
C-GLYCOSYL COhlPOUNDS STEREOSPECIFLC SYNTHESIS OF 
2,5-ANHYDRO-D-ALLOSE DERIVATIVES I ICI DIAZOTIZATION 

X srereo>pecilic sj nrhebls of substituted denvaU\es of 2,5-anhydro-o allose L ra 

conformanonal control and dwouzatton IS de>cnbed Dlazoozatlon of the con- 

formarlonally mobrle merhyi 2-amino-3-deo-iy-z-D-nltropyranoside (7) and its 

3.4 6-tn-U-benzogl denvatlve (8) led LO a srlccr~~rl~ tisfalored. nng-coutracnon 

reactJon. but, for the conformauoaally rqrd 2-amino-I 6-anhydro-~aeo~y-3-O-p- 
rolylsulfonyl-8-D-altrop~ranojt: (19). the rexrangement was unequl\ocslly channailed 

~ter9ospectfically. and almob,t quantltnt\el> IO a 2.5-anllydro-3-alloseptanose 

derlvattve (21) ConformatIonal asclgnments and rP;lrrangemeni mechanrstr . a:(: 

dlscubsed O-Detosqlarlon \\a5 xhlebed bq photolysls The I&droxolane denvatllc 
used for the protectron oi rhe anomenc center ~3s found very re<lStanf totbard ac,d 

hydrolysis. and dlsadbanrageous In the legeneratlon of the free aldetqde group 

The rrls~stzmce of C-nucleosldes towardS enzymlc cleavsse’, prewmably due 
to the _gcarer stabtlrry of the C-gi>co~yl bond compared ~~rh rhe usual 1V-glycosyl 
bond, has made C-nucleosides Intcrestlng targets for chemical synrhes~s In rhe past 

few \ears, several routes ha\in_e a potennnl for the elaborritlon of syntheses of C- 
nuclcosldes na\e been reported Z-b 2105.t of these syntheses ~nvolvcd intermolecular 

dlsplacemeot or addruon a[ the anomenc center As In many asymmetnc syilthcses. 
wch condensations present the stereochemical problem of anomenc 3~slgunent’. 
On the other hand. synthesrs of C-plycosyl compounds from non-sugar precursors IS 
handicapped by racemlc Iniermedlates’BO 

7,5-Anhydro >uear denvan\cs are of pnme Importance for the synthesis of c 
C-nuclcosldes. ejpeclally when their mod * of sqnihe>Is g7ves surrable conrrol of the 
stereochemistry An Ingenious symhesrs of a C-nucleo~Ide, \slrh stcreochemrcal 
control of a 2 S-anhydro sugar Intermediate. has been achwed by zn lntramolecuiar 
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displscemcnt of a sulfonic ester group”. Deammatlon of certam 2-armno-2-deoxy- 
aldohexoses \+lrh mcrous acid conjtltutCs the oldest route to Lkmhqdro sugars’, and 
rhe chem1sh-y nf the dcam~nat~oo has been extensl\ely scudled”.“. The rearrange- 
ment of carbomum 10~5 formed through a dlazoruum interrncdlatz 15 a complex 
process, and certtin steps are still lmperfscily understood Ir IP well Lnortn that a 
group, or atom, lrrnls and anbparallel to the ammo group rcaally attacks the cat.~omc 
center hy an “SNZ-hhe”, intramolecular drsplacement Only recently has dmzotlzatlon 
been employed In the syt~tbes~s of C-nucleosldes’” The drawbacks of thus mild 
reactlon for general usz in the s>mthesis of 2,kmhbdro sugars are the occurrence of 
side rcactlons leadmg to low blelds, and ambrgulty as to the stereochemlsLry of the 
produck 

Initially, we sought to synthesize 2,%.nhydro-D&lose (I) from the reaction of 
methyl 2-armno-2-deoxy-r-D-alrrop~~nosldz (7) wth mtrou~ acid. reasorung that 
the deammanon mcchamsm would lend to nng contrac’ilon of the ~C,(D) conformer 
and coti~~rat~onai in\erslon at C-_ 9 Honever, the results rncbcated tbar the desired 
rearrangement IS only a minor process, and that the major pathway m\olves the other 
conformer of 7. U’e have Investigated th12 reactIon for free and substituted 2-amino- 
Z-deoxy-D-altrobe Tc obwate conformatlonal moblhty rn the dlazobzahon of the 
aminopqrar.oslde and to exert stereochermcaI control on the reaction, we stereo- 

spcc~caily syntheked a 2,S-anhydro-D-aIloscptanose denvatwe (21) from Z&ammo- 
1,5-anhydro-2-deou~-3-U-p-tolylsuIfonyl-~-~~trose (29? m excellent jleld. 

