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Moissan, who discovered elemental fluorine in 1886,
also investigated 1ts reactions with many organiec compounds
and was the first to test the pharmacological activity of
& fluoro compound. He found that fluoroethane, in
contrast to ethyl chloride, ethyl bromide, and ethane,
is very toxic. (1) In low concentrations in air it pro-
duces acceleration of breathing rate in guinea pigs. At
increasingly higher concentrations the animal becomes exe
cited; the breath comes spasmodically; there are convule
sive Jerks; the rear extremities dbecome lamez-and, at a
eoncentration of six to seven percent, death results,

The value of fluoride ion in the construction of
tooth enamel has elicited much controversy in the past
decade and is part of the inoreasing interest and awareness
of the anomalous behavior of fluorine, fluorides, and
fluoro-compounds, The chemietry of this element has
enjoyed & logarithmic exploitation as notable as any other,

In the field of chemotherapy, interest in pseudo~
metabolites has brought attention to fluoro-compounds,
anong others., Closely related to the object of this thesis
is the pseudometabolite 2-fluoroadenosine, prepared by the
Schiemann reaction (2) by Montgomery and Hewson. (3)
2=-Fluoroadenosine in a concentration of 10'8 g+ per ml,
inhibited human epidermold carcinoma; azaserine and 6-diazo-
5eoxo=L-norleucine inhibit this tissue at 107 g+ Der ml.
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6-Fethyl purine has shown marked effects on neoplastic
growth. (4,5) In prevention of mitosis in both sarcoma
180 and normal skin cells in tissue.culture, it 18 effective
at a concentration of 0.05 umole per milliliter, dut
6-trifluoromethyl purine shows no toxicity at five hundred
times this concentration. (6)

The antitumor activity of purine itself and of 6-chloro-
purine (11,6) aroused interest in 6-fluortpurine, but at-
tempts to prepare this compound by several routes were
without success, This was interpreted as due to the in-
stability of the compound because similar difficulty was
encountered by Roe and Hawkins in the unsuccessful Schiemann
synthesis of A«fluoropyridine, although 2« and 3-fluoro~
pyridine were preparable. (12)

Many other purine and pyrimidine derivatives have been
prepared and tested for antitumor activity. Among those
that have had some success are 6-mercaptopurine, Sefluoro-
uracil, 5-bis(2-chloroethyl)=-aminouracil, and 8-azaguanine.

6-Mercaptopurine is thought to be a competitive in-
hibitor between the conversion of inosinic acid to adenine
or guanine polynucleotides. (7) It has given temporary
rellief from the symptoms of leukemia, (8)

S-Fluorourecil is a potent uracil competitor which is
not greatly differentially toxic to tumor and notrmal tissue.

8~Azaguanine has been shown to enter the ribonucleic
acld of cells, Among the azapurine analogues, it has been



more interesting than the adenine, hypoxanthine, and xane
thine analogues because of its inhibition of a variety of
living systems. R. E. F. Hatthews gives a broad review of
the literature. (9) Incorporation seems to be into shorter
polynucleotides according to Matthews'! work and that of
others in the discussion following the paper. An Intereste
ing espect 18 the work of Creaser (13) which showed that
the enzyme adaptation of Staphvlococcus gureus toward
lactose, which necessitates the production of ﬂ-gala.ctosid-
ese, was prevented in whole growing celle at relatively
low concentrations of 8-azaguanine.

5-Bis(2~-chloroethyl)-aminouracil is a nitrogen mustard
derivative prepared by'hyttlo and Petering. (14) It is not
& uracil competitor; the urecil molety serves as a carrier
for the nitrogen mustard which acts as an alkylating agent.
The nitrogen mustards have been used for some time in leue
kemla therapy with temporary remission of symptoms. The
new compound has produced oomplete repression of experi-
zental growing tumors of several types in rats and is bdeing
tested in human patients at present. The ratio of its
effective dose to toxicity 1s favorable.,

The compound 9(f=-D-xylofuranosyl)adenine gives further
hope for the rationale dehind this thesis, Thés compound
has been shown to be highly toxic by Bilesele at Sloan-
Kettering Institute. In as much as it has been strongly
indiceted that the nucleic acids ere polymers of ribose or
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of 2-deoxyribose linked by phosphate ester brldges between
the 3- and 5-hydroxyls, (16,17) the l-configuration on the
J=-carbon of xylose in xylofuraenosyladenine may mean that a
stable termination of a nuclelec acid is produced which,
because of the orlentation of the 3-hydroxyl, is incapable
of further extension and completion of the normal nuoclelo
acld. Arabinofursnosyladenine is not toxic. In this case
the 3-hydroxyl has the same configuration as in the natural
ribosyl=- or deoxyribosyladenine.

