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PART I

The alumina-catalyzed addition of diazomethane to
several steroidal ketones showed a specificity for epoxide
formation that was apparently a combined function of the
catalyst as well as the A-B ring fusion.

When 5/3-androstan-lw-ol-3-one was treated with
excess distilled diazomethane in ether in the presence of
alumina a three-component mixture resulted. The principal
component isolated by silica gel chromatography was
A-homo-58 -androstan—lpﬁ -ol-4-one, However, when
sq_-androstan—lw -0l-3-one was treated in the same manner
with diazomethane in the presence of alumina the main
component was the terminal 3-epoxide. Also when
50 ~androstan-3-one was treated as above the terminal
epoxide was again obtained.

. Mo determine differences between alumina and methanol
catalysis, 5(Q(-androstan-3-one was allowed to react with

diazomethane in methanol solution. A complex mixture




containing at least eight components was obtained, with
nmr and ir data indicating the presence of both ketones
and epoxides. When gj?-androstan—lZé?-ol-}-one was
treated in the same way, a complex mixture was again
obtained with one component, A-bis-homo-;z?-androstan-
lzz?-ol-f}one, comprising a major part of the mixture.
The results of this study indicate that control of
diazomethane reactions with steroidal ketones is best
achieved by use of aluminum oxide as catalyst. In most
cases the product mixture was easily separated and the
respective reactions' products isolated and characterized.
It is apparent that the alumina-catalyzed reactions give
less complex mixtures than conventional procedures as
well as different product distributions which are

dependent on the configuration of the ring junction.

PART II

Information regarding the possible conformations of
purine nucleosides is required in order to evaluate the
various models being proposed for the DNA molecule. It
was the intent of this work to further add to the
information concerning the possible conformations of
purine nucleosides by the use of nmr as a method to
determine the favored conformations of the purine
nucleosides in various solvents and at various tempera-
tures.

Appropriate models representing both the syn and anti

conformations of purine nucleosides were synthesized and
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spectral data obtained. It was proposed that the anomeric

proton of these nucleosides would be somewhat shielded by
the purine ring in an anti conformation with a decrease
in shielding as the molecule approaches the syn conforma-
tion. The spectral data obtained on the model compounds
supported this proposal.

The chemical shifts of the isopropylidene derivatives
of the natural nucleosides guanosine and adénosine were
compared to the data for the syn and anti models to determine
the conformations of these natural purine nucleosides. This
comparison indicated that the natural nucleosides occurred
in a predominately anti conformation since the chemical
shifts for the anomeric protons of the natural nucleosides
were closer to those values obtained from the model
compounds in an anti conformation. However, it was not
possible to predict quantitatively the specific conformation
of these nucleosides.

Temperature studies indicated that some conformational
change occurred as the temperature of the sample was
decreased. However, these data were not conclusive enough

to predict any conformer population.
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PART I

REACTIONS INVOLVING DIAZOMETHANE AND CERTAIN
STEROIDAL KETONES




INTRODUCTION

The reaction between cyclic ketones and diazomethane

produce ring enlarged ketones and/or oxides, Figure I,
>is undoubtedly influenced by both steric and electronic
ﬁ%actors. Investigations have been carried out which
:5;ndicate that both factors exert controls at two stages

%'1n the reaction: the initial attack of diazomethane at

~ ghe carbonyl group and the rearrangement of the resulting

~ intermediate (1,2,3).

Many times when the need of a specific ring enlarged
ketone was apparent, diazomethane was employed, only to
f£ind that the specific compound wanted was not consistently
obtained or was in a mixture that was difficult to

separate (4,5). Attempts to standardize the conditions for
reaction of diazomethane with ketones have been made ),
with the result that concentration of diazomethane,
solvents, temperature and various bases all have been found
to affect the direction of, as well as the extent of
reaction. Whether diazomethane was generated in situ or

ex situ also seemed to have an effect on the direction of

the reaction with ketones.

Exploration of the reaction of diazomethane with
steroidal ketones has also yielded hard-to-resolvé mixtures
and inconsistent results (6,7). Isolation of the possible
epoxides formed has not been accomplished as these

appeared primarily as by-products in the reaction.
ko P
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Figure I. Mechanism of. .reaction of diazomethane with
- a ketone.




Certain of these A- and B-homosteroids would make
teresting models for conformational analysis of
sn-membered rings as well as possible candidates for
sesting as modified estrogens, progestogens and androgens.
herefore, it was the intent of the following work %o
estigate the reaction involving steroidal-ketones and .
jiazomethane with the hope of controlling its direction to

ive more consistent and less complex reactions.




PREVIOUS STUDIES INVOLVING DIAZOMETHANE
AND POLYCYCLIC KETONES

_ One of the most complete studies of reaction
;@--itions involving diazomethane and polycyclic ketones
s that of Gutsche and Peter (4#). The investigation was
concerned primarily with temperature, concentration,
;solvent and base effects on the reaction of diazomethane
A:uith trans- o(-decalone. Also a study involving the
-:gig-ctrdecalone was carried out to show a comparison
f between steric isomers and to evaluate the differences,
ir any, caused by stereochemistry.
: It was found that under comparable conditions,
trans- ({-decalone showed a greater tendency to form the
oxide than did cis- q(-decalone, the ratio of ketone %o
oxide being about 2:1 for the trans isomer and greater than
20:1 for the cis isomer. The effect of changing solvents
and temperature seemed only to be in degree and to not
affect the product ratios. However, when the concentration
of reactants was changed by dilution with the respeétive
solvents, differences in product ratios were observed.
Nelson and Schut (6) investigated the reaction of
cholestan-3-one with excess diazomethane generated in situ
and found the major product to be A-homo-cholestan-4-one
(45%) with about 10% of A-homo-cholestan-3-one and 5% of a

compound presumed to be a bis-homo-cholestanone product.
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fi mention of oxide formation was made. However,

: ification was difficult in that after the several
?.cessary recrystallizations only 27% of the pure A-homo-

' cholestan-4-one was recovered.

‘ In the preparation of A-homosteroids for investigation
‘of steroidase activity, Jones and Price (7) found the
Edirection of diazomethane ring enlargement of ;367-hydroxy—
{.5C£-androstan-3-one (10) appeared to be controlled by the
lklong range effect of the %;g substituent and proceeded

. with migration of the 03——04 bond to give the A-homo-3-one
j,(VII) in contrast to Nelson and Schut's previous findings

., of 02—-03 bond migration to give A-homo-4-one (VIII) in

the cholestanone series. That the change in direction of
ring enlargement was due to the effect of the hydroxyl

group alone, and not in some way associated with the
differences between the androstane and cholestane skeletons,
was established by the observation that for 5((}androstan-
3-one diazomethane ring enlargement proceeded mainly with

—C. bond migration, as in the cholestanone series, to

Cy 3
give 80% of A-homo-5Q(-androstan-4-one.

Catalytic control of the reaction of diazomethane with
cyclic ketones was attempted by Miller and Bauer (8). A
series of Lewis acids was used along with diazomethane

in sn ether solution in enlarging cyclohexanone to mixtures
of seven-, eight- and nine-membered ring ketones. It was

 felt by IMfller (8) and also by von E. Doering (5) that if one
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d Lewis acids, the carbonyl would be bound and prevent

oxide formation. Accordingly they did not report

ation of any oxides either in the cyclohexanone

es by Muller or in the ring enlargement of

aralone by von E. Doering. The best yields of ring
arged products were achieved when aluminum chloride was
as catalyst in the reaction with cyclohexanone while
n E, Doering found alumina to be more effective in the
baralone series. However, von E. Doering found that

';.en the enlargement failed for no explainable reason.




RESULTS AND DISCUSSION

It was thought that control of the reaction of
liazomethane with steroidal ketones could best be
l»omplished by catalyzing the reaction with Lewis acids
in the presence of aﬁ inert solvent. In addition, some
the steroidal ketones were also allowed to react with
diazomethane in solution with methanol used as solvent-
catalyst to compare the products formed by both reaction
- gystems.

It was of interest in this study to investigate the

. reaction of 50(-androstan-3-one (I) with diazomethane in

~ the presence of each solvent system. The reaction of (1)
;'with diazomethane prepared in situ in methanol was
;kreported (7,9) to give 80% conversion %o A-homo-5<{~
androstan-4-one (II). These results were contrasted in
this study by the reaction of (I) with diazomethane which,
when prepared ex situ in the presence'of methanol, gave a
complex mixture containing at least three products (tlc)s

. The mixture was chromatographed on silica gel but

separation of each component was not achieved. However,
it was thought that the mixture contained an oxide, |
A-homo-5Q -androstan-3-one (II) and A—bishomo-50(:—b
androstan-4-one (IX) based on spectral data of the
partially purified eluates containing these compounds.

In comparison, the reaction of (I) with diazomethane
in an ether suspension of aluminum oxide (activity I)

-8



yielded one product (tlc). This compound was separated

gel. A white crystalline material, mp 96—97.5° was
obtained in good yield. The infrared (ir) spectrum showed
the absence of carbonyl function and indicated a terminal
i@poxide at 10.88 and 11.09 p. The nuclear magnetic

- resonance (nmr) spectrum showed a two proton singlet at
-;2.59¢9 which was assigned to the oxymethylene protons of a
~ terminal epoxide.

