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ABSTRACT

A stereospecific synthesis of subsntuted denvatves of 2,5-anhydro-p allose tia
conformational control and diazouzation 15 descnbed Diazonzation of the con-
formauonally mobile methyl 2-amino-2-deosy-z-p-aliropyranoside (7) and s
3.4 6-tri-O-benzoyl dernivative (8) led 10 a selecuvely disfavored. nng-contracuon
reaction, but, for the conformatiopally rigid 2-amino-1 6-anhydro-2-deovy-3-Q-p-
tolylsulfonyi-g-D-altropyranose (19). the rearrangement was unequivocally channelled
sterzospecifically, and almost quanutat.nely 1o a 2.5-anhydro-n-alloseptanose
denivative {21) Conformational assignments and rearrangemeni mechamismr . are
discussed O-Detosylation was achieved by photolysis The [,3-diovolane denvause
used for the protection of the anomenc center was found very resistant toward ac,d
hvdrolysis, and disadvantageous 1n the 1egeneration of the free aldehyde group

INTRODUCTION

The resistance of C-nucleosides towards enzvmic cleavage', presumably due
to the greater stabulity of the C-glvcosyl bond compared with the usual V-glycosyl
bond, has made C-nucieosides interesting targets for chemical synthests In the past
few years, several routes having a potenual for the elaboraiion of syntheses of C-
nuclcosides have been reported®~® Afost of these syntheses involved intermolecular
displacement or addiuon at the anomeric center As 1n many asymmetric syatheses,
such condensations present the stereachemical problem of anomeric assignment’.
On the other hand, svnthesis of C-glycosyl compounds from non-sugar precursors 1s
handicapped by racemic rntermediates™°

2,5-Anhydro sugar derivauves are of prime importance for the synthesis of
C-nucleosides, especially when their mod * of synihesis gives sunable control of the
stereochemustry  An ingenious synihesis of a C-nucleoside, with stereochemucal
control of a 2 S-anhydro sugar intermediate. has been achieved by an 1ntramolecular

*Present address Chemical Research Department Hoffmann-La Roche. Inc, Nutley, New Jersey
07110, U S A
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displacement of 2 sulfonic ester group®. Deamunation of certamn 2-amino-2-deoxy-
aldohexoses with nitrous acid constitutes the oldest route to 2,5-anhydro sugars®, and
the chemustry of the deamination has been extensively studied '% ', The rearrange-
ment of carbomium 10ns formed through a diazomum intermediate 1s a complex
process, and certain steps are stull imperfectly understood It 1s well known that a
group, or atom, frans and antiparallel to the ammo group reaaily attacks the cauonic
center by an “Sn2-like™, intramolecular displacement Only recently has diazotization
been employed 1n the synthesis of C-nucleosides'? The drawbacks of this mild
reaction for general use in the synthesis of 2,5-anhydro sugars are the occurrence of
side reactions leading to low yields, and ambiguiy as to the siercochemistry of the
products

Initially, we sought to synthesize 2,5-anhydro-p-allose (1) from the reaction of
methyl 2-amuno-2-deoxy-x-D-aliropyranoside {(7) with mitrous acid, reasomung that
the deamination mechamsm would lead to nng contracuon of the 'C4(p) conformer
and configuratronai inversion at C-2 However, the results indicated that the desired
rearrangement 1s only a minor process, and that the major pathway 10volves the other
conformer of 7. We have investigated this reacuon for free and substituted 2-amino-
2-deovy-D-altrose Tc obwviate conformational mobility 1n the diazotization of the
aminopyranoside and to exert stereochemucal control on the reaction, we sterco-
specifically synthesized a 2,5-anhydro-p-alloseptanose denvative (21) from 2-araino-
1,5-anhydro-2-deoxy-3-0-p-tolylsulfonyl-g-p-altrose (19} 1n excellent yreld.

RESULTS AND DISCUSSION

2-Amino-2-deovy-D-altroses were prepared by catalytic hydrogenation of the
corresponding azides NMNlethyl 2-ando-2-deoxy-x-D-altropyranoside (5) aand its
tri-O-benzoy! (6) and 3-0-p-tolylsulfony! (17) dernvatuves were prepared from methyl
2-azido-4,6- O-benzylidene-2-deoxy-x-D-altropyranoside according to described pro-
cedures!? 1,6-Anhydro-2-azdo-2-deoy-3-0-p-tolylsulfonyl-f-pD-altropyranose (18)
was prepared from 17 by p-toluenesulfonic acid-catalyzed cyclhzation!?