Work with puromycin, 6-dimethylamino=9-(3'«p-methoxy-
l~phenylanylamino=3'«deoxy~D=ribofuranosyl J)purine, & compound
produced by Streptomvces alboniger, has shown it to have a
broed-spectrum activity against bacteria in yiire (18) and
against a number of protozoa ln yivg. (10) Puromyein also
displays activity againat higher animels and against
memmary adenocarcinoma in the C3H strain of mice., Although
it has undesirable side effects, these are remitted on dis-

continuance of administration and are not sufficiently severe

to prevent its use in combating Irypanosoma gamhlceuse (19)
and Endamoeba hyatolytdca (20) in man,
A number of structural modifications of puromyeln have

been made. Hutchings (10) states that the structural
requirements for activity vary with the organisms studled.
"The intact molecule is required for the antibacteriel
ectivity in yitro, antliamoebic activity in yivo, and anthel-

mintic aoctivity. The aminonucleoside 1s more effective on
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& molar basis than the perent compound when tested agalnst
trypanosomes ln ¥lyQ and the mammary adenocarcinoma of the
C5H mouse."” Because in seversl studies (21,22) purines
have reversed the action of puromycin, it is suspected that
it may interfere with purine metabolism. With respect to
substituents on the purine ring, a 6-dipropylaminonucleoside
was eight times more effective than the nucleoside and
thirty-two times more effective than puromycin egainst
Irypanosona equiverdum in the mouse. (10a)

Again the 3' position of the nucleoside 1s indicated as
a significant point in the molecule. B. R. Baker and his
group at Stanford Research Institute are concentrating on
syntheses of pentofurancses of potential interest deriving
from his work with puromycin. The methyl J-deoxy=3-amino~
Xylo-furanoside has been synthesized (23) by ammonolysis of
methyl 2,3-anhydro-Deribofuranoside. The 3'=-deoxy~3'e
mercaptoribonucleosides are now holding their attention. (24)

One might interjeot comments on the swrprising activity
of various fluorosteroids at this point. Adrenal cortical
hormones, e.g. cortisone, have found use in the treatment
of allergiea, the prevention of scarring, treatment of
rheumatold arthritis, and the treatment of shock. Synthetic
methods for the preparation of cortisone provided routes and
material for various derivatives of the parent compound,
9=cFluorohydrocortisone has eliocited considerable interest
since 1ts glucorticold activity, 1.e., the extent of deposition



of liver glycogen from metabollzed protein, 1s about ten
times that of hydrocortisone, the lithium eluminum hydride
reduction product of cortisone which has the other two
keto groups protedted. 9-0l=-Fluorohydrocortisone was pre-
pared (25) by opening a 9f, 11f- epoxide with hydrogen.
fluoride, It was found that the astivity of the compound
wag inversely proportionsl to the size of the substituted
helogens 9<-&~Fluorohydrocortisone had undesirable side
effects which included the proeduction of edema. Intro-
duetion of a 160+ or ~femethyl has overcome some of the
8ide effects of the parent fluorosteroid. 16cedethyl-
9o{~fluoroprednisolone 2{-acdtate, prepared by the Shering
group, has enhanced glucocorticoid activity and anti~in-
flamnatory activity, with complete avoidance of salt and
water retaining characteristics found in the parent
9¢=fluoroprednisolone. (26)

Ringold and Boweras (27) have used Henbest and ¥Wrigley's
synthesis (28) to open a 5,5-epoxide by reaction with
boran trifluoride-ether complex in a benzene medium to
produce G-fluorosteroids. They repott that 6de-fluorocortis-
one acetate, Gdefluorohydrocortisone acetate, 6defluoro-
prednisolone acetate, and 6efluoroprednisone acetate
hed respective anti~inflammatory and thymolytio activities
or (10, 6), (10, 8), (20, 62), and (20, 23) times that of
hydrocortisone acetate, In addition the latter three promoted
sodium excretion in non-salt-lo#ded adrenalectomized rata,
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Pattison and his students at the University of Westemrn
Ontario have written many papers in thelr series on toxie
fluoro=-compounds, The papers mentioned here give reference
to their work.

o~Fluoroasklyl nitrogen compounds have been prepared to
lead to new barbiturates, in this case, S-ethyl=5-(4'«fluoro-
butyl)barbiturate and S-ethyl-5(5'-fluoroamyl)barbiturate. (29)
Their activity as central nervous system depressants was
lower than that of neonal and amytal, and thelr toxieity was
low as, according to similar data from Bruce and Huber, (30)
could be expected.

G ~Fluoro fatty ecids ahd ketones show higher toxicity
for members having an even number of carbons such as
ethyl 8-fluoro=3-oxo-occtancate and ethyl 12-fluoro=3-oxo-
dodecancate than for members having an odd number of carbons
such as ethyl S9=fluoro-3~oxo-nonoate., (31) This 1s in
accord with the beta~oxidation theory of fatty acid
metabollsm, which would yield fluorcacetic acid as the end
product of the acids with an even number of ocarbons.

Even chain {-fluoroalkanes, =alkenes, and =alkynes
are very toxic to mice. Ethyl 3-fluoro~lactate, disocussed
in the same peper, was non toxic. (32)

18-Fluoro=10-methyloctadecanoioc acid, 18-fluorc=tuber-
culostearic acid, was prepared to test 1t as an anpi»tuber-
cular compound. It showed complete inhibition of Mygcohag=-

lorium tuberculosls var. hominls et a concentration of
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1.25 gamma per mle in yitrg in the absence of bovine serum,
but was inactive in the presence of ten percent bovine
serum at a conocentration of 20 gamma per ml, In mice 1t
had no effect on tuberculoslis at & 4let concentration of
25 mg. per kge per day. Intreperitoneally, the lethal dose
for £ifty percent of mice was 2.7 mg. per kg. (33)

The activity of fluoro-compounds in biological systems
and the possible strong effect of a 2= or 3-substituted
pentose on nucleic acid metabolism prompted this thesis.