The product of the alumina-catalyzed reaction was

nnr data and was assigned the name spiro-;fg—oxiranyl-
5Cirandrostane (III) (Figure III). This represents the
first report of conclusive terminal epoxide formation by
the reaction of a steroidal ketone with diazomethane.

This result was unanticipated since IMifller (8) and von
Doering (5) indicated that oxide formation in this type of
reaction could be prevented by the binding of the carbonyl

group to a Lewis acid such as alumina. However, recog-

an equilibrium process, it may be proposed that the
following sequence is a possible explanation for the
terminal epoxide formation (Figure II). The complex (IV)
would rapidly dissociate to give the free oxygen anion
which in turn would attack the methylene carbon expelling
nitrogen to yield the epoxide.

~ proposed to be a terminal epoxysteroid based on the ir and-

nizing that binding of a Lewis acid to a carbonyl group is



Figure II.
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Reaction sequence showing formation of the

aluminum oxide compl
a terminal epoxide.

ex and collapse to give
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complex mixture of

— ey oxide, A-homo and

A=bis-homo compounds
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~ a) CH,N,/CH;OH in situ
~ b) CH,N,/CH;0H ex situ
¢) CH,N,/A1,05

Figure III. Scheme showing reaction of 5¢(-androstan-3-
' one (I) with diazomethane.




12
An investigation of the effect of the stereochemistry
f the A/B ring Jjunction on the reaction of steroidal
cetones with diazomethane was carried out using
54 -androstan—lw —ol-3-one (IV) and @g-mdrostan-lw-
o0l-3-one (V),'(Figure IV). The .5/5 isomer was prepared in
yield by the reduction of testosterone in basic
media €10). Preparation. of the 54 isomer in 60% yield
‘was achieved by a lithium-ammonia reduction of
ﬁatosterone (11).
Reaction of (IV) with diazomethane in the presence of
‘aluminum oxide gave two products (tle). Separation of the
Lproducts was achieved by column chromatography on silicas
gel. The major product was isolated as a white crystalline
>; solid, mp 173-174°. The ir spectrum showed the absence ofs:
:. carbonyl absorption and the presence of a shoulder at
‘;‘ 3.30 o and a peak at 7.9 P which were assigned to the
- methylene of a terminal epoxide (13). Absorption at
| 10.88 p and 11,09 p was also thought to be caused by the
{ methylene protons of a terminal epoxide. The nmr spectrum
indicated a two proton singlet at 2.618 which together
with the ir spectral data indicated the compound was
spiro-z/é’ -oxiranyl-SOC—androstan—l'w -0l (VI).  This
compouﬁd' had previously been prepared by Wall, et a8k, (12)
using a dimethylsulfoxonium methylide reaction.

The minor product was isolated and infrared analysis
showed a carbonyl absorption at 5.89 )1 The nmr spectrum
of this compound showed two thr_ee-proton singlets abt
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a) CH2N2/A1202
b) CHZNZ/CHBOE
Figure IV. Reaction of 5(-androstan-17 8 -ol-3-one (IV)

and 5 -androatan-17/9 -ol-3-one (V) with
diazomethane.
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S and 0.83$which were assigned to the C-18 and
‘hngular methyl protons respectively. A one proton
miltiplet was observed at 3.67&;’. These data compared
ell with the compound A—homo-é<{randrostan-lzﬁ?-ol-}-one
3;11) reported by Price (7).

The aluminum oxide catalyzed reaction of V with
diazomethane gave three products (tlc). The major
reaction product was isolated by column chromatography and
recrystallization from n-hexane gave white crystals,

ﬁm 170-171°. The ir spectrum showed a peak at 5.89 p
which was attributed to seven-membered ring carbonyl
absorption. A comparison of the ord curve with that of

3 Aphomo-§j3—androstan-l?ﬁ?-ol—#—one (VIII) (7) showed the
 curves to be superimposible. On the basis of these data
~ the major product was assigned the structure (VEIL).

The two minor products could not be purified, but ir
and nmr spectral data of the chromatographic fractions
containing these compounds were consistent with structures
corresponding to an epoxide and two different enlarged-ring
ketones.

As a part of this study it was considered desirable
to react (V) with diazomethane in the presence of methanol.
One majof compound was obtained and the spectral evidence
for this product indicated that it was an enlarged ring
ketone. The ir spectrum showed carbonyl absorption at
5.90 p. Two seven-membered A-ring ketones were considered

as possible structures for the reaction product. These

S

L —
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re VIII and A-homo—Bﬂ —androstan-l‘?lé -ol-3-one (X). The
curves for VIII and X are shown in Figure V. Compound
exhibited a negative Cotton effect while compound X
owed a positive Cotton effect. The ord curve for the
eaction product is shown in Figure VI. While it shows a
Cotton effect, the curve is not superimposible
."‘l;h the ord curve of X. Further evidence that neither
VII nor X was the correct structure was obtained from ir
data. Both seven-membered ring ketones exhibited carbonyl
‘sorption at 5.89 R as compared to 5.90 o for the compound
under investigation.

On the basis of the evidence discussed as well as nmr
data and physical constants the compound was proposed to be
: A—bis-homo—sﬁ -androstan—l'w -ol-%—one (1IX) (mp 184-185°),

. the position of the carbonyl function being undetermined.

General applicability of the aluminum oxide catalyzed
reaction of diazomethane with steroidal ketones was
investigated by attempting the reaction with 50{-androstan-
3ﬁ-ol—acetate-7-one (XI). A very rapid reaction (complete
in 30 min) was followed by tlc which indicated two products
were formed. One very nonpolar substance was formed in
small yield (less than 10%) together with a very polar
compound which. was the principal product. The mixture was
chromatographed on silica gel and the major component.was
isolated and crystallized to give white needles, mp 1l4l-
142,5°, The nmr spectrum showed two three-proton siﬁglets



16

OH

=il

Figure V. Optical Rotatory Dispersjon Curve of
A-Homo-5/3 -androstan-17 &-ol-4-one (VIII)

and A-Homo-54 -androst -17£ -ol-3-one (o
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0 ‘70'3 and 1.10 & which were assigned to be the C-18
5»0-1é angular methyl protons respectively. A one-proton
ltiplet was observed at 3.57 é?which disappeared when the
ple ﬁas exchanged with deuterium oxide. This evidence
cated that hydrolysis of the 3-acetate had occurred
rielding Sm-androstan-Bﬂ —0l-7-one (XII). The melting
soint found for the isolated compound was not in agreement
!vth the recorded literature values for XIT (16,1?). The
and ir spectrum of (XII) obtained by direct hydrolysis
}u ethanolic potassium hydroxide was identical with that of
the isolated compound and the melting point was not
depressed upon admixture of the two samples. Therefore, it
:was concluded that hydrolysis had occurred during the
.reaction of (XI) with diazomethane under extremely mild

~ reaction conditions.

. Further reactions involving aluminum oxide catalyst,

. ethereal diazomethane solutions which had been dried over

; potassium hydroxide, solutions which were not dried, and
54}androstan—éB—ol-acetate-?-one indicated the hydrolysis
was due to an equilibrium between the acetate and free
alcohol in basic ethereal diazomethane solution. This
equilibrium was driven toward the free alcohol by -
esterific;tion of the acetate anion with excess diazo-

methane.

The minor, nonpolar product isolated from the reaction

of XI with diazomethane crystallized with difficulty giving
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¢y light brown crystals, mp 86-87.5°. The nmr spectrum
dicated C-18 and C-19 methyl absorption and a three-
roton singlet at B35 é? . This line position corresponded
:fthat for the proton; of a methyl ether (14). The ord
rves of XI, XII, and the minor product (Figure VII)
showed negative Cotton effects of identical shape but of
jifferent amplitude. On the basis of the evidence

sresented the structure of the minor product was probably

methoxy-54-androstan-7-one (XIII).
Formation of the methyl ether (XIII) of a secondary

hlcohol in the presence of diazomethane and aluminum oxide

-may be explained by a mechanism similar to that reported

by Neiman, et al. (15) who found that many sterols could be

. methylated in the presence of fluoboric acid and diazo-
methané by the formation of a relatively long-lived

‘ diazonium cation complex that would react with an alcohol

as the nucleophile. They found this complex could also be

formed with Lewis acids such as boron tri-fluoride

etherate and effectively alkylate sterols. It would not be

unreasonable to assume formation of an aluminum oxide

diazonium cation complex which could alkylate a sterol

albeit at a slower rate.
The reaction of diazomethane with Ed}androstan-éB-ol-

7-one (XII) further demonstrated the unreactivity of the

7-ketone, there being no reaction of any kind in that case.

The results of this study indicate that control of

diazomethane reactions with steroidal ketones is best



Figure VII.

Optical rotatory dispersion curves of
XI, XII and XIII.
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ieved by the use of aluminum oxide as catalyst. In most

ses the product mixture was easily separated and the
spective reaction products isolated and characterized.
. is apparent that the alumina-catalyzed reactions give

gs complex mixtures than conventional procedures as well
s different product distributions which are dependent on

configuration of the ring Junction.