RESULTS AND DISCL~SSION 

2-.~no-3-deo~~-D-altroses were prepared by catalytic hydrogcnatron of the 
corrcspondlng andes hlethyl 2-~ido-2-deouy-r-D-aItropyranosldz (5) and 11s 
tri-O-benzoql (6) and 3-O-p-tolylsulfony! (17) den\atlves were prepared from methyl 
2-audo-~,6-O-be~bdene-2-deo~q-r-D-altropyranojlde according to described pro- 
cedures13 1,6-~hydro-2-ando-2-deo~y-3-O-p-tolylsuUbnyl-B_D-aiuopyranose (IS) 
was prepared from 17 by p-toluenesulfomc acid-cstalyzed cychzation” 

The deam~oatlon of methyl 2-~no-2-deo~!.-r-o-:!lrroslde (7) l wth sodium 
nitnte III acetic acrd gave an rntsnctable mixture Acelylallon of the lyophihzed residue 
gaw rmxed esters which could not be rssolbed by chromatograpkc techmques. 
N.m r.-sprxtral and rmcroanaIytlcal dam lndlcated that the merhoxyl group nas 
essentially unchanged and that four acetyl substituents were present m the mlxed 
esters According to sterzochermcal studies on the desmmatlon of ammoryclo- 
hevane ’ ‘. two plausible mechamsms for the desmmahon \+ouId be: (i) intramolecular 
displacement, through the ‘CA(~) conformer, 1 IQ an equatonal attack of the 
dmzomum Ion by the ring-oxygen atom, rnverAon of cotigurailon at C-3, and then 
atrsck by solvent on the resultant, C-l carbomum Ion, to yield nng-contracted 
product 9, or (II) solvoiys~s, Srur2 displacement (at.mIly) by solbent (rnvcrsron) 
throu,oh tbz ‘C,(D) conformer, or capture of solwnr, after decomposlnon of the 
dmzomum 1011 +J the carboruum ion and mtrogen, IO tiord 12 (epimenzauon). Any 
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hydrolysis at the anomenc center from the former path to 1 would result m cycl~za- 
uon’ to 15, consequentij. an clcetal mettxne proton (rnbtcad of a free aldehyde 

proton) would be obsened III the n m r. spectrum Only barely appreaable s~pnals 

1 R = i-4 

2 R = 62 

3 R = AC 

4 R = Ch_Fn 

SR= h 
6R= B2 

‘c. 

9R= l-4 

10 R = BZ 
lli? = AC 

/ 
7R = l-l 

8 $ = 82 

12 R = n 

13 R = Bz 

14 R = JC 

RO OR 

15P= l-4 

16fi= A? 
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(around & 6), attnbutacle IO the acetal’ ’ of erlher II or 16 (from acetylauon of the 

dlazotucd 7) \tere detected. suggesting the unf3vorable, ring-conuactlon path 

The stnglet at 6 2 I In the n m r spectrum of the prccewd orgamc extract 
from dlazotlz3tlon of methyl 2-3mlno-3.1,6-tn-O-be~oyi-2-deouy-r-D-sltropyra~lo- 

side (8) Lenlied the general participation of the solLent (aceuc acid) In the reactlon 

.A bmal! doublet 31 & 9 S5. Indlcatibe of free aidehyde. and a small absorption around 

d 6 for ace@ methyl xeral \bere ascnbed IO the ring-conrracred denvauve The low 
sonierslon Into 2,5-anhydro sugar from the conformatlonally moblle methyl &ammo- 

2-deoty-r-D-altrosrde (7) can b c nttnbuted to :he thermodynamrcally less favorable 

’ C,(D) corJo:mer ’ b 

IP contrast, dlazouznuon of 19, which has the ‘C, conformation fixed by the 

I ,6-anhydro nng ’ -. _eavc ring-contracted I-O-acetyl-L.S-anhydro-3-O-p-tolylsulfonvl- 
o-alloseptanosz (21) as the onl~ Isolable product (rn 90% jleld) In hrgh pur;t> 

Cotiguratlonal a~srgnmeot for 21 was bssed on n m r-spectral and optical analyses 

A dramattc char,gc tn rhe pattern of the sugar-nnp protons IV the n nl r. specxra u - , 
obscmed on passing fram the pyranold to the furanold form The pair of doublets at 

j 5 15 and 16 (collapsed from 3 oroad trlplet by D,O), correapondrng to H-3 and 

h-4, are In 5n AB system lndlcabve or their relative. symmetrical,, chertxal environ- 

ment. The lalucs of JJ,, (6 5 Hz) and JZ,3 or J4 5 (-0 Hz) jhol\ \Jclnal couphng 

(comparable to the tnteractton of c/s-mrthlnc protons and two bridgehead protons In 

nnrcarrghorlrhe. fused. file-membered rings)) consistent 3-1tb their dthed,r3l sngles” 

? he nortcqutvelent C-6 protons at J 3 5 for H&t and 4 I for H-6e show normal. 