CHEZICAL BACKGROULD

2-Deoxy~-2=-fluoro=D,l~-glyceraldehyde has been prepared
by Taylor end Kent, (34). Diethyl fluoro-oxalacetate was
reduced to 2-deoxy-2-fluorotetritols with potassiun bhoro-
hydride and 1lithlum eluninum hydride, then oxidlzed with
sodium periodate to the fluoroglyceraldehyde, The fluoro
atom 1s removed by reactlion with dinitrophenylhydrazine in
2 I hydrochloriec acid.

Taylor and Kent have also prepared 6-deoxy~6-fluoro-
D-galactose and 5-deoxy~5~fluoro-D-ribose by reaction of
protected 6= or S-mesyl derivatives with anhydrous
potassium fluoride in ethylene glycol at reflux, (35)

6~-Fluoro-6-deoxy~D=glucose has been prepared by
Helferich end Cnfichtel (36) and the compound has been used
by Blakeley end Boyer (37) in a study of its effect on
yeast fermentatlon end on hexckinase. Its competitive
inhidition of glucose and fructose was preater in intact
cells than in cell free extracts and in its competitive
effeoct on hexokinase. 1Its toxlclty toward rats was moderate
and it aid not affect virus synthesis or behavior in tissue
culture. Ite effects on glycolysls were not as marked as
found by leDonald's co=workérs, Cremer and Woodward, (38)
in their studies of the effects of 2-deoxy~D-glucose on the
rate of yeacst glycolysis,

Micheel and hls students at the University of Ninster

have syntheeized a number of fluorosugars with the fluoro
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substituent on the glycoslidic cardbon or on the primary
carbon. lichael states that "of the halosugzars with free
hydroxyl groups which carry the halogen on the glycosidic
carbon atom, only those of fluorine are stable." (39) .

Other than the 2-fluoro-D,lL-glycerose of Taylor and
Kent (34) no other sugars are recorded in the literature
which have fluorine on & secondary carbon.

The route to the synthesis of a 2« or 3-substituted
fluorosugar was selected to use methyl 2,3-anhydro-De
ribofuranoside as the terminal intermediate. This inter-
medlate should allow the preparation of methyl 3-deoxy-
3efluoro=D=xylo-furanoside or methyl 2-deoxy=2«fluoro-
D-grebingo=-furanoside. The production of these as the
result of ecission of the 2,3-epoxide ring is 1llustrated
by the acid fission of methyl 3,4-anhydro- -D-galactoside (I)
(40) and the alkaline fisaion of 3,4-anhydro-{,2-0O=isopro-

pylidene-D-tagatose (I1)s (41) oW Ha O
o oH 0
> N oW
I ’—_",’f—) + o
H "
11 0 "‘;-(C"s); o -c\(c Ml
- w"o -
[ N 6“ CH, 0 ‘ > o ' CH,0

OMe
Interestingly the compound II reacth with base to glve

principally the sorbose derivative, but with acetic acig,
acetic anhydride, and a little pyridine the product 1is
3,4,5=triacetyl-1,2-0-1s0propylidene~Defructose., This might
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result from an orthoester type of interaction between an

acetylated C-5 and C-A, (42,43)

Feat (44) has given a thorough review of the chemistry
of the anhydro sugars through 1946, Goodman, Benitez, and
Baker have studied epoxypentene as a model compound for
syntheses involving reactions compatible with 2% ,3'«anhydro-
ribo-nucleosides. (45)

The format;on of anhydro sugars results from the attack
of a base on the proton of a hydroxyl situated frans to a
catlionogen such as a sulfonic ester. This 1s displaced in
a cission between the cerbon of the sugar and the oxygen

of the ester by the attack of the deprotonated hydroxyl. (46)

HaOH CHaOH CHLON
O, ome O, oMe O, omMme
n - —l — () -
Mo OMe M " + Mso
oH

H, OH
MsO 0 OMe

" d¢0”§ " No Acrion ow Compounwd (47)
u

Anhydro sugars of several types can be formed: the
ethylene oxlde type 1llustrated above, the propylene oxlide,
hydrofuranol, and five member rings contalning two oxygens.
(44)

Anhydro rings can be cleaved by elther acids or bases,
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including those of the lewis definition., Four cases will
be 1llustrated. |

Vith sodiunm methoxide, i,2-Oéiaopropy11dene-3,h-
anhydro-D=psicose 1s cohvgrted principally to 1,2«0-
1aopropy116ene-h-O-meihyl—D-sorboae, whereas with sodium
hydroxlde 1.2-0-190propy11éene-D-fructose was detected in
the mixture of producta. (48) Stereochemical consideration
of the pyranose ring would predict the reaction with a
large base to result in inversion on C=4, since an enter-
ing group of any size could be alternately equatorial ilth
the other subatituents in a sorbose configuration,

othe 0 o-i(cﬂ.\..
Ne.
o, e Acwo
]
Mo 0, ,0-C(CH,)
g <O T L

| Q CH,O
H
In agqueous solution methyl 3,4-anhydro-g-D-galactoside

gave on hydrolysis with sulfuriec acid a mixture of sugars in
which Deglucose and C=-gulose were &dentifled. Ko galactose
is formed. (40)

HaON HaON HeOH . HiOH
O\ OMe 0 9]
o . 0 o Y (] OH
07 + 9 ANd ~o
% % " 1

In an earlier publication on the reactions of this
same methyl 3.A~anhydroﬁﬁ-D—ga1actoaide, ¥Uller reported the

introduction of chlorine into the sugar on reaction with
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norzel aqueous hydrogen chloride at steam bath temperature.
(45) This would indicate that the hydronium ion and chloride

ion were responsihle for the epoxide opening in thls case.