EXPERIMENTAL

Melting points were determined on a Kofler block.
frared absorption spectra were recorded, unless otherwise
specified, in chloroform solution on a Beckman Model IR-5A
double beam infrared recording spectrometer. Nmr spectra
were determined on a Varian A-60A spectrometer in ;
‘deuterochloroform (unless otherwise stated), tetramefhyl—
silane as internal standard. Coupling constants, J, are
recorded in cps, while chemical shifts are recorded in 8
}values (ppm). Optical rotations and optical rotatory
dispersion curves were determined in anhydrous methanol

- (unless otherwise stated) in a strain free 0.1 dm cell on
Ta Cary 60 Spectropolarimeter. The specific rotation values
 are approximated to the nearest degree. lMicroanalyses were
f performed by Mr. J. F. Alicino, P.O. Box 267, lMetuchen,

- N.J. Skellysolve BArefers'to a petroleun ethei fraction

4 boiling at 60-68°. Column chromatography was carried out
with silica gel and thin layer chromatography (tlc) was
carried out with silica gel G (unless stated otherwise),
Brinkmann Instruments, Inc. Tlc plates were sprayed with
4% ceric sulfate solution in &4 N sulfuric acid and were

heated to locate the spots.

Preparation of Reactants for Diazomethane Reactions

Preparation of §Cﬁ-androstan—§45 =0l=17-0ne, To a solu-

tion of Jﬁé-androstenpéf?—ol—l7-one (15 g) in 95% ethanol

-2




25
360 ml) was added 10% palladium on carbon (1.5 &)
ogenation (18) was carried out using a Parr apparatus

; approximately 45 psi and room temperature for 4 hr.

Recrystallization from agueous ethanol gave S{—androstan-

$,-ol-l7-one as white crystals, mp 172-173°.

1 Wolff-Kishner reduction of 54landrostan—éB—ol-l?-one.
A solution of 5ﬂ}androstan-§£Lol—l?—one (15 g) in
‘diethylene glycol (225 ml), n-butanol (75 ml) and hydrazine
 hydrate (85% in water) (75 ml) was refluxed for 2 hr.

- After cooling, potassium hydroxide (30 g) was carefully
added. The alkaline solution was distilled and the distil-
late collected until the temperature of the solution in the
distilling flask was 210°. The solution was refluxed for
4 hr, cooled and poured into water, yielding a precipitate.
Recrystallization from aqueous methanol gave 54&androstan-

3)9-o1 (11 g), mp 151-152°.

5f-Androstan-3-one (I). A solution of Sefandrostan—

;8—01 (7 g) in reagent acetone (500 ml) was treated
dropwise while stirring with 8 N chromic acid (Jones'
reagent (19)) until an orange color persisted for 3 min.
An excess of anhydrous magnesium sulfate was added and the
suspension filtered. The filtrate‘was concentrated under
reduced pressure and poured into water (125 ml). The

resulting precipitate was removed by filtration and dried
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under vacuum. Crystallization from aqueous ethanol gave
(1) (5.6 g), mp 103-104° (1lit. (18), mp 104-105°);

CHC1
B nox 3 5.8l p, 7.25 p.

Preparation of 4:;5—androsten-;£}ol. A solution of

AP-androsten-3B-o1-17-one (15 @) in diethylene glycol
(200 ml), n-butanol (80 ml) and 85% hydrazine hydrate
_(60 ml) was refluxed for 2 hr (11). The reaction
“procedure for the reduction of 5{_androstan—ﬁéLol—l?—one
was followed using 25 g of potassium hydroxide and 800 ml
. of water. The precipitate was collected by suction
.‘filtration, washed liberally with water apd dried under

. vacuum. Recrystallization from aqueous methanol gave
A5-endrosten-3F-o1 (12 g), mp 134-136°; HGly 208

2.95 1, 7.27 pe

Preparation of Z&5—androsten-;ﬁ}ol—acetate. Acetic

anhydride (120 ml) was rapidly added dropwise to a stirred
solution of A5-androsten-28-ol (12 g) in anhydrous
pyridine (250 ml). Analysis of the reaction mixture by
tlc showed the esterification to be complete in 4 hr. The
unreacted acetic anhydride was hydrolyzed by the slow
addition of 120 ml of water. The resulting heavy
precipitate was filtered and the filter cake washed with
water in a 400 ml beaker. The suspension was filtered and
the precipitate dried under vacuum. Recrystallization

from acetone-water gave Zl5-androsten—;?-ol—acetate,
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) 93-95.5° \ %15 5.9 p, 8.1 j.

Preparation of é;s—androsten-éﬂ—ol—acetate-?—one. To

20 ml of hot carbon tetrachloride was added A%_androsten-

3F-ol-acetate (2.56 mmole) (806 mg) and N-bromosuccinimide
(2.8 mmole) (450 mg)} Bis-azoisobutyronitril (1 mgm) was
deed as a catalyst and the mixture refluxed. The reaction

‘the solution. The mixture was cooled and the succinimide
removed by filtration. To the filtrate was added Merck
{Beagent Aluminum Oxide (7 g) and the suspension was stirred
for 2 hr at room temperature, then filtered. The alumina

. was washed thoroughly with carbon tetrachloride and the
combined filtrates evaporated to dryness under reduced
pressure. The oily residue was suspended in glacial acetic
acid (80 ml) and treated dropwise during 10 min with a
solution of chromic acid (182 mg) in glacial acetic acid

(5 m1). The mixture was stirred for 48 hr and then poured
into ice water (250 ml). The aqueous solution was extracted
three times with ether, twice with 5% sodium bicarbonate
solution, and dried over anhydrous magnesium sulfate. The
ether was evaporated in yacuo leaving a white crystalline
solid (0.499 g) which was recrystallized from aqueous
methanol to give.Al}-androsten—éﬁ-ol—acetate-?-one (0.390 &),
* mp 177-178° (1it. (20), mp 179-180°); s ANSECl3 2.8-2.95 p
(broad carbonyl), 6.05 p, 7.25 P, 8.1 p.
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EﬁéAndrostanfég—ol—acetate—7-one (XI). To a solution
ig[l5-androsten—;ﬁ-ol—acatate-?-one (1 g) in 95% ethanol
ml) was added 10% palladium on carbon (250 mg).

[y ogenation was carried out at atmospheric pressure and
room temperature for 35 min. The volume of hydrogen
}9nsumed was 77 ml. Filtration of the catalyst and
evaporation of the solvent under reduced pressure yielded
2 viscous o0il which showed two spots on tlc (10% ethyl-
lcetate in benzene), the lower spot corresponding to the
reduced compound and the upper spot to a sﬁall amount of
the reduced ketone. The mixture was dissolved in a minimum
1amount of 50% ethyl acetate in benzene and chromatographed
on 65G of silica gel packed in benzene. Fractions of 9 ml
~ were collected. Fractions 47-50 were combined (0.810 g)
 and recrystallized from aqueous methanol to give XI,

. op 131.5-132°, (1it. (16), mp 130-132°); ACE3  5.81-
5.9 p (broad carbonyl), 7.26 p, 8.1 pe

ﬁj—Androstan-éﬁ—ol-z-one (XI1). To a solution of

potassium hydroxide (200 mg) in 95% ethanol (5 ml) was
added XI (100 mg) and the mixture warmed to 40° for 30 min.
Analysis of the reaction by tlc (10% ethyl acetate in
benzene) showed the hydrolysis to be complete. The
solution was poured into water, filtered and the precipi-
tate collected, rinsed with water and finally dried.
Recrystallization from acetone-Skellysolve B yielded 55 mgm
of white crystalline material (XII), mp 140-142°,
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1it. (16), mp 128-129.5°, (17), mp 130-131°); nur singlet.
6 0. 7082; (C-18 angular methyl protons), singlet at
,18 5(0 19 angular methyl protons), multiplet at 3. 57 S

(C-3 proton).

EZ-Androstan-l;&-ol-é-one (IV). A solution of

testosterone (500 mg) in 50% dioxane-ether (20 ml) was
added dropwise to a solution of lithium (50 mg) in
anhydrous liquid ammonia (50 ml) with rapid stirring (11).

. The reaction mixture was stirred for 15 min and the blue

addition of ammonium chloride

_color discharged by the.
The

§2.5 g). The ammonia was allowed to evaporate.
50 ml) and the

i‘solution was extracted twice with ether (1
ml) and

combined extracts were washed twice with water (60

dried over anhydrous magnesium sulfate. Evaporation of

the ether solution under reduced pressure yielded a

viscous oil which appeared as three spots on tle (20%

The highest Rf spot was the major
onent and the

ethanol-benzene) .

component, the middle one was & minor comp

lower spot was starting material. The mixture was

4 in a minimum amount of 15% ethyl acetate in

atographed on 30 g of silica gel packed

dissolve

benzene and chrom
The highest Rp component (on tlc)

e in benzene (yield, 0.300
(1it. (7,

as a slurry in benzene.
was eluted with 5% ethyl acetat
, 60%) and was jdentified as IV, mp 178-180°,
mp 181-182°) B, +11° (e, 1.15); WL 2,77 p ()

(monomeric hydroxyl), 2.90 p (w) (polymeric hydroxyl),
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5.86 1 (s) (carbonyl); nmr singlet at 0.78 S (C-18 angular
ethyl protons), singlet at 1.04 é;(C-19 angular methyl
protons), multiplet at 3.66@5‘(0-17 proton).

