mmol) for 2 hr at 60° in 50% aqueous ethanol: mp 156.5-157.5°.

K. Pfister et al., ibid., 77, 697 (1955), obtained this hydantoin in 87% yield upon heating levulinic acid (4.3 mol), NaCN
(66.5 mol), and (NH,),CO, (4 1b) in water at 58-60° for 18 hr: mp 159-160°. In nonradioactive experiments, we
obtained averaged yields of 46 and 67% of levulinic acid hydantoin on a 5- and 10-mmol reaction scale, respectively, of KCN
and levulinic acid and a five- to eightfold excess of (NH,),CO, by heating at 160-200° for 20-30 min in a pressure tube in
24-30 mi of 25-50% aqueous ethanol, followed by evaporation to a volume of 5 ml prior to acidification with concentrated
HCl: mp 154-156°. The experimental infrared spectrum agreed with Sadtler Standard Prism Spectrum No. 22649. The
" C-labeled hydantoin was dissolved in 7.5% aqueous NaHCO, prior to its intravenous administration to dog.

HCl. 5,5-Dipropyl- and 5,5-diisobutylhydantoin were
isolated by evaporation of the reaction mixture to a volume
of 10 ml with subsequent cooling and addition of 5 ml of
10% aqueous NaOH, foliowed by extraction with ether to
remove unreacted ketone. The hydantoin was isolated
from the alkaline solution upon acidification with con-
centrated HCl. The 11C-labeled hydantoins listed in
Tables II-IV were isolated from the aqueous Me2SO re-
action mixture by the addition of 50-75 ml of 5% aqueous
NaOH (which diluted the Me2SO solvent and converted
the hydantoin into the water-soluble sodium salt), followed
by extraction with ether to remove unreacted ketone. The
crystalline hydantoin was obtained upon subsequent
acidification of the alkaline solution with concentrated
HCl. The purity and structure of the hydantoin were
confirmed by the agreement of melting point and infrared
spectrogram data obtained for the product with the re-
spective data reported in the literature. Prior to the 11C
reaction, each hydantoin was prepared by reacting the
appropriate aldehyde or ketone with nonradioactive KCN

and (NH4)2COs under experimental conditions designed
to optimize the yield at minimal reaction times as de-
scribed in Tables I-IV. The resulting hydantoins were
isolated and purified, and their melting points and infrared
spectra were determined as a confirmation of their re-
spective data reported in the literature.

B. In Vivo Distribution. Figure 1 scintigraphically
demonstrates the initial in vivo distribution pattern seen
during intravenous administration of 11C-labeled hy-
dantoins containing approximately 2 mmol of carrier
hydantoin. The particular compound whose results are
shown in Figure 1 was 11C-labeled 5,5-pentamethylene-
hydantoin. In all cases, 11C activity appeared in the
veinous drainage of the injection site with variable re-
tention in the vein wall proximal to the site of injection.
In several cases, some retention of activity was seen in the
region of the valves in the veinous drainage system. In all
cases, some initial retention of activity in the lungs was
seen. The degree of such retention was variable. As
activity cleared the lungs, concentration in liver was seen
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Table II. Preparation of Carbon-11 Labeled Diarylhydantoins

Ar, '"CO—NH

\/
oy 80-90% aq Me,SO
Ar,COAr, + K"CN + (NH,),CO, T T /C\
Ar, I\II—CO
Ar,
Froduct Radio- Total
K'"CN, mCi, ¢, mCi mCi chemical synthesis
(mmol rxn scale) Ar, Ar, Ar, L tinj yield, % time, min
159 (15) C.H. C.H. H 58¢ 2 36 106
2103 (3) p-CIC H, p-CIC.H, H 2390 7 11 105
640 (5) C,H;, H C.H, 112¢ 1§ 18 105