“sg“ " H,(.)ou HaOH ; HaOH
. ¢
cl
. Ol ¥ H cl OH

In as much as Miiller did not prove the configuration
of the compounds he obtalned, the work of Fobertson and
Cunlop (50) and of Peat and Wisgins (46) should be mentioned.
In the former paper 1t was stated that two methyl chloro-
hexosldes were produced when methyl benzylidine~2,3-anhydro-
D-alloside was treated with a very dilute esolutlion of
hydrogen chloride in acetone. These produced the same
methyl 2,3-anhydro~D~alloside vwhen treated with silver
oxlde. The latter paper concerned work done on methyl
2,3-anhydro-dircethyl-D-alloside and methyl 3,4-anhydro-
dimethyl~-D-alloside which each opened to give two chloro-
dimethylhexoeses when treated with hydrochloric scid, all
of which were unique,

Another mechanism for opening enhydrorings 1s evidenced
in tlke amination with ammonia in dry alecohol or ether, or,
as in a recent paper (23), with concentrated armonium
hydroxide. In none of these three cases can the attack of
a base other than ammonia result tn the observed product,
end an ecid catalysed opening 1s improbable in view of the

magnitude of the equllibrium RHE w H' = Lliz e
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A Lewls acid opening of epoxide rings has been described
by Henbest and wWrigley (28) in the preparation of 6,5-fluoro-
hydrins of sterols. This 1s a very raplid reaction with
boron trifluoridé-ether complex in benzene which has been
followed polafimetrlcally end terminated by shaking with
agqueous sodium blecarbonate, No mechanlsm for the donation
of fluorine from the very stable boron trifluoride is given
elthough discussions of the effect of econfigzurational and‘
electrical factors in relation to the 58, Qﬂ-epoxide is

treated.
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MATERIALS AND MaTHOLS

All reagents used in thls research were of reagent
grade except those used in extractions, which were of |
USP grade. .

Pyridine was dried over calcium hydride and distilled.

p-Toluenesulronylﬁchloride was purifiéd by the method
of Pelletier. (57) |

Dérivatives which were purified by distillation were
distilled using the distilling head designed by Dr. John
C. Speck, Jr.

Solvent removal in yascug was accomplished in most
cases with the flash evaporator oebtainable from Arthur S.
Lepine Companye.

Melting points were determined in capillary tubes in
a stirred o1l dath.

Intermediates were 1dentified and experimental results
were interpreted with a Perkin-Elmer Model 21 Infrared

Speetrophotometer,
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EXPLRINLNTAL

The first attempts at a preparation of a 2=-(or 3-)
fluoro-2-{(or 3«)deoxy~pentose were made using the 2,3-an=-
hydro-B-methyl-ribopyranoside of Loneyman. (51)

Es&hxllﬂPLpnzghingnngngﬂzng.--Beginning with 54 g. of
l-arasbinose in one liter of 1% methanolic hydrogen chloride
the sugar was converted to methyl @-L~arablnopyranoside by
refluxing for seven houras. The product (32 g.) erystallized
from the solution on cooling.

Lethyl 3,3-Q-lsopropylidene-@-l~arabinopyranoside
was made by Levene and Raymond's method (52) for preparing
diacetone xylose because Honeyman's preparation using
phosphorus pentoxide as the catalyst feiled to worke.
Twenty-rive'g. of methyl ﬁLLparabinopyranoeide was stirred
with { ml. of sulfuric acid (sp. g. 1.84) and 40 g. of
anhydrous cuprie sulfate in 1/2 1, of dry acetone for
65 hours., At this time the mixture began to darken consid-
erebly. The acid was neutralized by the addition of 25 g.
of sodium carbonate with continued stirring for 24 hours.
The solution was then separated from the inorganiec residue
by drawing 1t through a sintered glass filterstick, of
medium porosity, into an evaporating flask where it was
concentrated to a syrup. The inorganic residue was thorough-
ly rinsed with acetone a number of times. Considerable
pP-methyl arabinoside crystallized out in the evaporator.
The syrup was separated from these crystals and transferred
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to another flask for dlstillation. The product distilled
close to the value recorded by Honeyman (82°/0.1 mm.) at
74°/0.03 mm., 80°/0.05 mm., énd 85°/0,05 mme to give a
yield of 16 g., or 513,

Lcthyl 2-0-Iogyl-3,4-0-lsopropylidene-£-L-arabino=-
pirenoside.~-The whole amount of the éistillate was treated
with 23 g. of p—tolueneaulfonyl‘chlpride in 100 ml. of dry
pyridine, After standing at room temperature for rive'days,
the mixture was poured onto 400 g. of ice (cubes of ebout
1 g+ each) and allowed to stand for two hours until the
ice melted. The crude 2-0=tosyl-3,4~0=1sopropylidene-
f-methyl-L~arabinopyranoside weighed 21,7 g. after drying
over phosphorus pentbxide 1nlxggng and represented & 763
yiela.