_Androstan-174-ol-3-one (V). To a solution of
llestosterone (10 g) in 95% ethanol saturated with barium
hydroxide (75 ml) was added 10% pall#dium on carbon

(500 mg). Hydrogenation (10) was carried out at atmos-
pheric pressure and room temperature for 30 min. The
yolume of hydrogen consumed was 920 ml (theoretical, 887
.ml). The catalyst was removed by filtration and the

. filtrate evaporated to dryness under reduced pressure, to
] yield an oily residue. Analysis of the oil by tlc showed
r two spots which corresponded to (V) and (IV) in the ratio
80:20. The oily mixture was chromatographed on 400 g of

. silica gel packed as a slurry in benzene. Elution was
carried out using 5% ethyl acetate in benzene and 5 ml
fractions were collected. Fractions 80-200 were shown to
contain (IV). Fractions after 270 containing V were
combined (4.5 g) and recrystallized twice from aqueous
methanol to give white crystals of V, mp 140-141°

(115, (7), 141-1420); B0y + 36° (o, 0.85)5 Npny'3 2.77 B
(monomeric hydroxyl), 2.90 p (polymeric hydroxyl), 5.85 p
(carbonyl); nmr singlet at 017049(0-18 angular methyl
protons), singlet at 1.10&?(0-19 angular methyl protons),
multiplet at 3.60 é?(c-17 proton).
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eneral Procedures for Diazomethane Reactions

A solution of diazomethane in ether was prepared ex
itu by a standard method (21) and dried over potassium

hydroxide for a minimum of two hours.

Procedure A: Reaction of diazomethane with steroidal.

aluminum oxide as ¢

ﬁetones using atalyst. The steroidal
‘ketone was dissolved in a minimum amount of-methylene
chloride. To this solution was added an equivalent weight
of Woelm neutral alumina (activity grade I) and the

~ suspension cooled to -5°C in an ice-salt bath. The
diazomethane solution was added dropwise to the cooled,
“rapidly stirred, suspension until a 13 to 1 mole excess of
" diazomethane was obtained. Stirring was continued as the
ice-salt bath slowly equilibrated with the room temperature
and for 4 to 6 hours thereafter. The alumina was removed

by filtration and the filtrate evaporated to yield viscous

yellow-brown oils.

Procedure B: Reaction_of diazomethane with steroidal

ketones in the presence of methanol. The steroidal ketone

was prepared as a 10% solution in methanol. To this
rapidly siirred solution which had been cooled to =5°C in
an ice-salt bath was added dropwise a previously prepared
diazomethane solution until a 13 %o 1 molar excess of the
diazomethane was obtained. Stirring was continued as the
ice-galt bath slowly equilibrated with room temperature
and for 4 to 6 hours thereafter. The solution was

|
!
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raporated under reduced pressure to yield a viscous

rellow-brown oil.

)iazomethane Reactions with Steroidal Ketones

Reaction of z—androstan-i-one 512 with diazomethane.

solution of (I), 1 g, in dried methylene chloride (25 ml)
The

was treated with diazomethane according to procedure A.

‘ethyl acetate in benzene). The higher Ry spot corresponding

;'bo product and the lower to starting material. The 0il was

Elution was carried out with a solution of 10% ethyl acetate

" in benzene and 8 ml fractions were collected. Fractions 60

 $o0 120 were combined and the solvent removed under reduced

. pressure to yield an oily residue, 355 mg. Crystallization

,' from aqueous methanol gave a white, crystalline solid which
was characterized as 5o{-androstan-3,5-methylene oxide (III),
mp 96-97.5°; E’ﬂ%s +18° (c, 0.49); 7\%%2?3 7.22 p (methyl),
11,05 p and 10.85 p (terminal epoxide); nmr singlet at
0.718 (C-18 angular methyl protons), singlet at 0.82 S

(C-19 angular methyl protons), singlet at 0.59_67 (two

by

oxy-methylene pro"tona) .

Anal. Calcd for CogHzp0 (288.48): C, 83.25; H, 11.2:
Found: C, 83.14; H, 10.93. :
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Reaction of Sd;androstan—??ol—acetate-?-one (X1) with .

‘diazomethane. A solution of (XI) (1 g) in dried methylene
chloride (25 ml) was reacted with diazomethane solution
' (60 ml) according to procedure A. Analysis of the reaction
after 1 hour showed two spots on tlc (10% ethyl acetate in
1 benzene), one corresponding to starting material and the
- other to the reaction product. An additional 60 ml of the
diazomethane solution was added. Analysis by tlc after
30 minutes revealed two products. A very nonpolar material
was present as a minor component while a very polar material
~ was present as the major product. The resulting oil was
chromatographed on silica gel slurried in benzene and eluted
with 5% ethylacetate in benzene. After 200 10-ml fractions
were collected the polarity of the eluate was increased %o
20% ethyl acetate in benzene. The -major reaction product
being eluted completely after 350 fractions. Evaporation
of the fractions containing this product yielded a solid
residue which was recrystallized from acetone-water to give
fine white needles (840 mg), mp 141,0-142,5°; nmr singlet
at 0.708 (C-18 angular methyl protons), singlet at 1.105,
(c-19 éﬁgular methyl protons), multiplet at 5.578 (c-3
proton).

A comparison of this product with (XII) showed these
two compounds to be identical. The mixed mp with (XII)
was undepressed. The ir spectra of the two samples in

chloroform were superimposible.
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Reaction of —androstan-1 0l-3-one (IV) with

A solution of (IV) (500 mg) in anhydrous

‘solution as in procedure A. The oily residue appeared as
wo spots in the approximate ratio of 3:1 on tle.(20%
ethyl acetate in benzene). The higher Rs spot corresponded
vto the major reaction product and the lower Rg spot to the
;minor. The mixture was chromatographed on 30 g silica gel
. glurried in benzene. Elution was carried out with a 10%
I’ethylacetate solution in benzene and 5 ml fractions were

i collected. Fractions up to 95 were combined and evaporated
to yield 250 mg of a solid residue. Recrystallization from
; aqueous methanol gave a crystalline compound which was

' characterized to be Ex}androstan-3,3-methyleneoxy-lzﬂ-ol
(VI); mp 175.0-174.0°; D Shol
2.90 p (polymeric hydroxyl), 10.88 p, 11.09 p (terminal
‘ epoxide); nmr singlet ab 0.76&? (C-18 methyl protons),
b 0.876‘ (C-19 angular methyl protons), singlet atb 2.61 é‘
(two oxymethylene protons), multiplet at 3.63 ; (c=-17

3 277 p (monomeric hydroxyl),

proton).

Anal. Caled for CpHz50, (304.48): C, 78.89; H, 10.59:
Found: C, 77.10; H, 10.68.

Subsequent elution was carried out and fractions 96 to
105 were combined and evaporated to dryness. An oily
residue (30 mg) was obtained which failed %o crystallize.
A comparison of the nmr spectrum of this compound and the

spectrum of A-homo-5qaandrostan-17,8-01—5-one (7) showed
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these compounds to be identical.

Reaction of §e—androstan-%??-ol—B—one (V) with
A solution of (V) (500 mg) in anhydrous

solution (200 ml) according to procedure A. The resulting

' yellow oil was shown to be three compounds on tle (20%
i‘ethylacetate in benzene). The major compnent was the

- lowest Rg spot. The mixture was chromatographed on 30 g
 gilica gel and elution carried out using 5% ethylacetate

in benzene. Five ml fractions were collected and fractions
. 60 through 70, 71 through 85, and 86 through 95 were
combined and showed two spots on tlc. Fractions 96 through
115 were combined and evaporation in vacuo yielded a solid
residue. Recrystallization from n-hexane gave a crystalline
compound which was characterized to be A-homo-ggLandrostan—

179 -0l-t—one (VIII), mp 170-171°, (lit., mp 172.5-173.0°)

CHCl1
B N pox

' membered ring carbonyl); nmr singlet at O.96§g (C-18 angular
methyl protons), singlet at 1.084? (C-19 angular methyl
protons) , 1.07; (hydroxyl proton), multiplet at 3.66

(C-17 proton); and (Figure IV) (¢, O.11 in CH;OH) 25°
(#1500 -11:1°5 [Plzpq < 7730%s [Plago +201°-

3 2.7 p (monomeric hydroxyl), 5.89 p (seven-

Reaction of ;Q:androstan-lgﬁ-ol-i—one (VI) with
diszomethane. A solution of (V) (500 mg) in anhydrous
methanol (50 ml) was reacted with diazomethane solution

according to procedure B. The yellow-brown viscous oil was
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shown to be essentially one spot on tlc.(20% ethylacetate

in benzene). The oil was chromatographed on 30 g of

‘gilica gel. Elution was carried out with 4% ethylacetate

in benzene and the major component eluted after 350 ml of
eluate had been collected. Recrystallization from acetone=- .
Skellysolve B yielded a compound characterized to be
_A-bia-homo—B}—androstan—z one (IX), white plates, mp 184-

- 185°; [4)12)5 + 65°; )CHC]'B 2.77 p (monomeric hydroxyl),

" 5,90 u (eight-membered ring ketone), 7.23 B3 nmr singlet
at O. 748 (C-18 angular methyl protons), 0.90 5(0-19
angular methyl protons), multiplet at 3.03 S (C-17 proton).
: Anal. Caled for C, H 34_02 (318.51): C, 79.19% H, 10.76.
~ Found: C, 78.56; H, 10.58.
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PART II

CONFORMATIONAL STUDIES OF PURINE NUCLEOSIDES
BY NUCLEAR MAGNETIC RESONANCE




INTRODUCTION

‘ Information regarding the possible conformations
of purine nucleosides is required in order to evaluate
the various models being proposed for the DNA molecule.
" In a survey of the number of ways in which the four

. bases of DNA could form hydrogen-bonded pairs with one
- another Donohue (17) determined that 24 different

i pairings were possible. Models for the DNA helix have
‘; been proposed by Pauling and Corey (18), Watson and
Crick (19), and Spencer (2). These models required
different dimensions for the bases and base pairs, but
all proposed an adenine-thymine guanine-cytosine
pairing and a two chain helical structure for DNA. It
is apparent that data regarding the stability of the
various required conformations and information on the
energy barriers between them is extremely important in
determining which models are the most acceptable.