@ H. R. Henze, U.S. Patent 2409 754 (Oct 22, 1964) [Chem. Abstr., 41, 1250d (1947)], obtained a 67% yield of 5,5-di-
phenylhydantoin (dilantin) on a 55-mmol reaction scale by heating benzophenone, KCN, and (NH,),CO, in 60% ethanol for
90 hr. Similarly, in protic solvent systems, e.g., ethylene glycol and trimethylene glycol, dioxane, and ethanolamine, a
97.5% yield of dilantin was obtained after 6 hr at 110° on a 0.5-mol reaction scale: mp 293-296°. In nonradioactive
experiments, we obtained a 35-40% yield of dilantin on a 15-mmol reaction scale by heating KCN (18 mmol), benzo-
phenone (15 mmol), and (NH, ),CO, (50 mmol) in 30 ml of 90% aqueous Me,SO under pressure at 135-140° for 1 hr: mp
296-298°. The experimental infrared spectrum agreed with Sadtler Standard Prism Spectrum No. 5470 and 8026. ° H. R.
Henze and A. F. Isbell, J. Am. Chem. Soc., 76, 4152 (1954), prepared 5,5-bis(p-chlorophenyl)hydantoin in 94% yield on a
0.1-mol reaction scale by heating 4,4'-dichlorobenzophenone (0.1 mol), KCN (0.11 mol), and (NH,),CO, (0.3 mol) in fused
acetamide under pressure at 110° for 9-48 hr: mp 319-320° (recrystallized from dioxane). In nonradioactive experi-
ments, we have prepared this hydantoin in 62% yield on a 5-mmol reaction scale of KCN and the ketone and 42 mmol of
(NH,),CO, upon heating the reagents in 30 ml of 80% aqueous Me,SO at 190-200° for 45 min under pressure: mp 305-
306.5°. In 50% aqueous Me,SO, the hydantoin was produced in 25% yield: mp 305-306° (unrecrystallized). ¢ Carbon-11
labeled 1,5-diphenylhydantoin was prepared by reacting sodium cyanate (4 mmol) with [''C]-«-anilinophenylacetonitrile in
5 ml of acetic acid solvent at 85° for 18 min, with subsequent conversion of the intermediate [''C }a-ureidonitrile to the
[''"CJhydantoin upon boiling with 10 ml of concentrated HCl. Chemical yields of nonradioactive optimization experiments
were 50-55% (27-35% overall from benzilideneaniline): mp 202-204° [reported mp 204-206°: E. Testa and R. Ettorne,
Arch. Pharm., (Weinheim, Ger.), 290, 532 (1957)]. [''CJ«a-Anilinophenylacetonitrile was prepared by reacting ''C
NaCN (5 mmol) and benzilideneaniline (5 mmol) in 65 ml of 60% aqueous ethanol containing 0.4 ml of acetic acid at 85°
for 10 min with subsequent cooling. Chemical yields of nonradioactive optimization experiments were 55-63%; mp 84-
85° [reported mp 85-86°: L. Neelakantan and W. H. Hartung, J. Org. Chem., 24, 1943 (1959)], and 91° [J. S. Sandhu, P.
S. Sethi, and S. Mohan, J. Indian Chem. Soc., 48, 89 (1971)].
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Figure 1. Serial in vivo distribution patterns of "'C
activity during and immediately following intravenous
administration of '"C-labeled 5,5-pentamethylenehydan-
toin in 1.2% aqueous NaOH to a dog. Note retention of
activity in the vein wall proximal to the site of injection
and in the region of the valves in the veinous drainage
system. Note initial retention of activity in the lungs and
subsequent concentration in the liver.

to a certain extent in all cases, and, in a few cases, con-
centration of activity was noted in the region of the brain.
In most cases, activity was found dispersed throughout the
entire body after initial equilibration was complete. In a
few cases, concentration of activity in kidneys and ex-
cretion in urine was a prominent feature of the in vivo
distribution pattern. Further details are noted below.

All members of the !1C-labeled 5,5-dialkylhydantoin
series listed in Table I showed the pattern of initial re-
tention of activity in lungs and liver followed by dis-
tribution of activity diffusely throughout the body and
progressive concentration in kidney and excretion in urine.

C,H,CH("CN)N(CONH,)C H, 2% C.H.CH-NC,H,
1CO CO
\ /
NH

Levulinic acid hydantoin showed more prominent re-
tention of activity in the vein wall proximal to the site of
injection and marked initial retention in lungs, liver, and
kidneys and more prompt excretion of activity in the urine
than did the other compounds in this group. Left lateral
whole body scintiphotos obtained approximately 5 and 30
min after intravenous injection of [!1C]levulinic acid
hydantoin are shown in the first row of figures in Figure
2. None of the members of this series of 5,5-dialkyl-
hydantoins showed concentration of activity in the brain
or significant excretion in the bile.