Kethyl 2-0-Zosyl-g-l-arabinooyranogide.==A 5.7-8.
sample of the compound prepared in the previous step was
dissolved in 275 mle. of methanol to which 5.7 ml, of
0.5 Il hydrochloric acid had been added and the solution was
refluxed for 9 hours according to the directions of Honey-
man. Followling treatment with 7 g. of silver carbonate, fil-
tration, and evaporation, the product was odbtalned as a
glass which was exhaustively pumped with the water aspir-
ator and dried for 4 hours over phosphorus pentoxide at
15 mm, '

Liothyl 3,A-D1-Q-pcetyl-2-0-106yl-f-L-arabinooyrenceide.--
The compound obtained ebove was treated A1n gity with 6 ml,
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of acetle enhydride in 50 mle of pyridine and allowed to
stand at room temperature for three days. The acetylated
compound was then obtained by pouring the reaction mixture
onto 1/2 1. of ice and allowing the ice to melt. The
methyl 3,4=31-0-acetyle2-0-tosyl-arabinoside was colledted
on & sintered glass filter in 927 yield from the acetone
derivative, Its melting point of 114% compared with
Honeymon's 1169, .

Lethyl 2,2-inhydre-@-L-arabinoovrenoglde.--The above
compound (5.9 ge) was dissolved in 75 ml. of methanol end
6 g. of sodium methoxide was added with cooling. .The mix-
ture was allowved to stand at room temperature for two days.
It was then carefully brought to neutrality with acetic
acld using an external indicator end dlluted with water
to 500 ml. Extraction with three 50-ml., portions of
chloroform falled to give on eveporation more than a few
drops of 2,3-anhydro-Femethyl-riboside. A fact which was
discovered too late to be of any use and a mistake which
was repeated in following Baker's preparation of methyl
2.3-anhydroribofuranceide is the inordinately unfavorable
distribution coefficlent of the methyl anhydroglycosides
betweon water and organic solvents., For example, in a
peper by Mathers and Robertson (53) washing of a 0.15 g.
sample of methyl 4,6-d1-0O-methyl=2,3=anhydro-a=hexoside
with water almost quantitatively eluted the compound into
the water phase, which had optical activity corresponding to
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0.13 g. of starting material. The benzene solutlon had
very little optical activity.

The water phase of the extraction ebove was evaporated
to dryness and»extracted with chloroform to give about two
grams of en oil which had the same infrered spectrum as
thet obtained from the chloroform extract of the water
solution and presented en epoxide «CH,= peck at 3.92 p
end epoxide -~0- penks at 11.6 and 12.1 p in f1lms between
salt pletes.

This material was used in several experiments in
treatment with hydrogen fluoride in reagent grade chlﬁro-
form which had been allowed to stand in eontact with an-
hydrous calcium chloride for a week to remove the
preservative amounts of ethanol and had then dbeen purified
by filtration and distillation,

One-half g. was dissolved in 89 ge of chloroform in
a polyethylene bottle and welighed., Hydrogen fluoride ges
was edded from a cylinder with protection from moisture
in the 2ir and frequent checks of weight until the equivalent
weight (70 mg.) of hydrogen fluoride had been added. The
mixture was allowed to stand for four hours at room teme
perature and evaporated to & syrup in a glass beaker within
a filtering bell., RBecause silicon tetrafluoride would not
interfere with infrared examination of the product, con-

tamination from this source was not of any consequence.



The spectrum was identical with that of the reactant.

¥ore rigorous treatment was given 500 mg., of the
epoxide in chloroform with hydrogen fluoride in equimolar
concentration at the temperature of boiling acetone over-
night plus two days at room temperature. A syrup which
still retained the epoxide peaks at 11.7 and 12.15 p
was obtalned on evaporation.

A like quantity of the anhydro compound was treated
with an equimolar amount of potassium acid fluoride (XiF,)
in 10 ml. of glacial acetic acid et room temperature for
12 hours. Hemoval of the acetic acid in yacuo left a ﬁaste
vhich retalned the epoxide peaks.

The chloroform=hydrogen fluoride treatment was repeated

once more with the same result,

Anderson, Goodmen, and Baker’s preparation (23) of a
methyl anhydro-riboside was followed for subsequent expere
iments because it 18 prepared unequivocally in higher yleld
than is Honeyman's end produces methyl 2,3-anhydro=d and -
D=-ribofurancsides which have widely separeted boiling points.
They may be resolved by vacuum &1at111ation through a short
Vigreaux column t0 give the pure anomers, which are in the
eorrect (furan) ring for subsequent reactions terminating
in nucleosides.

1,2:32,5-P1~-0-1sopropylldene~-R-xylofuranogge.==To ¥ 1. of
acetone, which had been dried with magnesium sulfate and
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distilled, were added 150 g. of D=xylose and 300 g. of
anhydrous cuprilc sulfate. Ten ml. of sulfuric acid (sp.
gre 1.84) vere added and the mixture was stirred for 25
hours. Twenty-flve g. of anhydrous socdium carbonate was
added at that time with continued stirring overnight. The.
solution was then filtered off and the residue washed wlth
acetone. The solution was evaporated to a syrup which
d1stilled at 135-138° at 12 mm. to yleld 173 g. of light-
brown diacetone xylose.