The proposal of an adenine-guanine pairing 25
which fits into the Watson-Crick structure of DNA
emphasizes the need for additional structural studies
on the various parts of the DNA molecule, since with the
data now available it is not possible to assert that
this pairing cannot become a part of the Watson-Crick
DNA helix. Spencer (2) has proposed that the
alternating A-T G-C pairing in the DNA structure may not

38
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be possible because the required conformations about the

_Eaugér--'nbase bonds in nucleosides and nucleotides have
‘not been observed in the X-ray crystallographic studies
to date. However, even though much of the evidence on
possible base pairing and the DNA structure is

: inconclusive, most of the indirect evidence tends to

favor the Watson-Crick proposed pairing.
It is the intent of this work to further add to the

: information concerning the possible conformations of

purine nucleosides by the use of nuclear magnetic

resonance spectroscopy (nmr) as a method to determine

" the favored conformations of the purine nucleosides in

various solvents and at various temperatures. Conclusive
data on this subject would be a valuable addition to the

study of the total structure of the DNA molecule.



PREVIOUS WORK ON CONFORMATIONAL ANATYSIS
OF NUCLEOSIDES

Although studies to deduce conformations of
‘polynucleotides have been conducted intensively in the
‘llast six years, priharily using optical rotatory

" gispersion (ord), little work was done on their monomeric
components. As a result of this lack of information on
the monomeric units and also because the interaction
between adjacent residues in a chain was not understood,

an interpretation of the conformation of polynucleotides

. from the ord curves obtained was not possible.

Recently studies of oligo- and polynucleotides and
the interpretation of the ord of diadenylic acid in terms
of the interaction between the two pases (3) has provided
a basis for the understanding of the ord data of these
substances (4). However, a more complete knowledge of
the preferred conformations of the nucleosides and
nucleotides is needed to properly evaluate the data from
the polynucleotides.

This problem has been considered by Donohue and
Trueblood (1) who defined a torsion angle (¢CN) as the
angle formed by the C-1'-0 bond and the plane of the
purine or pyrimidine ring. The angle is taken as zero
when 02 of the base is antiplamar to the carbohydrate
ring oxygen; positive angles are those measured in a

clockwise direction from this zero point while viewing
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from C to N. Two extreme conformations are possible, one
‘corresponding to ¢CN = -30° (anti) and the other to
f‘gn = 150° (syn), (Figure I).

i

Figure I

Ulbricht, et al. (5) after studying.a series of
about forty pyrimidine nucleosides, including
derivatives of uracil, cytosine and thymine, as well as



:cyclonucleosides, aza-pyrimidine nucleosides and
ﬁpaeudouridines, attempted to determine what factors

. affect the long wavelength Cotton effect produced by
:;these compounds. He found that the sign of the Cotton

~ effect was influenced by the following parameters:

a. the anomeric configuration at c-1'

b. the position of substitution of the glycosidic
residue on the pyrimidine ring

¢. substitution of N for C-H in the heterocyclic
nucleus

4. formation of a third ring between Cc-5' and N-3»

This latter effect together with the data obtained from
a series of cyclonucleosides (II-IV) led Ulbricht to the
conclusion that the p—pyrimidine nucleosides, which are
normal constituents of nucleic acids have the anti-
conformation in aqueous solution. The syn-conformation
was thought to be less stable due to the high-energy
interactions of the C-2 oxygen of the pyrimidine moiety
with the furanose ring.
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Haschemeyer and Rich (22), using van der Waal's radii

" and bond lengths and angles determined by X-ray measure-

i ments, calculated preferred conformations for the pyrimidine
'f nucleosides. He found that rotation about the glycosidic
bond is strongly hindered by the substituent ring atoms
C-2 and H-6. On the basis of the number of close

contacts between atoms; the syn form in pyrimidine
nucleosides was thoushtrto be sterically less favorable
 than the anti conformation. It was pointed out however
that even though the barriers to interconversion of the
syn and anti conformations are quite high these could be
reduced by changes in bond angles. Thus one could not
rule out the possible'occurrence of the gyn conformation
in a pyrimidine nucleoside. The necessary stabilization
for such a structure may be achieved in some circumstances

in a polynucleotide chain as it is in the cycloneucleosides.
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Ulbricht and co-workers (6) also investigated purine
nucleoside conformation. They found that the ord curves
:of these nucleosides in aqueous solution were more
difficult to obtain than the curves of the pyrimidine

" nucleosides. This was due to the fact that the purines

. agbsorb even more intense}y in the ultraviolet necessitating
 the use of very dilute solutions and also due to the small
optical rotations exhibited by these compounds. For all

of the noncyclic purine nucleosides studied, a negative
Cotton effect was observed. The cyclic nucleoside,
8,5'-cycloadenosine (V), in which the anti conformation

is fixed by a ring linking C-5' of the sugar to C-8 in

the imidazole ring was found to exhibit a negative Cotton
effect. These data suggested that a negative Cotton effect

is associated with an anti conformation.

By : NH,
J | ‘>
o/<‘l 5, I‘_\N/.”
0 0
ke H
OH : OH OH
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In contrast, 2',3'-isopropylidene-N-},S'-cycloadenosine
jodide (VI), which necessarily has the syn conformation,
~was found to have a small positive Cotton effect.
 Ulbricht proposed, then, that the purine nucleosides,
in aqueous solution, exist in the anti conformation.
! However, the difficulty in obtaining reliable ord data
along with the high absorbance characteristic of the
purine moiety must be taken into consideration when
evaluating this work, and the possibility that a change
in the chromophore may have influenced the sign of the
Cotton effect cannot be overlooked.

Recently, Ikehara, et al. (7) in determining the
ord of a variety of cyclonucleosides, including
(VII)-(IX), all of which were in an anti conformation,

found the Cotton effect to be positive in'all instances.

ViI VELL & okany X




']uey felt that in consideration of these structures
together with the fact that purine nucleosides generally
‘have a negative Cotton effect the free nucleosides in
faqueous solution must have a syn conformation.

A Eyring, et al. (23) demonstrated the dependence of
‘optical rotation of the purine nucleosides on the nature
. of substituents, the sugar-base torsion.angle, and changes
E in the puckered conformations of the ribose residue. He
P felt that while an analysis of the preliminary work
indicated that an anti range of the torsion angle is

! preferred in adenine nucleosides, conclusive evidence
was not available until more suitable model nucleosides
have been investigated. Also Klee and Mudd (24) prefer -
to leave the question of conformation in the purine
riboside series open following ord studies of a fairly
wide variety of models.

Thus, interpretation of the conformational data on
purine nucleosides can only lead to a conclusion that,
for the compounds considered, a sSyn conformation is
favored for some nucleosides and an anti for others.
Indeed this may be the case since calculations by
Haschemeyer and Rich (22) have shown that two stable
isomers would occur for the purine nucleosides. One was
in the anti range (ng = -8%° to -60°) and the other in
the syn range (QCN = +#110° to +115°) with only low

energy barriers %o interconversion.



RESULTS AND DISCUSSION

Since the work of Ulbricht (8) and Ikehara (7) could
. not resolve the controversy on conformation of purine
nucleosides in solution, using data from ord studies, it
~was felt that a method other than ord must be used to
facilitate this investigation. Further it was felt that

. nuclear magnetic resonance (nmr) would provide a useful
analytical tool for conformation studies. The spectral
line positions of the protons (chemical shifts) in en nmr
spectrum are sensitive to their chemical locations because
the surrounding electrons which constitute the chemical
environment "shield" the nucleus from the applied magnetic
field (Ho). The applied magnetic field sets up current
circulations in the electron orbitals that surround the
nucleus and these in turn produce at the nucleus a slight
field, &H, which is in opposition to the incident field
Ho. In different chemical environments, this effect
occurs to differing extents.

One factor that would cause changes in the shielding
of the nucleus and thus in its chemical shift is the
electron density around the nucleus (10). The indnctive
effects of atoms or functional groups in close proximity
to the nucleus contribute to the electron density around
it and help determine the applied field strength necessary

to cause the precession of the nucleus. It follows that

47~
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.strongly electronegative atoms would reduce the electron
;density about the nucleus or effectively "deshield" the
:nncleus. The applied field necessary %o promote energy

~ absorption would then be lower than the field necessary
;if the nucleus was shielded by a more electropositive
group.