The deammauon of methyl 2-amino-2-deoxy-z-D-altroside (7) with sodium
nitnte 1n acetic acid gave an intractable mixture Acetylation of the lyophilized residue
gave mined esters whuch could nmot be resolved by chromatographic techniques.
N.m r.-spectral and mucroanalytical data indicated that the methoxyl group was
essentially unchanged and that four acetyl substituents were present in the mixed
esters According to stereochemucal studies on the deamination of amunocyclo-
hexane' . two plausible mechanisms for the deamination would be: (i) intramolecular
displacement, through the 'C,(D) conformer, 1:1¢ an equatoral attack of the
diazomum 1on by the ring-o\ygen atom, 1nversion of configuration at C-2, and then
attack by solvent on the resultant, C-1 carbonium 1on, to yield nng-contracied
product 9, or (u) solvolysis, SN2 displacement (awally) by solvent (inversion)
through the *C, (D) conformer, or capture of solvent, after decomposinon of the
diazomum 10m *o the carbontum jon and nrtrogen, to afford 12 (epimenzauon). Any
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hydrolysis at the anomeric center from the former path to 1 would result in cychza-
von”® to 15, consequently, an acetal methine proton (instead of a free aldehyde
proton) would be observed tn the n m r. spectrum Only barely appreciable signals
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(around & 6), attnbutacle to the acetal’ * of either 11 or 16 (from acetvlauon of the
diazotized 7) were detected. suggesting the unfavorable, ring-contraction path

The singlet at 621 in the n mr spectrum of the precessed organic extract
from diazouzation of methyl 2-amino-3.4,6-tri- O-benzoyi-2-deoxy-x-D-altropyrano-
side (8) venfied the general participation of the solvent (acetic acid) in the reaction
A small doublet at 6 9 85. indicative of free aldehyde, and a small absorpuon around
o 6 for aceryl methyl acetal were ascribed to the ring-contracted derivanve The low
conversion 1ato 2,5-anhydro sugar from the conformationaliy mobile methyl 2-amino-
2-deo\y-x-D-altroside (7) can be atinbuted to the thermodynamically less favorable
'C,(D) conformer!®

In contrast, diazouzauon of 19, which has the 'C, conformauon fixed by the
1,6-anhydro nng' ", gave nng-contracted I-Q-acetyl-2.5-anhydro-3-O-p-tolylsuifonyl-
D-alloseptanose (21) as the only 1solable product (1n 90% yield) in hugh purity
Configurational assignment for 21 was based on n m r -spectral and opucal analyses
A dramatic change 1n the pattern of the sugar-ring protons 1n the n m r. spectra w- »
observed on passing from the pyranoid 1o the furanoid form The pair of doublets at
3 515 and 46 (collapsed from a oroad triplet by D,0), corresponding to H-3 and
H-4, are 10 an AB system indicative of their relative, symmeincal, chemical environ-
ment. The values of J; , (6 5 Hz) and J,,; or J,; 5 (~0 Hz) show vicinal coupling
(comparable to the interaction of cis-methine protons and two bridgehead protons in
norcamphorlihe. fused. five-membered nngs) consistent wath their dihedral angles'®
The nonequivaleat C-6 protons at 0 3 5 for H-6a and 4 | for H-6e show normal,
geminal coupl.dg (Jo,.0e 12 5 Hz) With a *Newman" prejection (I) similar to that
used 1o Horton and Turner's analysis of in-0O-acetyl-g-D-ribopyranosyl bromide'”,
small coupling-constants (<2 Hz) were observed, compauble with the dihedral angles
between H-5 and two H-6 (or H-2 and H-1) of a distorted, chair conformation The
overlapping of H-2 and H-5 to a single band at ¢ 4 3 15 attributable to their relatively
symmetnical environment and small coupling with all vicinal protons The shift of H-i
(indisuoct doublet) at ¢ 5 2 for 19 to é 5 75 for 21 suggested the change of the alkyl
acetal to an acetoxyl group at the anomeric center. The small coupling (J, 5 0 5 Hz).
indicatne of an almost perpendicuiar dihedral angle of H-1 and H-2, therefore
indicates that the acetoxyl group 1s disposed equatonally The reversal of s'gn of the
specific cpucal rotaucn (from — 116 3¥ to + 18 5°) suggested inversion of con-
figuration, from Hudson’s rule of 1sorotauon®® Although 21 was not obtained in
crystalline form, the crystalline 4-benzoate 23 and the (2,4-dimitrophenyl)hydrazone
(27) of 2.5-anhydro-+ O-benzoyl-3- O-p-tolylsuifonyl-p-allose were prepared from 21
In each case, the ir, n mr. optical. and microanalyucal data were consistent with
the structures proposad The cleavage of the acetyl group by muld, acid hydrolysis of
23 (10 give 24) regenerated the character of a reducing septanose, and shift or the H-1
signal from & 575 10 4.9 also venified the assignment of the acetovyl group at the
anomeric center of 21