The in vivo distribution pattern noted with the members
of the series of 11C-labeled diarylhydantoins listed in Table
IT was similar to the pattern noted for the 5,5-dialkyl-
hydantoins, except that all showed some evidence of
concentration of activity in the brain, some showed evi-
dence of biliary excretion of activity, and all showed less
evidence of renal concentration and urinary excretion of
activity in comparison with the dialkyl compounds.
Concentration of activity in the brain was noted to a
variable degree with most members of this series of
compounds but was most marked with 11C-labeled 5,5-
diphenylhydantoin (dilantin). As can be seen from the
scintigraphs in Figure 3, activity is noted diffusely
throughout the brain, and within the first 40 min after
administration of [11C]dilantin little activity is noted in
the cerebrospinal fluid. Quantitation of activity at nec-
ropsy 40 min after administration of dilantin confirmed
the concentration of activity in the brain over that in blood.
Similar concentrations of activity were observed in kidneys,
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C-11 Levulinic acid hydantoin
HOOCCH,CH, "CO — NH
N

|

AN
CH; NH-CO
II. DIARYLHYDANTOIN
C-11 5,5-bis{p-Chlorophenylihydaonioin
cl

1
'"'cO-NH
C

. .
g NH—-CO

Il 5-ALKYL-5.PHENYLHYDANTOIN
C-11 5-Methyl-5.phenylhydantoin

Cl

CH n
3 ,CO=NH

7N
Con NH-=CO

IV. SPIROHYDANTOIN
C-11 5,5-Hexamethylenehydantoin
CH n
,CH2 'co - NH
(CHa), C I
~ 7N
CH, 'NH-CO

Figure 2. Early and late whole body in vivo distribution
of "'C activity following intravenous administration of a
representative member of each category of a series of
""C-labeled hydantoins in 1-1.5% aqueous NaOH to dogs.
Note the prominent retention of ''C activity in the vein
wall proximal to the site of injection and marked initial
retention of activity in lungs, liver, and kidneys and
prompt excretion of activity in urine observed with
[''C]levulinic acid hydantoin. Note that this basic in
vivo distribution pattern for the 5,5-dialkylhydantoin
category is seen for the remaining three categories of
'"C-labeled hydantoins. Note some concentration of
activity in the brain with ''C-labeled 5,5-bis(p-chloro-
phenyl)hydantoin. Note the typical initial concentration
of activity in lungs and liver followed by diffuse whole
body distribution of activity observed with ''C-labeled
5-methyl-5-phenylhydantoin and 5,5-hexamethylene-
hydantoin. Note some concentration of activity in the
brain with the latter compound.

Left lateral Dorsal

(20 min) (26 min)

Cerebellum RIS

Blood CSF (6.5 ml)
(6.5 ml)

\

Cerebral hemispheres

In vitro

Figure 3. Concentration of "'C activity in the brain
following administration of ''C-labeled 5,5-diphenyl-
hydantoin (dilantin) in 1.5% aqueous NaOH to a dog.
Note the distribution of activity throughout the brain

and the in vitro confirmation of such diffuse accumulation
in the brain.

heart and skeletal muscle, lungs, stbmach, and pancreas.
The highest concentration was noted in the liver. It is
noteworthy that activity in skeletal muscle was greater
than that in mesenteric fat and omentum, two relatively
well perfused lipid storage depots. Left lateral whole body
scintiphotos obtained approximately 5 and 30 min after
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intravenous injection of [11C]-5,5-bis(p-chlorophenyl)-
hydantoin are shown in the second row of images in Figure
2.

The basic in vivo distribution pattern noted above was
again seen with the members of the series of 11C-labeled
5-alkyl-5-phenylhydantoins listed in Table III. Generally,
these compounds showed diffuse whole body distribution.
Notably, 1C-labeled 2,5-dioxo-4-phenylimidazolidine-
4-propionic acid was rapidly concentrated in the kidneys
and excreted in the urine. Significant urinary excretion
of activity was also noted at 1 hr after administration of
11C-labeled 5-phenylhydantoin. Following administration
of 11C-labeled 5-ethyl-5-phenylhydantoin (nirvanol) and
5-phenyl-5-propylhydantoin, there was scintigraphic ev-
idence of concentration of activity in the brain. None of
the compounds showed significant early excretion of ac-
tivity in the bile. The typical initial concentration of
activity in lungs and liver followed by diffuse whole body
distribution of activity noted with compounds in this series
is exemplified by scintiphotos obtained approximately 5
and 30 min after administration of 11C-labeled 5-
methyl-5-phenylhydantoin shown in row three of Figure
2. Table V shows the relative concentration of 11C activity
in tissues 73 and 80 min after administration of [11C]-
5-ethyl-5-phenylhydantoin and [11C]-5-phenylhydantoin,
respectively. It is clear that !1C activity is diffusely
distributed throughout the body at this time, except for
some slight concentration in liver and kidneys. It is
noteworthy that 73 min after administration of [11C]-
nirvanol 11C activity in the cerebrospinal fluid (CSF) is
higher than that in any tissue or in urine and bile.