The electronegativity of neighboring groups is not

. the only factor determining chemical shifts. Fields

4 resulting from currents induced in the high electron
concentrations associated with certain adjacent groups
also contribute to the magnetic field acting at the proton.
These fields generally oppose the applied magnetic field.
If the electrons tend to circulate more freely around one
axis than another, the material is said to have an
anisotropy of diamagnetic susceptibility. This anisotropy
effect occurs in systems such as benzene, ethylene and
carbonyl functions.

The snisotropy of the carbonyl group arises from
paramagnetic circulations induced by the component of the
applied field in the plane of the trigonal carbon atom.

It was concluded (26) that the shielding associated with
the carbonyl group is positive in conical regions extending
above and below the plane of the double bond and negative
elsewhere (Figure I).
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Figure I. Long range shielding of the carbonyl group.

Thus the deshielding of protons will be greatest if they
lie in the plane of the carbonyl group.

For compounds containing aromatic systems the effect
of the induced field which arises from diamagnetic
circulations of the‘TT electrons may be felt by protons

as far removed as 5 or 6 1 from the center of the
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system (27). The approximate nature of the induced field

for benzene is illustrated in Figure II.

N

Figure II. Long range shielding of the benzene ring.
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Although an anisotropic effect for the purine ring
‘had not been demonstrated, one could propose that
conformational changes about the N-=9 ¢ + ¢ C-1' bond in
'purine nucleosides would produce different chemical shifts
for H-1' of the sugar moiety. One could predict as an
analogy to the anisotropy of Senzene, that the H-1' proton.
. of a purine nucleoside should exhibit an increased
shielding by the aromatic system of the purine ring in
'Icertain conformations of the nucleoside. According to
intramolecular measurements of purine nucleosides using
Framework Molecular Models, the distance from H-1' to the
center of the purine ring approaches 3.3 3 (Figure II1)
ag the purine ring assumes the anti conformation. Since
this distance is well within the 6 & found as the meximum
effective distance of shielding for other aromatic systems
it could be assumed that H-1' would be somewhat shielded
by the purine ring in an anti conformation. In the syn
conformation the shielding'effect of the purine ring on

H-1' would be decreased by the increase in distance

i
L
!

between H-1' and the purine ring.

In order to observe the effect of different
conformations on the chemical shift of H-1' of purine
nucleosides it was necessary to obtain model compounds
which adequately fit the syn and anti definitions. All of
the following compounds were then synthesized in this
laboratory with the exception of 8,2'-anhydro-9-arabino-
furenosyl adenine (XVI). The nmr data for (XVI) were




52

HO

HO H
anti

Relation of the purine ring to H-1' in

Figure III.
purine nucleosides.
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graciously supplied by Mario Ikehara (25). The models
' chosen for the syn conformation were 2',3'-isopropylidene-
g 3,5'-cycloguanosine iodide (X) and 2',3'-isopropylidene-

! 5,5'-cycloadenosine jodide (XI). The presence of the

RR=5  ° ° C-5' bond in these compounds provided the

; required syn conformation.

The model chosen for the anti conformational studies
was 9—(2',3'-O-isopropylidenefjs-D—lyxofuranosyl) adenine
(XIII). Preparation of the cyclic derivative (gyn
conformation) has not been reported whereas Reist, et al.
(12) found that 9-(2' ,5'-O-isopropylidene-S'-O-methyl-
sulfonyl:)?-D-lyxofuranosyl) adenine (XII) to be extremely
resistent toward nucleophilic displacement necessary to
form the respective 3,5'-cyclonuc1eoside. Rotation about
the N=9 + « « C-1' bond would seem to be prevented due to
the steric hindrance of the isopropylidene methyl groups.
Therefore, it could be agsumed that the lyxofuranoside
(XIII) was an adequate model for the anti conformation.

Goodman (11), et al. reported they had prepared
9—gﬁ9-D-xylofuranosyl) adenine (XIV) by a fusion of
xylosetetraacetate and acylamido purine but did not
include experimental detail. Reist (12), et al. had
reported conversion of (XIV) %o 9-Qj?-D-1yxofuranosyl)
adenine (XIII) which was thought to be the model of choice
for an snti conformation of purine nucleosides. However,
this conversion used (XIV) prepared by a coupiing of the
blocked xylofuranosyl bromide and chloromercuri-s-benzamido



purine (13). An adaptation of these two preparations
(Figure IV) yielded the required lyxofuranoside (XIII).

All models previously mentioned had the same
configuration of the hydrdxyl group at C-2' and C-3'.
Investigation of the . lyxofuranoside (XIII) (having a
different hydroxyl configuration at both C-2' and C=3')
as a model for the anti conformation showed changes in the
chemical shift of H-1' as was expected. It was felt that
configurational changes at C-2' would affect the chemical
shift of H-1l' however it was assumed that any change in
configuration of the C-3' hydroxyl would have little effect
on the chemical shift of H-1'. In order to determine the
effect of configurational change at C-2' on the chemical
shift of H-1', 9-€[?-D-arabinofuranosyl) adenine (XV) was
studied. The magnitude of the contribution due to the
configurational differences at C-2' was found to be 0.34
ppm when the arabino-nucleoside was compared to the
ribose-nucleoside adenosine. This value was subtracted
from the observed chemical shift of H=-1' of XIII.to give
the corrected value (Table II).

It can be seen from Table I that the anomeric protons
of the cyclonucleosides (syn conformation) have marked
downfield shifts (éf. 6.6 ppm or greater) when compared to
the model for the anti conformation (XIII) with a corrected

H-1' of & = 5.78 ppm. For the adenosine series the "pure"
syn conformation has H-1' centered at 6.73 ppm, while the

e ey
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TABLE II

Comparison of the Anomeric Proton Chemical Shifts in the
Adenosine Series (Relative to the Cycloadenosine Iodide)

Conformation He-1 Az

2" 3-Isopropylidene-5»5‘-
cyoloadenosine iodide (XI) syn 6.73

~ Adenosine natural® 5.9 =0.80

2' ,3'-Isopropylidene ¢
adenosine natural 6.16 =0.57

2',3'-Isopropylidene c
adenosine, S5-acetate (XVI) natural 6.16 =0.57

9-(2',3'-0-Isopropylidene- 6.122
-D-1lyxofuranosyl) b 5'78b -0,61
adenine (XIII) o

9;&§1E2;Arabinofuranosyl) aabisal® 6.27 =0.46

8observed value
bvalue corrected for change in C¢-2' hydroxyl configuration

Cpatural conformation is that achieved by the free
nucleoside in solution
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yvalue for the anti conformation is centered at 5.78 ppm.

- Thus the difference in chemical shifts of H-1' between the
. syn and anti conformation for the adenosine series‘is

; equal to 0.95 ppm. For the guanosine series this
difference in chemical shifts of H-1' decreases somewhat
to 0,81 ppm, but is still gignificant and follows the
predicted pattern of decreased shielding of H-1' with a

~ syn conformation.

When the chemical shifts of H-1' of the isopropylidene
derivatives of the natural mucleosides, guanosine and
adenosine are compared to the data for the syn and antl
models (Table IV) it becomes evident that the natural
mucleosides occur in a predominately anti conformation
gince the values of the H-1' protons for the natural
nucleosides are closer to the values found for the anti
models. However, it is not possible as yet to predict
quantitatively the specific conformation of these
nucleosides.

In a private communication, M. Ikehara (25)
reported that 8,2'-anhydro-9—arabinofuranosyl adenine (XVI)
had a chemical shift for H-1' of 6.50 ppm. When this
value is corrected for the arabino-configuration it
becomes 6.16 ppm which is in close agreement to the
values obtained in this study for the anti conformation.
Particularly when one considers the model of the anhydro -

derivative it becomes apparent that the conformation is
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TABLE III

Comparison of the Anomeric Proton Chemical Shifts in
the Guanosine Series (Relative %o the Cycloguanosine)

Conformation _ H=l s

: 2',5'-Isopropylidene-3,5'-

cycloguanosine
Guanosine

2',5'-Isopropylidene
guanosine

Sodium guanosine—s'-
monophosphate

m 6059

naturala 5.74 =0.85
natural® 5,95 =0.64
natural? 5,94 =0.65

8,.,tural conformation is
nucleoside in solution

that achieved by the free
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' not pure anti end therefore H-1' should be somewhat less

shielded than in the model for the pure anti conformation

- (Figure 10).

NH, N
NS
4 ? N ¥
0/<N oot ) (direction of base)
HO A 0 XVI
0
D : ANTT

Schematic representation
of the position of the
base in XVI.

8,2'-Anhydro-9-arabinofuranosyl adenine (XVI)
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The effect of temperature on the spectra of the
nucleosides was investigated since it was felt that if an
energy barrier between the syn and anti conformations of
purine nucleosides existed it may be possible to observe
this with change in temperature of the sample.