A speculauon as to the umque, stereospecific. rearrangement reaction was the
possibility that some relatively polar. diazouized by-produci(s), such as 22, would be
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overlooked. because of aqueous washing in the isolat.or procedure To test for
ewstence of any such by-product, all products from the lycphihized residue from the
reacuon of 19 were characterized Treatment of the residue with benzoyl chlonde
afforded benzoate 23 plus diacetate 26 (in the rauo of one to tour), separable by
preparative tlc, and no dibenzoatz 25 was abserved The preponderant 26 was
unewpected, but the same results were obtaned on repetition of the expetiment The
acetylation 15 presumably due to the activation of acetate (>alt) residue 1o acetic
benzoic anhydride which, 1n turn. reacts more accessibly at the (less hindered) acetyl
molety Replacement of benzoyl chloride by acetic anhydnde in the estenfication
afforded crysialline 26 in 93% yield

A precedent for the deamination of a conformanonally locked 2-amino-2-
deoxyhexopyranose has been demonstrated by Micheel er a/ *'. who obtained only a
37"% vield of 2,6-anhydro-D-mannopyranose from 2-amino-1,6-anhydro-2-deovy-j-
p-glucopyranose by diazouzation The axial atiach of the cauomc cenier on the
nng-ovygen atom of the septanose (imtermediate II) would, conceivably, compete
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with the neighboring, electron-rich group and solvated counter-ion or solvent!!. The
change of the amino group to the equatonal disposition 1o the amino-1,6-anhydnde 19
elimnated those possible side-reactions The 1,6-anhydro ring not only locked 1t 1n
the appropriate orientation but also permutted the ring-oaygen atom to bz the unique
nucleophile accessible to the bach-side attack on the cationic center created at C-2
The inversion of configuration at the center was vnequvocally established by the
presence of tne intact 1,6-anhydro bridge after the reaction. Thus, the stereochemical
disposition of 19 confined the rearrangement mechamsm of diazotization so as to give
the 2,5-anhydro-p-alloseptanose denvative (21) stereospecifically. The stereo-
chemucal results from this investigation are in good agreement with the current
theory?® regarding the importance of conformational factors in the diazomum
intermediate, consequently determining the outcome of the reacuon
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The solvolysts of endo-bicyclo[3.2 1]octan-2-y1 (equatorial) p-toluenesulfonate? 3
1s the nearest analogy as regards structural geometry. However, the ion-patr return
phenomena, and the symmetry properties of the nonclassical, 10n intermedsate I,
result 1n racermzation and 1somenzation, which are not possible 1n the diazotization
of 19. The react:ve intermediate from 12 1s more likely to be the diazonium (rather
than the decomposed carbomium) ion Mechamstically, we could not distinguish
whether the l-acetovyl group was formed by a simulitaneous, SN2-like displacement,
or solvent capture by the new cationic center shifted to the anomeric carbon atom,
as the thermodynamically stable, equatonal, acetoxyl group resulied

Acid stability and general crystalline properues are advantages of most
sulfonate dervatives*™, however, O-detosylation with retenuon of configuration is
not always easy Prior to the removal of the sulfonic ester group on O-3, the labile,
anomeric acetal group of 21 has to be protected. In a preliminary study treatment of
23 with 1,3-propanedithiol 1n benzene ceontaining p-toluenesulfonic acid gave non-
crystaline 1,3-cuthiane 28 and its 6-O-acetyl denvative (29) in the rato of oane to
three. the latter appears to result from intramolecular migration of the acetoxyl
group from the anomeric carbon atom to C-6 Acetylation of the reaction mixture
afforded 22 as the only product Crystalline 1,3-dioxolane denvative 30 was obtained
as the only product from the acetalation of 22 with ethylene glycol. The conventional
methods of O-detosylation, by sodium amalgam, Raney mchel?3, and sodium
naphthalene?®, either failed, or no deprotected, free alcohol was detectable. Cleavage
of the O-S bond cf sulfonic ester 30 was readily achieved by photolysis at room
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23

temperature 1o methanolic sodium methowde?”. The free alcohol, 2-f-b-ribo-
furanosyl-1,3-dioxolane (31), was punfied by preparative t!c, and obtained as a
colorless syrup in good yield (70°%) The 2.3,5-tn-0O-benzoyi (32) and -benzyl (33)
derivatives were obtained as syrups trom 31 Thewr 1r, nmr, opucal, and micro-
analytical data were conzistent with those expected for f-p-rnibofuranosyl derivatives
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Regeneration of the free aldehyde from the 1,3-diovolane denivatives (32 and
33) by treatment with I to 4 M hydrocnloric acid 1n aqueous 1,4-dioxvane o1 acetone
failed, the starting material being recovered unchanged More-drastc hvdrolysis with
p-toluenesulforuc acid 1n aqueous acetic acid at elevated temperature led to 2vtensive
duvcomposttion of 32 A free aldehyde, supposedly 4, was obtained by hvdrolysis of 33,
but the n m r. and nucroanalytical data indicated that this aldehyde was partially
decomposed. The crude aldehyde reacted with (2,4-dinitrophenylhydrazine. but no
crystaline hydrazone or N,N-diphenylimidazohdine demnvauve could be obtained
The 1,3-dioxolane denvatives proved very resistant towards dcid Bydrolys s as com-
pared with diphenylimidazolidines?3