The typical in vivo distribution pattern for hydantoins,
in general noted above, was also seen with the series of
structurally related 11C-labeled spirohydantoins listed in
Table IV. Some concentration of activity in the brain was
noted with 11C-labeled 5,5-hexamethylenehydantoin (see
scintiphotos in the fourth row of Figure 2). However,
initial concentration of activity in the brain was not
marked with other compounds in this category. Following
initial equilibration, 11C activity was generally diffusely
distributed throughout the body with little tissue locali-
zation except for modest concentration of activity in the
liver.

Discussion

The initial distribution pattern of intravenously ad-
ministered hydantoins presented in this communication
can largely be explained by considering the limited sol-
ubility of the compounds in aqueous solution at body pH.
Following their administration, the hydantoins injected
intravenously in 1.0-1.5% aqueous NaOH tend to pre-
cipitate from solution as they are diluted in the neutral
aqueous media of the plasma. Such precipitation manifests
itself largely as retention of activity along the vein wall
proximal to the site of injection and initial retention of
activity in the lungs, presumably due to trapping of
11C-labeled precipitate particles having an effective di-
ameter greater than that of the internal diameter of the
capillary wall. Initial retention of activity in liver may be
related to trapping of colloidal particle-size precipitates
which have escaped retention in the pulmonary capillary
bed.

The distribution pattern of activity in other tissues
appears to be largely a function of blood perfusion rate and
relative rates of passage across capillary endothelium and
cell membranes. The brain has an unusually high per-
fusion rate, but because of the selectivity of the capillary
endothelium in the brain, most water-soluble materials
show poor initial concentration in the brain. It is antic-
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Table III. Preparation of Carbon-11 Labeled 5-Alkyi-5-phenylhydantoins

50-60% aq Me,SO R\“/CO_—NH
C,H,COR + K''CN + (NH,),CO,= A”‘q S 1C\
y ressure,
30245 mn  H,C, NH—CO
K''CN, mCi, Product
t, (5 mmol mCi mCi Radiochem- Chemical Total synthesis
rxn scale) R t, tinj ical yield, %  yield, % time, min
10534 H 3470 21 33 83
1084 CH, 654¢ 59 60 59 71
375 CH,CH, 1734 14 46 37 74
1618 CH,CH,CH, 756¢ 56 47 49 77
4917 CH,CH,COOH 119¢ 10 24 61 75