Raising the temperature to as high as 83%°C had no
effect on the spectra of the free nucleosides, either in
position of absorption or in coupling constant (Table VOs
Since one could not lower the temperature of the
nucleoside-DMSO—dé solutions below 16°C due to the
limitation of the freezing point of the solvent, a solution
of the isopropylidene derivatives of adenosine and guanosine
were prepared in dimethylformamide. It was possible to
decrease the temperature of this solution to -40°C before
freezing occurred. At this temperature H-1' of
isopropylidene adenosine and isopropylidene guanosine was
shifted downfield by approximately 0.1 ppm as compared to
their position in DIMF solution at probe temperature of
39°C, Attempts to further lower the temperature again
required changing the solvent system. However, the
isopropylidene derivatives were not soluble in any of the
potential nmr solvents with freezing points less than
-40°C. )

Therefore, 2',3'-0O-isopropylidene adenosine-5"'-acetate
(XVII) was prepared since this was thought to offer a

compound which would have a wider range of organic solvent
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solubilities and thus could yield spectra at even lower
probe temperatures. This could only be partially
accomplished as it was possible to take a solution of
isopropylidene-adenosine-5'-acetate (XVII) in 5%
methanol—dg/chloroform-d to -74°C vefore freezing
occurred. Attempts to dissolve the nucleoside in pure
methanol-d, and a series of Freons<§)was unsuccessful at
these temperatures. The spectrum at ~74°C did indicate
an even greater shifting of H-1' at -74°C (0.21 ppm) thean
at —40°C. Together with the shift of H-1', it can be seen
from Taeble V and Figure V that the entire spectrum begins
to shift downfield as the temperature becomes lower with
the protons H-2 and H-8 being particularly affected. Also
with this shifting it was noted that the entire spectrum
began to lose resolution with the exception of the
tetramethylsilane (TMS) signal. This can be interpreted
to indicate the beginning of "freezing out" of a
conformation or might also indicate self-association of
the nucleoside molecules. However, the solution was
prepared at a concentration such that self-association
should have occurred even at normal probe temperatures.

These experiments indicate that there is some

conformational change but are too inconclusive to predict
any conformer population. It is apparent that more work
is required to establish the equilibrium composition of
the possible conformations in solution.



EXPERIMENTAL

Boiling point determinations and infrared absorption
spectra were obtained as in Part I. Nmr spectra were
determined on a Varian A-60A spectrometer and Varian
HA 100 mge NMR specfrometer. Spin-spin decoupling was
achieved using the spin-decoupler (Model V-6058A)
accessory on the A-60A model. Variable temperature
measurements were carried out with a variable temperature
unit (V-6040 NMR). TFor low temperature studies the
probe was cooled by flow of gaseous nitrogen which had
been cooled by passing through a heat exchanger submerged
in liquid nitrogen. Various deuterated solvents were
used and are specified where appropriate. Both
tetramethylsilane and tetramethylsilanepropionic acid were
used as internal standards. Ultraviolet analysis of the
chromatographic fractions was obtained on a Cary 14
Recording Spectrométer. Paper chromatography was employed
using Whatman No. 1 paper by a descending method. The
spots were located by visual examination with an
ultraviolet lamp. The solvent sjstem used was n-butanol

saturated with water. Thin layer chromatograms were Iun

on silica gel F254 (E. Merck A.-G., Darmstadt) . The spots

were detected by visual examination under ultraviolet

light (254 qp). Solvent system for nucleoside chromatograms

was benzene-methanol (70:20).

-69-



70
Preparation of Diacetone Xylose. To one liter of

reagent anhydrous acetone were added, in the following
order, concentrated sulfuric acid (5 ml), powdered
anhydrous copper sulfate (100 g) and xylose (50 g)s TInis
solution was mechanically stirred for 16 hr. The copper
sulfate and unchanged xylose were filtered off, 12.5 ml of
water added and the solution neutralized with powdered
calcium hydroxide. After filtering the mixture the
solution was concentrated under reduced pressure to a
thick syrup (55 g) which was considere@ pure enough to be

used in the following reaction.

Preparation of Monoacetone Xylose from Diacetone

.leose. The crude syrup of diacetone xylose (55 g) was
dissolved in 0.16% hydrochloric acid solution (900 ml) and
stirred at 24° for 2 1/3 hr. This solution was then
immediately neutralized with lead carbonate and
concentrated under reduced pressure. The insoluble
inorganic salts were removed by filtration and a thick
sSyrup was obtained. This syrup was dissolved in an equal
volume of acetone and a crystalline material precipitated;
The crystalline material was removed by filtration and
characterized by nmr as being xylose. The mother liquor
was evaporated to yield 47 g of monoacetone xylose as a
viscous syrup, nmr singlet at 1.5;?(isopropylidene}methyl
protons), singlet at 1.47 g(isopropylidene methyl protons),
doublet at 5.95é?(anomeric proton).

s

e
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Preparation of Diacetyl Monoacetone Xylose.

Monoacetone xylose (47 g) was dissolved in anhydrous
pyridine (300 ml) and to this solution was added 51 ml of
acetic anhydride (2.2 moles). After 12 hr at room
temperature water (10 m1) was added to the solution and
after an additional 30 min the crude mixture was
concentrated under reduced pressure (8 mm Hg) at 40° to a
volume of about 75 ml. This mixture was dissolved in
water (100 ml) and extracted twice with chloroform (100
ml). The chloroform extracts were combined, dried over
anhydrous magnesium sulfate and evaporated under reduced
pressure (8 mm Hg) at 40° to yield 55 g of diacetyl
monoacetone xylose as a viscous SyTrup. 32213 Bel B
(carbonyl), 7.25 p (methyl), 8.0 p-8.2 p (broad acetate
¢-0-C), 9.3 p-9.7 p (broad ketal C-0-C); nmr singlet at
1.52 S(isopropylidene methyl protons), 1l.51 5’
(isopropylidene methyl protons), 2.06 é;(acetate methyl
protons), 2.10‘6;(acetate methyl protons), 5.95 é?

(anomeric proton).

Preparation of 1.2.3,S-tetra-O-acetvl-D—xylose. To

a solution of 3,5—di—0-acetyl-l,2-O—isopropylidene—D-
xylo-furanose (40.3 g) in glacial acetic acid (300 ml)

and acetic anhydride (56 ml) was added concentrated
sulfuric acid (25 ml) dropwise with stirring and sufficient
céoling to maintain a temperature of about 5°. After the

addition was complete the reaction was left at room
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temperature for 18 hr and then poured slowly into ice
water (400 ml) while stirring. The aqueous layer was
extracted four times with chloroform (200 ml). The
chloroform extracts were combined and stirred vigorously
with 600 ml of 5% aqueous sodium bicarbonate solution.
The chloroform layer was separated from the aqueous
layer, washed once with 200 ml of water and dried over
anhydrous magnesium sulfate. The solution was filtered
and evaporated to dryness under reduced pressure to yield
1,2,3,5-tetra-O-acetyl-D-xylose (50 g). Nmr, 2.1¢
(acetate methyl protons), 6.128 (anomeric singlet),
6.41 8 (anomeric doublet). : :

Preparation of n-octylamidoadenine. Adenine (10 g)

was dissolved in anhydrous pyridine (50 ml) and cooled to
0°. This cooled, stirring solution was treated dropwise
with n-octyl chloride (12.25 g). This solution was
refluxed for 2 hr, then poured into ice water’ (100 ml).
The resulting suspension was made just acid with dilute
hydrochloric acid and the precipitate filtered and
recrystallized from ethanol to give _:q—octylamidoadenine
(11.2 g) as crystals, mp 187.5-188.5° (1lit. (16) 184-186°).
Nmr, triplet 0.78 & (terminal methyl), broad singlet
1.2% 8 (methylene protons), 8.46 and 8.67 (ring
protons), 11.08 8 (N-9 proton).
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Coupling reaction of xylosetetraacetate and

6-n-octylamidopurine. A mixture of xylosetetraacetate

(3.49 g) and 6-n-octylamidopurine (1.1 g) was heated on
an oil bath to 160° under a water aspirator vacuum for

5 min with stirring to mix and dry the reactants. After
bubbling had ceased the mixture was cooled to room
temperature, the vacuum released and p-toluenesulfonic
acid monohydrate (100 mg) was added. The flask was
re-evacuated using a water aspirator and the mixture
heated to 185° to achieve a good melt and maintained at
170° for 45 min. During this time a slow bubbling of the
melt occurred. The mixture was then cooled to room
temperature, the vacuum released and the residue
dissolved in chloroform (60 ml). The precipitate was
removed by filtration and the filtrate washed first with
5% aqueous sodium bicarbonate (30 ml), then with water

(30 ml), and dried over anhydrous magnesium sulfate. The
solution was filtered and evaporated to dryness under
reduced pressure to yield a brown tar (508 mg). This
residue was dissolved in anhydrous methanol (60 ml) and a
solution of 1 N potassium methoxide in methanol was added
until a pH of 9 was obtained as shown on moist pHydrion
paper. ‘After refluxing for 30 min the solution was
neutralized with acetic acid and evaporated to dryness.
The residue was dissolved in a minimum amount of water and
chromatographed on a Dowex 1-X2 (50-100 mesh) column

(20 x 60 cm) which had been regenerated by 1 N sodium
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hydroxide and rinsed with distilled water until the
eluate was neutral. Elution was carried out using 30%
methanol in water until 1000 ml of eluate were collected,
then the eluting solvent was changed to 60% methanol in
water and 6 ml fractions were collected. Evaporation of
fractions 275-400 gave 9-@{:-D-xylofuranosyl)adenine

(22 mg) as a clear foam. Nur doublet (J = 3.2 cps)
6.4—68 (anomeric proton), singlets 8.16_8 and 8.24 €
(purine protons). Evaporation of fractions 401—625
yielded 9-€%?-D-xylofuranosyl)adenine as a clear foam,
(103 mg). Nmr, doublet (J = 3.0 cps) 6.0g(anomeric
proton) , 8.068 and 8.28 g(purine protons'). The yield
of 9-§}9-D-xyiofuranosyl)adenine, based on the unrecovered

acylamidopurine, was 15%.