EXPERIMENT AL

General — All melung points are uncorrected Infrared spectra were recorded
with a Perhin-Elmer 237 spectrophotometer N m.r. spectra were recorded with a
Varian T-60 or A-6C spectrometer. with tetramethylstlane as the internal standard
Opucal roiations were measured with a Perkin-Elmer 141 polarmeter (l-am
microtube), and are given to the nearest degree. Flemental microanaly.es were
performed by Galbraith Laboratories, Knowville, Tenn Analytical, tlun-layer
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chromatography (t 1 ¢ ) was conducted on silica gel 254, and preparative, thick-layer
chromatograph: on lavers (2~ 200 x 260 mm) of silica gel (295 and 254) Aprouc
organuc extracts were routinely dned with anhydrous magnesium sulfate Solvents
were removed under dinunsshed pressure 1n a rotary evaporator

Metlhvl 2-azido-2-deoy-v-D-gltvopyranoside (58) — A solutton of methyl
2-azido-4,6- O-benzylidene-2-deosy-x-D-altropyranoside ' (20 g) 1n 1,4-dioxane
(300 ml) and dilute sulfuric acid (1.2%, 120 ml) was heated overmight at 55-60° with
stirmng The solution was made neutral with barium carbonate, the suspension was
filtered through a Celite pad. and the filiraie was evaporated to give a solid Recrystal
hzation from 95° ethanol. and washing with chloroform, gave 12 5 g (84%) of §
The analytical sample was recrystallized from methanol, 1o give colorless prisms,
mp 138-139° (it ** mp 140~141 ), vhE 2100 em ™' (N;)

Metln! 2-anunoe-2-deox:y-x-D-altroprranoside (7). and s deamination wih
attrous acd — The 2-azido-D-altroside (5) (1 g. 4.3 mmoles) in methanol (50 ml) was
reduced with hydrogen under atmosphernc pressure at room temperature 1n the
presence of Adams’ catalyst for 24 h Afrer removal of the caralyst and solvent, the
resultant svrup showed a single spot (with a trace of impunues) '™ 1600 cm ™!
(NH,) no absorpuon at 2100 cm ™! A hyeroscopic hvdrochloride was obiained by
passing gaseous hydrogen chloride 1into an ¢thanclic solution of the syrup, and
washing the product with ether

Sod:wum nurnite (05 ¢ 7 2 mmoles) 1a water {2 5 mi) was added dropwise to a
solution ot the 2-aminoaliroside hydrochlonde (0 5 g 2 | mmoles) in aqueous acetic
acid (50%0, 30 ml). The soluuon was stirred under nitrogen and kept below 3 1n an
ice-bath until all gas evolution ceased (over 3 h) The misture was then stirred for | h
at room temperature, purged with mtrogen for 30 min and evaporated 1o dryness
The residue was co-distilled with toluene to remove moisture, and acetylated with
acetic anhydnde (5 ml) in dry pyndine (20 ml) overmught at room temperature The
minture was poured nto ce-water, and exiracted with chloroform The extract was
succassively wastied wiath dat hydrochlonc acid, water. saturated soaium hydrogen-
carponate solution, and water, dried, and evaporated to a syrup that showed a major
spot, with tailtng, in t 1 ¢ The major component was 1solated by preparanve tlc . its
n mr spectrum indicated that it was a mixture of acetates (presumably. 11 and 14).
with acetyl (¢ 2 1) and methoxvi (o 3 5) protons 1n the ratio of 4 1o |

Anal Cale for C\,H,,0,, (both 11 and 14) C, 4972, H, 6 08. OCH,, 8 36
Found C. 4989. H, 6 12, OCH,, 909,

Methyl 2-anuno-3,4 6-1ri-O-benzor I-2-deox\ ~x-5-altropvranoside (8) — To an
ice-cooled, surred solution of the 2-azido-p-aliroside 5 (1 g, 4 5 mmoles) 1n dry
pyndine (20 ml) was added benzoyl chloride (2 5 ml, 19 mmoles), and the mixture
was hept overnught at room temperature The minture was then poured nto ice-water.
and processed as in the foregoing acetylation The benzoate 6 was obtained as a thick
o1l {24 ¢g, 98%0) which showed only one component 1o tlc, 1253 2100 (N,) and
1720cm ™! (benzoate), nmr (CDCl,) 6335 (s, 3, OCH,;), 41 (q, I, J, ; 3 Hz,
J1.2 5 Hz, H-2),485(d. 1. H-1),and 7 2-8 2 (m, 15. Ar H).
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Anal Calc for C,4H,.,N;0, C, 6327, H, 474, N, 791 Found C. 63 i4,
H, 481; N. 771