@ This was a 10-mmol reaction scale preparation. ? H. T. Bucherer and V. A. Lieb, J. Prakt. Chem., 141, 5 (1934), ob-
tained an 80% yield of 5-phenylhydantoin on a 1-molreaction scale by heating benzaldehyde, KCN, NaHSO,, and (NH,),CO, in
50% aqueous ethanol for 5 hr: mp 183-184°. In nonradioactive experiments, we obtained 50-60% yields of 5-phenylhydan-
toin on a 5-mmol reaction scale after heating KCN (5 mmol), benzaldehyde (7 mmol), and (NH,),CO, (25 mmol)in 50 mi of
50% aqueous Me, SO at 70-75° for 25 min and 85-90° for 10 min: mp 182-183°. The experimental infrared spectrum
agreed with Sadtler Standard Prism Spectrum No. 24827. ¢ H. T. Bucherer and V. A. Lieb, ibid., 141, 5 (1934), obtained
a 90% yield of 5-methyl-5-phenylhydantoin on a 1-mol reaction scale by heating acetophenone, KCN, and (NH,),CO, in
50% aqueous ethanol for 5 hr: mp 198.5°. In nonradioactive experiments, we obtained 62% yield of this hydantoin on a
5-mmol reaction scale of KCN and acetophenone and 42 mmol of (NH, ),CO, after heating the reagents in 30 ml of 60%
aqueous Me, SO at 175-182° under pressure for 40 min: mp 198-199°. The infrared spectrum of product agreed
with Sadtler Standard Prism Spectrum No. 8421, ¢ H. T. Bucherer and V. A. Lieb, ibid., 141, 5 (1934), reported an 85%
yield of 5-ethyl-5-phenylhydantoin (nirvanol) on a 1-mol reaction scale by heating propiophenone, KCN, and (NH,),CO; in
60% ethanol for 6 hr: mp 201-202°. In nonradioactive experiments, we obtained 50% averaged yields of nirvanol upon
heating KCN (5 mmol), propiophenone (5 mmol), and (NH, ),CO, (50 mmol) in 30 mi of 50% aqueous Me,SO at 160-170°
under pressure for 45 min: mp 199.5-201.5°. The experimental infrared spectrum agreed with that reported by T. H.
Elliott and P. N. Natarajan, J. Pharm. Pharmacol., 19, 209 (1967). ¢ T. J. Thompson, H. L. Bedell, and G. M. Buffett, J.
Am. Chem. Soc., 47, 874 (1925), prepared 5-phenyl-5-propylhydantoin in 756% yield from a-cyano-a-phenylvaleramide and
alkaline sodium hypobromite: mp 165-166°. In nonradioactive experiments, we obtained 5-phenyl-5-propylhydantoin in
yields of 55% on a 5-mmol reaction scale of KCN and butyrophenone and 42 mmol of (NH, ),CO, after heating the re-
actants under pressure in 30 ml of 60% aqueous Me, SO at 180-190° for 40 min: mp 168-169°. The experimental in-
frared spectrum agreed with Sadtler Standard Prism Spectrum No. 21194, 7 The reaction solvent was 50% aqueous ethanol.
£ M. B. Winstead, F. R. Scholer, and K. H. Wildrick, J. Med. Chem., 9, 142 (1966), obtained 2,5-dioxo-4-phenylimidazolidine-
4-propionic acid in 80% yield from 3-benzoylpropanoic acid (94 mmol), KCN (154 mmol), and (NH, ),CO, (658 mmol) by
heating 22 hr in 60% aqueous ethanol: mp 216-217.5°. In nonradioactive experiments, we obtained this hydantoin in
66% yield upon heating KCN (5 mmol), 3-benzoylpropanoic acid (5.5 mmol), and (NH,),CO, (42 mmol) for 30 min at 190-
200° under pressure in 30 ml of 50% aqueous ethanol. The solution was evaporated to a volume of 10 ml, made basic with
10% aqueous NaOH, extracted with ether to remove unreacted 3-benzoylpropanoic acid, and acidified with concentrated
HCI, and the product was recrystallized from 70% aqueous ethanol: mp 216°. The experimental infrared spectrum
matched Sadtler Standard Prism Spectrum No. 8767. The !!C-labeled hydantoin was dissolved in 7.5% aqueous NaHCO,

prior to its intravenous administration to dog.

ipated that any agent which shows high “blood-brain
barrier” permeability would show rapid initial concen-
tration in the brain due to the high perfusion rate per unit
mass of brain. Thus, initial rapid accumulation of an agent
in brain following its intravenous administration is largely
a measure of its “blood-brain barrier” permeability. In
the case of the hydantoins, those compounds having one
or more phenyl groups (or, in the case of the spiro-
hydantoins, 5,5-hexamethylenehydantoin) showed the
greatest tendency toward initial accumulation in brain.
Such permeability appears to be due to the solubility in
cell membrane lipoprotein imparted to the molecule by the
phenyl or hexamethylene groups. Initial equilibration
within the brain substance is not accompanied by rapid
initial accumulation in free cerebrospinal fluid. With time,
the label in the brain slowly diffuses into the CSF and back
into the blood. The kinetics of such processes is such that,
at times greater than 1 hr after administration, the con-
centration of activity in CSF is greater than that in brain
or blood (the activity in blood having fallen because of loss
of label to other extravascular sites).