1,2-0-lzopropylidene-D-xylofuranoce.~~The contents of
the flask were washed into 1100 ml. of 0.27 hydrochloric
acid (6 ml, of 37.6% HCl diluted to 1100 ml.) and shaken
vigorously for 25 minutes. The hydrogen Lon concentration
was then reduced to that corresponding to a pH of 7-8 with
6.5 ge 0f sodium bicarbonate and the water was removed
overnicht at lees than 40° C, in yacug. The residual syrup
was then taken up 4n 500 ml, of chloroform, treated with a
1ittle "Darco" and filtered on to 20 g. of sodium sulfate
to ary.

The chloroform solution was filtered into the distilling
epparatus and pumped to a syrup with heating to 800 at the
end of the concentration process. Following purping for
4 hours at 80° and 12 mm., the pressure was lowered to 0.2
to 0,3 mm. The pot was heated at about 100-110° until the
thermometer in the distilling head began to rise., Slow
distillation at 82° proceeded until 1liquid stopped coming
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over. About 10 g. distilled under these condltions, which
are charocteristic of diacetone xylose. The head tempere
sture then rose to 1329 snd a few drops were dlstilled to
flush the side erm of the distilling head. The recelver was
chanced and distlllation was resumed. At a pot temperature
of 170° and a pressure of 0.3 mm., the product dlstilled
et 132-1349, lost of the material was distilled and the
receiver egain was chanped. Approximately 10 g. was dis-
tilled into the third receiver, The product in both the
gecond and third flasks crystallized, The net welght of
the second flask was 97.5 g« This welght plus about 10 g.
in the third recelver and 10 g. of recovered reactant allows
calculation of a yield of 807 for the conversion and
purification of monoacetone xylose from dlecetone xylose.

1,2-0-1zcpropylidene-3-0-methoxyearbonyl-R-zylofuranoge.--

The 97.5 g« of monoacetone xylose was washed out of the
flask with 200 g.'of chloroform into a three-necked flask
fitted with a dropping funnel, Two hundred g. of pyridine
was added and the whole mixture was cooled to =5% C., in an
ice-salt bath. Filfty-five g. of methyl chloroformate were
added dropwlse over a period of 1.5 hours with stirring end
reintenance of temperaturs within the range -5° to 09, The
mixture was then stored in the refrigerator for thrée days.
The contents of the flask were then rinsed into 1300 ml. of
water in a separatory funnel and extracted with 150 ml. of

chloroform in four extractions until €00 ml. was used. This
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extract was washed twice with 400 ml. of weter, drled over
sodiun sulfate, and evaporated to dryness in yacuo. It
was then token up in 300 ml. of benzene warmed to bolling
end 300 ml. of petroleum ether was added., The colleeted
cerystals welghed 101 g. end represented a yileld of 8C7.

1,2-0-Isopropylidene~3-0-meayl-5-0-methoxycarbonyle
D-xylofuranose.-~-The materlal obtalned above was dlssolved
in 300 ml, of dry pyridine and cooled to 0% in an ice bath.
Iinety-five g. of methanesulfonyl chloride were added, After
ellowing it to stand for 30 hours in a closed flask, the
rixture was poured into 1 1., of lce water and extracted
with ¥ 1. of chloroform in 250-ml. portions. The combined
chloroform extracts were washed with four 250-ml. portions
of 17 sodium bicarbonate solution and twice with 250-ml.
portions of water. The extract was then dried with mag-
nesium eulfate and evaporated to a residue (46,5 g.) which

was used in the next step.

It had been found that solvolysls of the isopropylidene
group in methanolic hydrogen chloride resulted in formation
of the xylopyrancside derivative as well as the desired
furanoside. Intermediate solvolysis to a §,2-41-O-acetyl
derivative followed by methanolic aolvolysis cirecumvented

this undesirsble consequence.

1,2-R21-Q-acetyl-3-0-megyl~5-0-methoxvearbonyl-D- _
Xylofurcnose.~-The mesylated compound obtained ebove (46.5 g.)



was dissolved in 640 ml. of glacial acetlc acid which
contained 71 ml., of acetlc anhydride, A 39-m1, volqme

of econcentrated eul:ﬁrio acid was then added in small
portions, with mechanical stirring and 1lce cooling, to
maintain the temperature below 209, The flask was covered
end allowed to stand at room temperature for 20 hours.

The contents were then poured into 3 l. of ice-water
mixture and extracted with two 500-ml. portions of chloro-
form., The combined extracts were washed quickly with a liter
of 1% sodium bicarbonate solution in 250-ml. portions
followed by one wash with 250 ml. of water, The chloro-
form solution was then dried with magnesium sulfate and
evaporated to en amber gum {53.5 g.) which was used in the
next step.