The aznide 6 (2 4 g. 4 5 mmoies) was reduced to amine 8 as describea for 7 The
crude amine hydrochlonide was rec-ystallized from chioroform-ether to give a white,
non-bygroscopic crystalline product (1 66 g. 70°0) m p 205 (dec ) 1ABF 3000- 2500
(bryand 1610cm™ ' (NH;),nmr (CDCly) 0 34(d 1, H-1)and 9 3 (br s, collapsed
with D.O, NHy)

Anal Cale for C-.H.,CINO; C, 6205, H, 517, CI, 654, N, 259 Found
C.6188. H, 506, Ci. 664, N, 251

Reaction of 8 with mtrous acid — The anine hvdrocnlonde 8 was deaminated
with sodium nitrite as described for 7 The reacuion mixture was lyophihzed, and the
restdue  partittoned between chloroform and water The organic extracts were
combined, washed. and processed, to give a syrup which was found by tlc¢ to be a
minture Its nmr spectrum {CDCl,) showed a minor, aldehydic proton at ¢ 9 83

16-Anhvdro-2-azido-2-devy -3-O-p-rohy Isultonvi-f-v-altropvianvse (18) —
Methyl 2-azido-2-deovy-3-O-p-toly uifonyl- «-p-altropyraneside ' ¥ (1 5 g. 4 mmales)
was surred 1n benzepe (150 ml) contanung p-toluenesulfonic acid dihvdrate (1 5 a,
6 9 mmoles) The muxture was then botled for 3 b under reflun (Dean-Stark trap)
and cooled, 1ce-water was added, and the organic layer was successively washed with
aqueous sodium hydrogencarbonate and water, drned and evaporated to syrup which
crystallized overnight Recrystallizauon from benzene-hevane afforded 18 as prisms
(11, 81°). mp 8I-82 (it "*mp §6-£77)

2-Anuno-1,6-aniy dro-2-deo xy-3-0O-p-toh Isulfony I-B-p-altrop vranose (19) — The
[,6-anhyvdro-2-azido sugar (18) (3 41 g, | mmole) in ethyl acetate (100 nl) was reduced
with hydrogen at aimospheric pressure with 5% Pd,C (I 5 2) as the catalyst The
hydrogenation was conducted for over 24 h, until no azide absorption at 2100 cm ™'
was observed in the 1 r spectrum of an aliquot of the reacuon mixture All the solids
were collected by filtration, and hot methanol was used 1 dissolving the amine The
catalyst restdue was repeatediy washed with hot methanol Cotton-like crystals were
obtained on evaporation of the solvent. these were washed with ether, to give pure 19
(27g, 84%), m.p 162-163 . [«]5  — 1163 (¢ 1~ methanol). vh5 3500, 3400, 1580
(NH,), 3300 (br. OH), 1360, and 1200cm ™! (sulfonyl} nmr (Me.SO-d,)) 029
(. 1, J, » 1 SHz and J, 3 9 5 Hz, H-2). 36 (d. 2. exo- and endo-H-0). 37 (m. 1,
H-4),41(q.1.J, ; +Hz, H-3) 445(q. . H-5),and 5 2(d, |, H-1), free amino protons
were not resolved in the specrrum. and were probably hidden by other protons, three
ammomium protons were observed (at 48 8) 1n the n mr spectrum of the hydro-
chloride formed by addition of hydrogen chloride

4nal Cale for C ;HsNOS C. 4951 H., 54 N, 444, S, 1017 Found
C. 4921, H, 520, N, 4.19., 5. 995

[-O-Aceryi-2 5-anhy dro-3-O-p-tolr Isulfony I-D-alloseptanose (21) — The amino
sugar 19 (90 g. 29 mmoles) was treated with sodium ounte (4 5 g. 65 mmoles) as
already descnibed The solvent was removed by lyophihization, the residue was
dissolved 1in chloroform (200 ml), and the solution was successively washad with



226 C -D. CHANG, T. L. HULLAR

aqueous sodium hydrogencarbonate (20 ml) and water (20 ml), dried, and evaporated
to a colorless o1l (9 2 g, 9095) T.lc. showed that this product was essentally pure,
only a trace of impurities betng detected (at the origin) The crude product was pure
enough for the neut steps without further punification. The analytical sample was
orepared by preparative tlc ; [2]27 +18 5" (¢ 10, chloroform); ]2 3500 (broad,
OH), 1740 (acetyl), 1360, and 1180 cm ™! (sulfonyl). nmr (CDCl;)r 6215 (s, 3,
acetyl), 32 (br d, 1, collapsed with D.O, J; o 6 Hz, OH-4), 35 (d. 1. J 0, 12 Hz,
H-6a),4 1 (dd, 1, /12 Hzand J,, ; 1.8 Hz, H-6¢), 4.3 (s, 2. H-2 5), 4.6 (t, collapsed to
d with D,O, I, J6 Hz and J; , 6 5 Hz, H-4), 515 (d, 1, H-3), and 5.7 (incomp. d, 1,
Jy.» 0.5 Hz, H-1)

A4nal Calc for C;;:H,s0,S C. 5027; H, 506, S, §94 Found C, 49.91;
H, 5.08. S, 8.58.