In general, viscera have a much higher blood perfusion
rate per unit mass than do somatic tissues such as resting
muscle. However, the cellular mass of somatic tissue is
much greater than that of viscera. Thus, as noted above,
if transcapillary and transmembrane passage of an agent
are rapid, one anticipates that following intravenous
administration of the agent to an animal at rest there
would be initial relative concentration of activity in highly

perfused viscera followed by progressive redistribution and
reequilibration of the labeled agent in somatic tissue.
Indeed, this pattern is seen with all of the hydantoins not
possessing a carboxylic acid moiety. It is noteworthy that
after initial equilibration is complete, the diverse cellular
tissues throughout the body show remarkably similar
concentrations of activity. Thus, after such equilibration,
the largest bulk of [11C]hydantoin activity is located in
skeletal muscle, since skeletal muscle is the largest tissue
by weight in the body. Such diffuse distribution of hy-
dantoins in the body speak for their relatively uninhibited
passage across capillary endothelium and cell membranes,
presumably due to their solubility in cell membrane li-
poprotein.

Those hydantoins possessing carboxylic acid moieties
such as levulinic acid hydantoin and 2,5-dioxo-4-
phenylimidazolidine-4-propionic acid show prominent
accumulation in kidneys and excretion in urine as has been
previously shown for many other [11C]carboxylates.! Such
renal concentration and excretion is most probably a
function of the organic acid excretory mechanism of renal
tubular cells.

While the results described herein were obtained for
11C.labeled hydantoihs, similar results would be antici-
pated with related barbiturates showing similar solubility
in, and permeability through, cell membrane lipoprotein.

The use of dilute NaOH as a vehicle for dissolving the
compounds described herein is clearly a nonphysiological
procedure. Thus, interpretation of the results must be
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Table IV. Preparation of Carbon-11 Labeled Spirohydantoins
/“CO—I;IH
Me,SO /2 B
R’}\c=o + K'CN + (NH,),C0, 20-80% aaMe,S0 } C
\})/ A, pressure, A VAN
40-45 min NH—CO
Product
K"CN, mCi, ¢, mCi mCi Radiochemical Chemical Total synthesis
(5-mmol rxn scale) R t, tinj yield, % yield, % time, min
607 -(CH,),- 344¢ 29 57 55 73
980 -(CH,),- 399P 26 41 30 81
939 -(CH,),- 467¢ 36 50 47 76

1559 @ 9324 33 60 81 80
(CHpl 5~

519 Q 253¢ 16 49 70 81

¢ S. D. Upham, U.S. Patent 2 999 863 (Sept 12, 1961) [Chem. Abstr., 57, 737e (1963)], obtained an 87% yield of 5,5-
pentamethylenehydantoin on a 1-mol reaction scale by heating cyclohexanone (1 mol), NaCN (1.1 mol), and (NH,),CO,
(4.0 mol) in 25% aqueous ethanol for 4 hr at 94°: mp 215°. In nonradioactive experiments, we obtained a 58% chemical
yield of this hydantoin on a 5-mmol reaction scale after heating KCN (5 mmol) and cyclohexanone (5 mmol) and (NH,),-
CO, (42 mmol) under pressure at 175-180° for 40 min in 26 ml of 50% aqueous Me,SO: mp 215-216°. The infrared
spectrum of product agreed with Sadtler Prism Spectrum No. 21185. ? 8. D. Upham, see footnote a, obtained an 87%
yield of 5,5-hexamethylenehydantoin on a 1-mol reaction scale by heating cycloheptanone (1 mol), KCN (1.1 mol), and
(NH,),CO, (4 mol) in 25% aqueous ethanol for 8 hr at 94°: mp 212-213°. In nonradioactive experiments, we obtained a
75% yield of this hydantoin on a 5-mmol reaction scale of KCN and ketone and 42 mmol of (NH,),CO, upon heating the
reagents in 26 ml of 50% aqueous Me,SO for 40 min at 175-185° under pressure: mp 211-212°. The infrared spectrum of
product agreed with Sadtier Prism Spectrum No. 21179. ¢ H. C. Brinelow and C. Vasey, British Patent 807 679 (Jan
21, 1959) [Chem. Abstr., 53, 12304a (1959)], prepared 5,5-heptamethylenehydantoin on a 1-mol reaction scale by heating
cyclooctanone (1 mol), KCN (2 mol), and (NH,),CO, (4 mol) in 50% aqueous ethanol for 6 hr at 50-55°: mp 241-242°,
In nonradioactive experiments, we obtained this hydantoin in 56% chemical yield upon heating under pressure KCN (5
mmol), cyclooctanone (5 mmol), and (NH,),CO, (42 mmol) in 26 ml of 50% aqueous Me,SO for 40 min at 175-185°: mp
242°. The infrared spectrum of product agreed with Sadtler Prism Spectrum No. 26997. ¢ L. H. Goodman et al., J. Org.
Chem., 25,1920 (1960), obtained 1-tetralonespirohydantoin in 52% yield by heating 1-tetralone (0.33 mol), NaCN (0.35 mol),
and (NH,),CO, (100 g) in 60% aqueous ethanol for 8 hr at 56-60° and 1 hr at 85°: mp 241-242.5°. In nonradioactive ex-
periments, we obtained this hydantoin in 53% yield on a 10-mmol reaction scale of KCN and 1-tetralone and 40 mmol of
(NH,),CO, by heating 60 min at 180° under pressure in 25 mi of 50% aqueous ethanol, followed by evaporation to a volume
of 10 ml prior to the addition of 40 ml of 2.5% aqueous NaOH, extraction with ether to remove unreacted 1-tetralone, and
acidification with concentrated HCl: mp 240-241°. A 45% yield of this hydantoin was obtained after heating KCN (5
mmol), 1-tetralone (5 mmol), and (NH,),CO, (42 mmol) in 30 mi of 50% aqueous Me,SO at 190-200° for 40 min: mp
234-235°. The experimental infrared spectrum agreed with Sadtler Standard Prism Spectrum No. 30059. € H. R. Henze
and R. J. Speer, ADI Document No. 1603, supplement to J. Am. Chem. Soc., 64, 522 (1942), prepared 9-fluorenonespiro-
hydantoin from fluorenone (20 mmol), KCN (40 mmol), and (NH,),CO, (80 mmol) by heating in 50% aqueous ethanol at
60° for 2 hr: mp 324-325° dec. In nonradioactive experiments, we prepared this hydantoin in 66% yield on a 5-mmol
reaction scale of KCN and 9-fluorenone and 42 mmol of (NH,),CO, by heating these reagents under pressure in 30 ml of
50-60% aqueous Me,SO at 190-200° for 40-45 min: mp 324-326° dec.