Liethy) 3-Q-liesyl-5-Q-methoxycarbonyl-a(ands)-D-xyle-
Lurcneside.«=The gum was solvolysed to methyl 3-O-mesyl-
5=-0-methoxycarbonyleD=xylofurancside by dissolving it in
f 1. of 17 methanolic hydrogen chloride and esllowing the
mixture to stand at room temperature for 20 hours. This
mixture was then neutralized by the addition of 32 g. of
sodium blcarbonate, After filtering, the methanol was
removed from this mixture jn yacuo. The residue wes
extracted with two 200-ml, and one 100-mi. portions of
boiling methylene ehloride. It was then filtered with the
ald of Celite and eveporated to dryness ip yscuo to give
& residue welghing 35.5 g.
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Iothrl 2,3-Inhvaro-d(end @)-L-ribofurencside.--The
35.5 ge 07 the methyl glycoside was converted to the
enhydro derivetive sccording to the literature directions
by ¢éissolution in 75 ml. of dry methanol end treatment at
ice tempercture with a solution of seven grams of sodium
methoxide in 65 ml. of methanol. The flask was stored in
the refrizerctor for four days at which time four grams
of Celite was added and the mixture was filtered, neutral-
1zed with 3 ml. cf acetic acld, and evaporated to dryness
13 yosuo.e The resicdue was dlissolved in 500 ml., of water
(the litcrature A1d not specify the amount) and extracted
with seven 80-ml. portions of chloroform. The chloroform
extract was drled over megneslium sulfete and evaporated to
e resldue 1 yacug.

The 4= and A-methyl 2,3-anhydro-D-~ribofuranoside mixture
was distllled through a short Vizreeux coluzn to obtaln a
pxnall yleld of methyl 2.3-anhydroﬁﬂLD-ribofuranos1de et
5 p and 50° and of methyl 2,3-anhydro=d-D-ribofurenoside
at 3 n and 50° The original authors obtalned elear white
syrups, the more volatlle of which was showm by its optical
rotation and previous deductions concerning its physical
characteristics to be the named compound. The o{=methyl
glycoslde would be expected to be less fluld because of
hydrogen bonding between molecules and the ﬁ-anomer more
fluld because of intramolecular hydrosen bonding between the
5«hydroxyl end the glycosidic oxysen.
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lucerous e:periments were conducted with the methyl
anhydroribofuranosides as roilows:

A 3.35-g. sample was dlssolved in 100 ml, of 8 stand-
ardized solutlon of hydrogen fluorlde in chloroform which
contalned 0.2524 millimole of hydrogen fluoride per g,
Sarmples of the solution were titrated from time to tinme
to determine whether the epoxide reacted with the hydrogen
fluoride., The solution was contalned in a polyethylene
vesh bottle. The amount of hydrogen fluoride was deter-
mined by welghing a sample into an excess of 0.2099 I
equeous sodium hydroxide. The flask was shaken vigorously
end the excess of base was titrated with 0.1198 I} hydro=-
chloric acid to the falntest dlscernable pink of the
indicator phenolphthalein, It was thought that overrunning
this end point with acld required a larger than equivalent
amount of base to return to the pink basle form of phenol-
phthaleln, This effect wag however, too close to the 1limit
of experimental error. The dlscrepancy was thought to be
due to an acid ceatalysed hydrolysis of a glycosidice fluoro
substituent. (54)

One hundred mg. of the anhydro susar was treated with
the same welght of potasslium acid fluoride in 25 ml. of dry
methanol, in which the salt 18 slightly soluble, Evaporation,
after 2 doys at room temperature, gave a syrup which indicat-
ed no diminution of epoxlde ahsorption et 11.6 p.

The experiment was reveated at the boiling point of
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methanol at 60° ¢ 5° for 36 hours with the same result.

Eydrocen fluoride in methanocl at & concentration of
€55 mge in 50 ml. of methanol which contalned 250 mge of
the anhydro sugar falled to show altered absorption in the
infrared aefter 2 days at room temperature,

Since }iller (49) opened a sucar epoxide with hydrogen
chloride in aqueous solution under conditions in which it
would have high concentration and ionic character, an
analogous experiment with hydrogen flucride was tried.

One end one-tenth g. of the anhydro sugar was dissolved in

5 ge of 9.1% hydrofluoric acid and heated in the steam

bath for 3 hours. It was then neutralized with calcium
carbonate, flltered with the ald of a little Cellte,
evaporated and drlied over phosphorus pentoxide at less than
15 mm. overnight. This was aléo unsuccessful by the infra-
red criterion. The syrup was strongly reducing to Benedict's
reagent, however, and hence had lost its glycosidie methoxyl.

Success appeared imminent when the anhydro sugar was
treated with a slight excess of hydrogen fluoride and a
catalytlic trace of boron trifluoride.