1-O-AcetyI-2.5-anhy dro~4-O-benzoyl-3-O-p-talylsulfony I-p-allosepranoze (23) —
The 1,6-anhydro-p-allose 19 (I 5 g, 4.2 mmoles) was benzoylated with benzoyl
chlonde (3 ml, 2t mmoles) 12 dry pyndine, and processed as described for the other
acetyviattons and benzovlations, to furmsh a light-yellow oil. T l.c showed the product
to be a single compornent; 1t crystallized afier a few days at room temperature.
Recnystaibzation from ethanol gave white crystals (1 7g, &7%:), m p. 155-136°,
[2]37 +85° (¢ 1.0. chloroform); K% 1740 (acetyl), 1720 (benzoyl), 1360, and
1180 cm ™! (sulfonyl). n.mr. (CDCly) 653(d. 1, Jy 4 63 Hz. H-3), 56 (d, 1. H-4),
576 (s, 1. H-1), and 7 0-8 0 (im, 4 Ar H for tosyi, and 5 for benzoyl).

Anal. Calc for C,,H,,04S,C, 57.13,H,4 30, S,6 96. Found C, 56 96. H, 4 83;
S, 6 80.

Very slow reaction of 23 with Fehling solution was cbserned, 1r comparison
with the fast reartion of deacetylated 24 (from m:ld. acid hydrolysis of 23)

devlation of the reaction nuniture from diazotized 19. — A. Bencoylauon.
Compound 19 (1 g, 3 2 mmocles) was deamunated as described for 21 Afier removal of
solvent by lyophibzauon and co-disullation with toluene, the resuliant semi-sohd
was suspended 1o ice-cooled, dry pyridine (20 ml), and benzoyl chlonde (2 ml, 15 ml)
was slowly added dropwise The mixture was stirred overmight at room temperature.
and then processed as beiore, giving a syrup ihat contained (wo components (i | c.).
The components were separated by preparative tlc. and characterized as the
benzoate 23 (0.25 g, 17%) and acetate 26 (0.9 g, 69%0)

B Acetviation [,4-Di-O-acetyl-2,5-anl dro-2-O-p-tolyisulfom I-p-alloseptanose
(26) — The residue from the diazouzation of 19 (300 mg, 1.6 mmoles) was dried as
previously described, and acetic anhydride (I ml. 10 mmoles) was added to a
suspension of the product in pyridine. The muature was stirred overnight at room
temperature. and processed as before The chloroform extract contained only one
component(t ¢ ) Crystalizauon of the syrup was achieved from benzene-hexane, with
scratching or nucleating, to gnve white, crystalhine 26 (600 mg, 93%.). mp 124125,
[%]5° +845° (¢ 10, chloroform), 128 1740 cm ™! (acetyl): nmr (CDCly) 621
(s. 3. acetyl), 22 (s, 3, acetyh), 323 (d. }, J3 ., 6 5Hz, H-3),555(d, 1, J 6 5 Hz, H-}),
and 38 (s, I, H-1).
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Anal. Calc. for C;;H,004S C, 5100, H., 505, S, 801 Found: C, 51.13;
H, 493: S, 811

2.5-Anhiydro-4-0O-benzovl-3-O-p-toh Innljfon I-p-alloseptanose  (24). — Com-
pound 23 (1 5 g, 3 2 mmoles) was hydrolyzed with dilute sulfuric acid as described for
the preparation of 8. After filtrauon of banum sulfate, the filtrate was evaporated 1o
a syrup which was parunoned between chloroform and water Evaporation of the
chloroform extract gave amorphous material (I 2 g, 83°») v 3500 (br OH) and
1720 cm ™~ ! (benzoyl), n mr (CDCly) 63 75(d, 1. J, 12 Hz, H-6a), 4.35 {5, 2, H-2.5),
41(dd, !, J 12 Hz and 1 5 Hz, H-6¢), 49 (incomp d. I, J,; » 03 Hz, H-1), 535 (d,
t.J65Hz H-3),and 565¢d, |, J§ 35 Hz, H-9)