related to the form of administration used as discussed
above, and caution must be employed in extrapolating
these results to prediction of distribution patterns which
one might obtain using conventional routes of adminis-
tration.

The lack of significant organ concentration (other than
that related to initial differences related to physical state
and blood perfusion rate) and the lack of rapid excretion
of label in urine or bile are consistent with the view that
the pharmacologic action of hydantoins largely is related
to physical effects on membranes rather than specific
chemical interactions with cell constituents. Thus, al-
terations in their molecular structure which enhance the
solubility of the compound in the lipids of biomembranes
should enhance their pharmacologic effects. If we use
initial accumulation of 11C activity in the brain following
intravenous administration of 11C-labeled hydantoins as
the model for solubility of the compound in biomembranes,
it would appear that such a conclusion is justified, since
those hydantoins which in our studies showed the highest
initial accumulation in brain generally are those with the
greatest reported anticonvulsant effects. This conclusion
is of course speculative and is not established by the data
presented. Additional work with subcellular components

would be necessary to confirm this postulate.

Summary

Five 5,5-dialkylhydantoins, three diarylhydantoins, five
5-aryl-5-phenylhydantoins, and five spirohydantoins were
synthesized incorporating the positron emitting, 20.4 min
half-life radionuclide, 11C. Total synthesis time was 70-106
min, and 1-59 mCi of final product was obtained. The
11C-labeled hydantoins in 1.0~1.5% aqueous NaOH were
administered intravenously and the in vivo distribution
pattern was serially imaged using scintigraphic techniques.
Variable initial deposition of activity in the vein wall
proximal to the site of administration and retention of
activity in the lungs were noted, presumably due to
precipitation of the compound in the neutral plasma.
Hydantoins having two phenyl moieties, and most having
one phenyl, and one having a hexamethylene moiety
showed initial accumulation of activity in brain. Quali-
tatively, 11C-labeled dilantin showed the greatest such
brain accumulation of activity. Hydantoins having a
carboxyl moiety showed prominent renal concentration
and urinary excretion. After initial equilibration was
complete, except for some moderate concentration of
activity in liver, all 11C-labeled hydantoins not possessing
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Table V. Relative Carbon-11 Activity in Tissues
Following Administration of [ "'C]Hydantoins®