A 1.55~g. aample of the anhydro sugar was dissolved in
100 ml. of anhydrousa methanol. The polyethylene tublng which
led from the valve to the reaction vessel was inserted through
a cork which eallowed for some volume change. Hydrogen
fluoride was added from the cyllnder, the cylinder valve was

turned off, the needle valve was turned off, then removed



from the cylinder without discomnecting the recelving
bottle. The exposed end of‘the needle valve wos tﬁen clean-
ed and sucked repeatedly'wlth the‘aspirator to remove con=-
dcﬁsed hydrogen fluoride and water. It was then screwed
into the boron trirluéride cylinder end enouch boron tri-
fluoride was added to meke & fog about one~quarter of an
inch deep ebove the surface of the liquid. The c¢ylinder
valve aﬁd needle valve were closed and the bottle was seal-
ed with & polythene cap and left at room tempefature for
two days. For lack orAany other means of removing solvent
end acid, phosphorus pentoxide was used in & vacuum des-
iccator. The solution was redueed'to a iiscous syrup much
different from thé mobile fluld of the reaciant. A small
sample had been yremoved earlier and drled to a hard glass
which was Tree of epoxide pesks in the infrared. On fur-
ther drying in the deslccator, the main portion of the
product was converted to a giasa which charred badly. Thisa
material was taken up in sbout 25 ml. of methanol, treated
with a little "Darco", and filtered, It was insoluble in
chloroform and hydrocarbons and erystallized to a very
8lizght extent in the cold from methanol, in which it was
very soluble. Dissolution in a minimal emount of n-pro-
panol produced white erystals on cooling which grew on
standing. These were filterod out with the aid of a smail
Hirsch funnel and washed with a small amount of methylene
chloride, whereupon they became a sticky gum. They were

taken up agzin in propanol, but were not recovered,
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A 1,95=g. gample of anhydro suger was dissolved in
€0 g. of anhy@rous methanol and 1.73 g. of hydrogen fluoride
including a trace of boron trifluoride wvas edded as de-
scribed ebove, Subsequent removal of solvent over phos=-
phorus pentoxlde after two days ecain resulted in cherring.
The charcoal treatment was repeated and on nearing frultion
Ain the crystallization step the compound was lost through
accident.

A 3.5~g. sarple of the enhydro sugar wes dissolved in
100 g« of methanol and trested with 1,000 g, of hydrogen
fluoride including a trace of boron trifluoride. After
2 days, 5 ge. of enhydrous sodium carbonate was added to
this mixture, carbon dioxide was removed under reduced
pressure, and the solution was flltered and evaporated in
glass on the flash evaporator to obtalin a thin syrup which
resembled the reactant and was shown 40 have its compoaition'
by infrared examination.

A 1.75~g« sarple of theol~anomer of the enhydro sugar
was dissolved in 40 g+ of methanol and treated with 0.85 ¢.
of hydrogen fluoride, including & trace of boron trirluoride.
This was left for two days at room terperature, split into
%wo portions, the first of which was treated with 1/2
equivalent (1 g.) of caleium carbonate, evacuated, £1ltered
with Celite, end evaporated to & syrup which began turning
dark immediately. The other portion was treated with about
100 nze of sodium fluorlde and eveporated to dryness o#er

phosphorus pentoxide at first and finally over crushed
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magnesiun turnings whlch appeared to remove both hydrogen
fluoride and methaﬁol. The residue was & whife cerystalline
mess. This was extracted with 25 mle. of hot pr0p5nol.
Filtretion throuch a small Hirsch funnel was attempted but
evaporation of the solvent precluded this. DRy adding a
little methanol, the hot solution wes made filter&ble;
but én pertial evaporation.tﬁe carbohydrate did not erys-
t41lize and on évaporation to dryness over phosphorus
pentoxide, the material again charred very badly.

Lleven ge of partially purified methyl 2,3-anhydro-
o~D-ribofuranoside was dissolved in about 100 ml of an-
hydrous methanol and treated with 6 g. of hydrogen fluoride
and a trace of boron trifluoride. After tﬁo days at room
tenperature the solution was treated with 30 g.‘or calcium
carbonate and evacuateds The effect of the calcium eaf-
bonate was more noticable on this scale and it was found
that the solution was still acid after overnight Sontact.
Twenty-five g. of sodium bloarbonate was then edded. The
bottle was placed in the vacuum desiccator and evacuated,
whereupon carbon dioxide bubbled off vigorously. The solu=-
tion was then filltered through Celite and evaporated to a
thin syrup which was not the compound sought. (Infrared

examination showed prominent epoxide peaks.)
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DISCUSSION

It seems feaslble to prepare a fluorosucar using an
anhydro sugaer infermediate which 1is stbjected to lonie
ring-opening conditions in methanol., Boron triflﬁorlde
in trace amounts was used to enhance the lonlie character
of hydrocen fluoride. FPresumably tbe ring=opening agent
was fluoborie acld, which 1s much more ionic than hydfogen
fluoride. |

The compound which was obtalned was readily decomposed
by residual boron trifluoride end easlily converted to the
enhydro precursor by basic materials in methanol, even
such mild bases as sodlium blcardbonate., Its velue as an
antimetebolite thus 1s open to questlon since 1ts existence
in solutions buffered near a pH of‘7 might be ephemeral.

If en Yonic mechanism of epoxide opening i1s necessary,
the fallure of short term exposures in aqueous and methan-
olic solutions to hydrogen fluorlide alone 1s readily under-
setandable, since Deussen's data (55) quoted in lellor (56)
gives the molor electrical conductivity of aqueous hydrogen
fluoride at a concentration of 0,25 } at 25° as 29.6 com-
pared to 366, 377, and 376 for HCl, HBr, and EI respéctively.

That the initlal step in opening the epoxide ring may
be the attack of a proton on the epoxide oxysen would explain
the fallure of potassium acid fluoride to bring about the
desired reaction. This reageht was used in the hope that en
electron-sharing mechanism such as is found with opening by

ammonia would be operative.
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