A solution of crude 2.5-anhydro-D-allose 24 (100 mg) 1in diglvme (0 5 ml) was
mised with (2,4-diutrophenyi)hydrazine (5%0 in diglyme, 5 ml) and heated on a hot-
water bath After being surred for 10 min, the soluuion was diluted with water, to
precipitate a brown oil which crystalhzed on rubbing The crude, brown sohd was
recrystallized from diglvme-50Yo ethanol. to give yellow hydrazonme 27 (130 mg),
m.p 134-135% [x]37 —77 (c | 0, chloroform). 155 3500 (br, OH), 3200 (sharp, NH),
1710 (benzoy!), 1580 (C=MN), 1300, and 1300cm~™"' (NO.) mmr (Me,SO-d,)
053537 (m, 3, H-5 and two H-6), 435 (imaistinct d, 1, H-D. 47 (1, 1, H-2), 505
(br t, 1, OH. collapsed with D.O). 5 2-5.6 (m, 2, unresolved H-3.4). 70-90 (m, 4
Ar H for tosyl. 5 for benzoy |, and 3 for diniirophenyl), and 11 2 (s, 1. collapsed with
D,O, NH)

Anal Cale for C,,H,,0,,S C, 5200, H, 402, N, 933, S, 3234, Found
C, 51.75, H, 3.82; N, 9.59: §, 560

1,3-Dutkiane dernvatiees (28 and 29). — A solution of the 2 3-anhydro-p-allose
23 (500 mg, | | mmoles), 1,3-propanedithiol (2 mi, 2 nimoles), and p-toluenesulfonic
acid, dihydrate (100 mg, 0 45 mmole) 1n dry benzene (50 ml) was boiled for § h under
reflun (Dean-Starkh trap) After arctropic dsstllation, the soluuion was cooled.
successively washcd with water (1wice), 10%0 sodium hydreude, and water, dnied, and
evaporated to a yellowish oil which showed two spot> in t f ¢ A portion (206 mg) of
the syrup was fract'onated by preparatne tlc to afford two components (28 and 29)

2-(3-O-Benzuyl-2-O-p-to!visuifonyl-p-o-1 tbofur anosyl )-1 3-dithiane (28) — This
compound had the lower mobility 1n tic . yield 75 mg (23%), [a]5” —90° (¢ 0.9,
chloroform); v 3300 (OH), 1720 (benzoyl), 1370, and [180 cm ™! (sulfonyD:; n m r.
tCDCl;) 620 (m, 2, CH,), 28-30 (m, 3. S-CH,), 3.85 (m, 2, H-5), 415 (d, 1,
J 5 Hz, thioacetal H), 4 25 (m. 1, H-1), 45 (t, 1, H-1), and 5 2-5 25 (m. 2, H-2 3)

Anal Calc for C,3H,,0,S; C, 5409. H. 513, S, 1884 Found C, 53 84;
H. 5.20, S. 18.58.

2-(5-0- dcety I-3-O-benzoyi-2-O-p-iol suifonvi-p-v-ribvfin anosy -1, 3-difuane
129) — This compound was obtamed m a yield of 210 mg (60%s). [x]57 — 133~
{c 10, chloroform), v2:2' 1740 and 1720 em ™' (acetyl and benzoyl) n m r. (CDCl,)
020 (m, 2, CH,.) 21 (s, 3, acetyl), 2.7-30 (m. 4. S-CH,), 40 (d [, /4 Haz. thio-
acetal H). 4 4 (m, 3 unresolved H-4 and H-3). 46 (t, I, H-1), and 5 3 {m, 2, H-2,3)
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dnal Calc for C,5H.40.S; C, 5433 H. 510. 5, 1740 Found. C, 53 98.
H, 310,S5,17 28

2-(2-O-p-Toly Isulfon I-8-D-ribofuranosyl)-1,3-dioxolane (30) — A solution of
the crude 2,5-anhydro-p-allose 21 (I g, 2 8 mmoles) was hydrolyzed (as described 1n
the preparation of 24) 1o crude 22 The h=miacetal 22 was unstable at room temper-
ature and so it was prepared fresh before acetalauon with ethylene glycol (10 mi) in
drv benzene (80 ml) contaiming p-toluenesulfonic acid (100 mg) as the catalyst The
azeotropic disullauon was conducted for over 4 h (unul no more water couid be
disulled) The solutton was cooled, and estracled with chloroform, and the extract
was successively washed with 20-mi poruons of water. aqueous sodium hydrogen-
carbonute. and water, dried. and evaporated to a crystalline mass Recrystalhization
from benzene gave colorless needles (600 mg, 52°0). mp 115-116°, [x]5" —22 3"
tc 1 0. chloroform). vK3r 3500 and 3400 cm ™' (OH). n m r. (CDCl;3)- 6 25 (s, 3. Me
of tosyl), 26-30 (br m. 2. OH). 38 (m. 2, H-5), 39 (s, 4, ethylene)y 4044 (m. 2.
unresolved H-1.3), 4 8350 (m, 2, supenimposed thioacetal H and H-2), and 7.3-8.0
(q.4 tosyl Ar H)