CH,CH3z
H !
Oricpe Oy
Q0 'eg, 0
H -
["C}5. ["'C}5-Ethyl-
Phenyl- 5-phenylhy-
hydan- dantoin
Organ toin® (nirvanol)
Brain 0.73 1.25
Lungs 1.05 0.75
Heart (washed) 0.71 1.00
Temporal muscle 1.00 1.00
Liver 2.25 1.33
Bile 0.83 1.58
Spleen 0.81 1.25
Stomach 0.76 0.92
Pancreas 0.63 1.67
Kidneys 1.91 1.25
Blood 0.93 1.00
Mesenteric fat 0.25 0.75
Urine 0.67
CSF 2.67

@ 80 min after intravenous administration. ? 73 min af-
ter intravenous administration. ¢ Expressed as cpm/g of
tissue/cpm/g of temporal muscle.

a carboxyl moiety showed fairly uniform distribution of
label in all cellular tissues of the body. Due to the large
skeletal muscle mass in the body, 11C label from hydan-
toins deposited in skeletal muscle represents the largest
extravascular pool of label following completion of initial

Poonian et al.

mixing. No evidence was noted of concentration of label
in highly perfused lipid stores such as in omentum or
mesentery. The relatively uniform distribution of activity
in cellular tissues and slow excretion from the body support
the thesis that the pharmacologic action of the hydantoins
is related to physical effects on biomembranes rather than
to specific chemical interactions with cell constituents.
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Synthesis of Tetrazole Ribonucleosides and Their Evaluation as Antiviral Agents
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Synthesis of 1-8-D-ribofuranosyltetrazole and two 5-substituted derivatives, i.e., the 5-carboxamide and 5-acetamide,
is described. The stereochemical structure of the parent tetrazole ribonucleoside has been established by means
of nuclear Overhauser effect and x-ray crystallography. By analogy to the parent compound, the two 5-substituted
tetrazole nucleosides are also assigned the 8 configuration on the basis of the NMR coupling constant of the anomeric
proton and the site of N-ribosylation is determined by 13C NMR studies. Results are also presented on antiviral
testing of these synthetic tetrazole nucleosides against influenza A2/Asian/J-305 virus infection in mice.

During the past several years quite a few ribofuranosyl
nucleosides in which the base moiety is a five-membered
heterocycle have been found to display chemotherapeutic
activity. More significant among these are pyrazomycin
(I),1-3 showdomycin (II),4 and Virazole (Ribavirin) (III)5
(Chart I). Whereas the first two are C-nucleosides, Ri-
bavirin is an example of an N-nucleoside. The broad-
spectrum antiviral activity of Ribavirin has stimulated
interest in the synthesis of ribonucleosides of tetrazole (IV)
which is an isosteric ring equivalent of triazole. Although
tetrazole derivatives have previously been implicated in
certain biological activitiesé-8 there is no report hitherto
on the synthesis of tetrazole nucleosides or their biological
effects.

The present paper describes the synthesis of 1-8-D-
ribofuranosyltetrazole and some of its derivatives (IV).
The biological screening results against influenza A2/
Asian/J-305 virus infection in mice are presented for
compounds XIII-XV. Since these are the first examples
of tetrazole nucleosides, we have provided rigorous proof

of their structural configuration by conducting intramo-
lecular nuclear Overhauser and x-ray crystallographic
studies on the parent tetrazole nucleoside (XIII) in ad-
dition to proton and 13C NMR studies on all derivatives.

Results and Discussion

Synthesis of Tetrazole Ribonucleosides. The syn-
thesis of tri-O-benzoylated tetrazole nucleosides described
here was achieved either by coupling of tetrazole
derivatives® and 2,3,5-tri-O-benzoyl-D-ribofuranosyl
bromidel? in the presence of mercuric cyanide!! and ni-
tromethane or, alternatively, by the acid-catalyzed fusion!?
of 1-O-acetyl-2,3,5-tri-O-benzoyl-8-D-ribofuranose and a
tetrazole. While the rest of the coupling reactions pro-
ceeded to give the expected nucleoside product, in the case
of the attempted synthesis of X by the mercuric cyanide
method, partial loss of the C-5 carboethoxy substituent was
found to have occurred and the resultant coupled product
was IX instead (Chart ITI). Consequently, this approach
was abandoned and nucleoside XI was obtained by starting