Preparation of 9-(3',5' -O—isopropvlidene—B ~D-xylo-

furanosyl)adenine. A solution of 9-&[9-D—xylofuranosyl)-
adenine (0.9661 g) in anhydrous reagent acetone (100 ml)
and ethane sulfonic acid (1.5 ml) was stirred at room
temperature for 16 hr and then poured into a solution of
sodium bicarbonate (3.2 g) in water (60 ml). This
solution was extracted four times with chloroform (60 ml)
and thé combined extracts washed once with waterr(GO ml)
and dried over anhydrous magnesium sulfate. The
chloroform solution was evaporated to dryness under
reduced pressure to yield crude 9-(3',5'-0-isopropylidene~

JB-D-xylofuranosyl)adenine (1.087 g). Recrystallization
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from methanol gave crystals (66% ‘yield), mp 205-207°
(1it. (11), mp 207-208.5°). Nmr singlet 6.05;?
(anomeric proton), 8.238 and 8.37 _g(purine protons),
1.28 & and 1.46 O (metyl protons).

Preparation of 9-(2'=0-methylsulfonyl- £ -D-xylo-
I

furanosyl)adenine. A solution of 9-(3',5'-0-iso~
propylidene119—D-xylofuranosyl)adenine (which had been

dried at 50° under vacuum for 9 hr) (732 mg) in anhydrous
pyridene (50 ml) was cooled to 5%. Methanesulfonyl
chloride (0.8 ml) was added dropwise with stirring. The
solution was allowed to stand for 24 hr at room
temperature and then poured slowly into ice water. The
cold mixture was extracted with four portions of
chloroform (30 ml). The combined extracts were washed
with 5% équeous sodium bicarbonate (25 ml), then with
water (25 ml) and dried over magnesium sulfate. The
chloroform sdlution was evaporated to dryness under
reduced pressure to yield a yellow foam. The residue was
dissolved in 90% aqueous acetic acid (25 ml) and the
solution maintained at 50° for 8 hr and then evaporated
to dryness to give the crude ﬁesylate, 511 mg, which was

used for the following reaction.

Preparation of 9-( [} -D-xylofuranosyl)adenine. A
7z

solution of the crude mesylate, (511 mg), in anhydrous
pyridine (10 ml) was cooled to 0° in an ice bath.
Benzoyl chloride (1.05 ml) was added dropwise with




76

stirring and continued cooling. After the addition was
complete, the reaction was maintained at 5° for 18 hr
and then poured into ice water (25 ml). The mixture

was extracted three times with chloroform (30 ml). The
combined extracts were washed with 5% agueous sodium
bicarbonate, dried over magnesium sulfate and evaporated
to dryness under reduced pressure. The residue was
taken up in toluene (10 ml) and the solvent removed
under reduced pressure. This procedure was repeated
again to remove the last traces of pyridine. The brown
oily residue was chromatographed on silica gel packed as
a slurry in chloroform. Elution was carried out with
chloroform and 5 ml fractions were collected. The
benzoylated derivative was eluted immediately and
evaporation of the eluate yielded the crude product

(820 mg) which was used in the next stepe.

A mixture of the crude benzoylated product (820 mg)
and sodium fluoride (1 g) was dried at 40° at 10 mm Hg
for 5 hr and then dissolved in 40 ml of dried dimethyl-
formamide. This solution was heated under a nitrogen
atmosphere at 140° for 24 hr on an 0il bath. To the
cooled golution was added 3 ml of water and the mixture
stirred at 60° for 1 hr. The dark suspension was poured
into water (80 ml) and extracted twice with chloroform
(50 ml). The combined extracts were washed with 5%
aqueous sodium bicarbonate, dried over anhydrous

magnesium sulfate and evaporated to dryness under reduced
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pressure to yiéld a dark oil. The oily residue was
dissolved in methanol (20 ml), which had been saturated
previously at 0° with ammonia, and the solution
maintained at room temperature for 18 hr. The solution
was then evaporated to dryness under reduced pressure
and the residue partitioned between chloroform (25 ml)
and water (25 ml). The aqueous phase was evaporated to
dryness under reduced pressure to give 310 mg of a
mixture of nucleosides. A solution of this mixture

(310 mg) in a minimum volume of water was chromatographed
on a Dowex 1-X2 (50-100 mesh) column (1.5 x 40 cm) which
had been regenerated by 1 N sodium hydroxide and rinsed
with distilled water until the eluate was neutral.
Elution was carried out using 20% methanol in water and
5 ml fractions were collected. Fractions 100-140 were
found to contain the desired product as shown by nmr and
uv analysis at 260 e Eveporation of the solvent
yielded crude 9-g[?-D-lykofuranosyl)adenine (75 mg) as a

clear oil.

Preparation of 9=(2',3'-O-isopropylidene-f -D-lyxo-
furanosyl)adenine. A solution of the crude 9-9[?-D-lyxo-
furanosyl)adenine (75 mg) in ethane sulfonic acid
(0.15 ml) and 10 ml of anhydrous acetone was stirred at
room temperature for 22 hr, then poured into a cold (0°)

solution of sodium bicarbonate (70 mg) in water (15 ml).
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The solution was stirred to room temperature and then
evaporated to dryness under reduced pressure. The
white residue was continuously extracted with chloroform
for 24 hr., The chloroform was evaporated to dryness
under reduced pressure to give 107 mg of a mixture of
the 2',3'- and 3',5'-isopropylidene derivatives. This
mixture was chromatographed on a Dowex 1-X2 (50-100
mesh) column (1.5 x 40 cm) and 5 ml fractions were
collected. Elution was carried out with 20% methanol in
water and 35 mg of the crude 2',3'-isopropylidene
derivative were obtained. Nmr singlets at 1.23 3 and
1.44é? (methyl protons), doublet at 6.12»&;(J =‘2.4 cps)
(anomeric proton), singlets at 8.15 8 and 8.24 8 (purine

protons).

Preparation of 5'-deuterohydroxyl—6.6-dideutero-

amino-2',3'-isopropylidene adenosine. To a solution of

2',3'-isopropylidene adenosine (500 mg) in dimethyl-
formamide (2 ml) was added deuterium oxide (0.5 ml).

This solution was distilled until the distilling
temperature reached 110°. Deuterium oxide (0.5 ml) was
then added to insure complete exchange of replaceable
hydrogen with deuterium and distillation continued until
the distilling temperature was again 110°. This solution
was used directly for low temperature studies in

dimethylformamide.
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Preparation of 6,5'-dideuterohvdroxvl—2,2-dideutero-

amino-2',3'-isopropylidene guanosine. To a solution of

2',3'-isopropylidene guanosine (500 mg) in dimethyl-
formamide (2 ml) was added deuterium oxide (0.5 ml) and

the same procedure followed as for the above.

Preparation of 2‘,3'—isopropvlidene-5.5'—cyclo-

guanosine. 2',3'-Isopropylidene—B,s'—cycloguanosine
jodide (0.2 g) was added with stirring to water (2 ml).
The pH of the solution was adjusted to pH 7 by the
addition of 2 drops of concentrated ammonium hydroxide.
The mixture was cooled at 10° for 12 hr and the
‘precipitate filtered %o yield 2',%"'-isopropylidene-
3,5'-cycloguanosine (25 ng) as white needles,

mp 145° d (lit. (14), mp 150° d); nmr singlets at 1.28é;
and 1.49 S (methyl protons), doublet at 4.648 (B-3"), |
doublet at 5.118 (H-2'), singlet at 6.59 8 (.anomeric
proton), singlet‘ at 8,15 S (purine proton)n.

Preparation of 2',3'-igsopropylidene adenosine=5"'-

acetate. 2',3'-Isopropylidene (0.98 g) was dried in

the Abderhalden for 12 hr, then added to anhydrous
pyrideng (25 ml) and acetic anhydride (3 ml) was added.
The solution was stirred for 12 hr at room temperature.
Ethanol (10 ml) was added and the solution was allowed
to stand for 1 1/2 hour and was then evaporated to
dryness under reduced pressure. The residue was

dissolved in chloroform (30 ml) end washed twice with



5% aqueous sodium bicarbonate (10 ml) and then twice
with water (10 ml) and finally dried over anhydrous
magnesium sulfate. The drying agent was filtei‘ed off
and solution evaporated to yield a colorless resin which
appeared to be two products in the ratio 3:1 (nmr). The
resin was suspended in ether and chloroform added just to
the point of solvation. The suspension was cooled at

10° for 36 hr and the precipitate filtered to yield
2',3'-isopropylidene-5'-acetate (415 mg) as white
crystals, mp 164°, (lit. (15), mp 167°); nmr singlets

atii 1 428 and l.64 S (ketal methyl protons), singlet at
=2 018 (acetate methyl protons), quartet at 5.09 (H-3'),
doublet (J = 2.0 cps) 6.16 8 (anomeric proton), singlets
at.7.95 8 and 8.23 8 (purine protons).
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THE ALUMINA-CATALYZED ADDITION OF DIAZOMETHANE
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