4ual Calc for C,:H.,0,S C. 4999 H, 559. S. 890 Found C, 4976
H 549.5,863

Photolvtic O-detosilation of 39 10 2-B-D-ribafuranosyi-1.3-dioxolane (31y — A
methanohic solution (400 ml) of 30 (2 2. 5 5 mmoles) contamming sodium methoxide
(360 mz, 6 7 mmoles) was purged with argon for 3 min, and then wrradiated with a
100-W. medium-pressure, mercury lamp in a water-cooled, quariz itmmersion-well
(ACE Glasswaie) for 3 h at 30-35 whitle being flushed with a gentle, conunuous
bubbling of argon Afier irradiation, the soluticn was hght-yellow and contamed a
white precipitate. thus was removed by filtration, the filtrate was mixed with absolute
ethanol (100 ml), the minture was filterad 1o remove more nsoluble material, and the
solid was washed with ethanol (25 ml) The filtrate and washing were combined,
evaporated 1o dryness, and the residue triturated with benzene The benzene was
decanted, and the residual syrup was redissolved 1n the mirumal volume of ethanol and
chromatographed on preparatve-tlc plates which were developed with 411
l-butanol-methanol-water for 8§ h The plates were dried 1n air and 30 and the
detosylated compound 30 (31) were located under short-wavelength, uv hght.
R 08 for 30 (dark blue) and 0 6 for 31 (faint green) Compound 31 was eluted with
methanol. to give a hght-yellow syrup (0.8 g, 70%), {213 +2.5° (¢ I O, methanol)
vEet 3400cm ™' nmr (Me,SO-dg) 63 0-10 (m, unresolved sugar-ring protons
and free hydrosyls). 4 0 (s. 4, ethylene). and 4 85 (d. 1, J 3 5 Hz, acetal H)

Anal Calc for C,H,,0, C, 4660, H, 6 84 Found- C, 46.63, H. 6 87

2-(2,3,5-Tri-O-benzo I-B-D-ribofuranosy {)-1,3-diovolane (32) — Benzoylauon
of 31 was conducted as descnibed for 6, to give 32 as a colorless cil (almost quant-
tatrvely), [2]37 +359° (¢ 1 O chloroform), v253' 1720, 1600, and 1450 cm ~ ! (benzoyl).
nmr (CDCl,;) 8 3840 (m, 4, echylene), 4548 (m, 4, H-1,4,5). 52(d, 1. J2 5 Hz,
acetal H), 57-6 0(m, 2, H-2.3),and 7 2-8 2 (m. 15, Ar H)

Anal Calc for C,3H,¢0, C, 6717, H,505. Found C. 67 18, H. 5 14
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2-(2,3,5-Tri-O-bencvil-B-p-ribofuranosvl)-1,3-diovolane (33) — Sodium
hydride (200 mg. in o1l dispersion. washed with ether before use) was added to a
solution of 31 (300 mg, | 45 mmoles) 1in dry N, N-dimethylformude (10 ml), the
suspension ¥as surred at room temperature for 30 min, cooled to 5”1 an ce-bath,
and x-bromotoluene (benzyl bromide) (1 ml, 6 mmoles) was added The mivture was
stirred for two days: then, methanol (2 ml) was added to decompose the evcess of
penzyl bromide, and the soluton was evaporated to dryness The residue was
estracted with chloroform, and the eatract was washed with water, dried. and
evaporated Traces of solvent were removed under high vacuum, to afford an oil
which was chromatographed on preparative-t I ¢ plates, 1o give 33 (0 54 g, 77%):
[«]5 +38 5% (¢ 1.0, chloroform), 122 1600 (weak), 1495, and 1450 cm ™' (benzyl
ether) nmr (CDCl;) ¢ 36 (incomp d, 2. H-5). 385 (s, 4, ethylene). 40 (m, 2.
H-1,4), 425 (m, 2, H-2,3) 46 (d. 6. benzylic CH.) 495 (d, I, J 3 5 Hz, acetal H),
and 735 (s, 15, Ar H)

4nal Calc for C,3H;,0, C,7309, H, 677 Found C, 7329, H, 590

dttempred regencration of free aldetyy de by acid ndrolysis — Treatment of 32
and 33 with | to 46 hydrochloric acid 1n aqueous 1.3-diovane or acetone gave
recovery of unchanged starting-materials only. A stirred solution of 33 (I <5g,
3mmoles) mn I 1 acetic acid-water (30 ml) contawning p-toluenesulfonic acid
dihydrate (300 mg. | 45 mmoles) was gently keated just below the boiling point for
over 5h (unul t 1 ¢ showed that most of the 33 had disappeared) The solution was
evaporated io dryness, and the residue was extracted with benzene The eatract was
successively washed wath aqueous sodium hydrogencarbonate and water, and
evaporated to a syrup The main component was 1solated by preparativetic . viry
1740 cm™ ! (carbonyl). n m r (CDCIl;) 698 (tncomp d, J | 5 Hz, aldehydic proton)
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