gctmnal coupl,ng (J,,.,, 12 5 Hz) With 3 “Newman” prcJectlon (I) blrnllar to that 

u>ed in Honon and Turner’s analyjrs of tn-O-acetyl-P-D-nbopyranosq’l bromtde’“. 

small coupling-constants (c2 Hz) were observed, compatible WILL the drhedral angles 

between H-5 and two H-6 (or H-2 and H-l) of 3 dtstortcd. charr confotmsuon The 

overlapping of H-2 and H-5 to a single band at Li 4 3 I> attnbutable to their relatively 

symmetrical enklronment and small couplmg Hlth all vlclnal protons The shft of H-i 

(rndrstlnct doublet) at 6 5 2 for i9 to G 5 75 for 21 suggested the change of the akyl 

acetai to an acetoxyl group at the anomertc center. The jtnall couplrng (J, 2 0 5 Hz). 

Indlcatrie of an almost perpendicuiar dihedral angle of H-l and H-3, therefore 

Indic3tes that the acetouql group 1s disposed equatonsll!, The reicrsal of sign of the 

specdic optical rotauon (from - 116 3” to + IS S’) Suggested Inversion of con- 

fi,guratJon, from Hudson’s rule of Ihorotauon”’ Although 2i ivas not obtaned In 

cryAalhae form, the c~stalhne 4benzoate 23 and the (Q-dinJtrophenyl)hydrazone 

(2?) of 2.5-anhydro4-O-benzoyl-3-O-p-tolylsulfon~I-~-allo~e were prepared from 21 

In each case, the I r , n m r . optical. and mlcroandlqucal data Here consistent wrth 

the structures proposed Tbc clsavage of the acetyl group by rmld, actd hydrolybrs of 

23 (to give 24) resnerated the character of a rrduclng septnnose, and shift oi the H-l 

s1px13l from 5 5 75 IO 4.9 31~0 \enfkd the assgnmsnt of the aceto\yl group at the 

anomenc ctxxcr of 21 

:I specularton as to thz unique, stercospectftc. rearrangement re;lstlon was the 

posslblllty that some relatllely polar. dlazotrzrd by-product(s), such a5 22, would be 
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overlooked, kcausct of aqueous r\a\kn, 0 III the ~solaLor nrocedure To teat for 
ewlence of a;ly such hy-product, ail products from the lycphlhzed residue from Ihe 

rtxtlon of 19 were characterrzed Treatment of rhe resrdue Nrth benzoyl chlonde 

afforded henzoate 23 plus dlacetate 26 (tn the rarro of one to tour), separable bl 
preparr?U\e i I c, and no dlbenzoste 25 V.M observed The prepondelrant 26 was 

uoeqwcted, but the same results \+ere obtalncd on repetttlon of the eupellmenr The 
acelylation IS presumably due to the acuvatron of acetaie (salt) rehrdue t3 acetic 
benzolc anhydrlde whxh, rn turn. reacts more accesjlbly at the (lest hIndered) sceryl 
moiety Replacement of bcnzoyl chlonde by RC~LIC anhydnde In the estentication 
afforded cryjrallme 26 rn 93% yield 

4 precedent for tie deamlnatlon of a conformarlonallj locked 2-ammo-2- 
deouyhexopyranose has been demonstrated by Mlchetl PI ul ‘I. who obtar?ed only a 
37” in yield of 2,~anhydro-D-mannopyranose from Z-ammo-I ,G-anhydro-2-deoky-/?- 
o-glucopyrr+noje by dlwotlzauon The axial atlach of the ca:JonJc center on the 

ring-oxygen atom of rhe sepranose (Inw-medmte II) kiould, concewably, compek 
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wth the neighboring, electron-rich _group and solvated counter-ion or solvent I ‘. The 
change oftbe nnuno group to the equaronal disposrkon I~I the amino-i ,6-anhydnde 19 
elimmated those possible stdc-reactlons The !,6-anhydro ring not only locked I[ In 

the appropriate onentabon but also perrmtted the nag-oxygen atom to be the umque 
uucleophlle accemble to the bath-sldz artack on the caboruc center created at C-2 

The inversion of configuratIon at the center MS cnequrvocally estabbshed by the 
presenrx of tae intact 1 &a.nhydro bridge afrer the reaction. Thus. the stereochcrmcal 
dlspositlon of 19 confined the rearrangement mechamsm of dlazottzallon so as to gve 
the 2,S-anh’dro-r,-nlloseptanojc denvawe (21) stereospsclficnlly. The stereo- 

chemrcal results from thus tn\cstlgahon are in good agreement wth the current 
rbeorlr” regarding the rmportnoce of ConformatIonal factors In the dlazomum 
mtermedlatc, consequently determiming the outcome of the reacuon 

n m 

The solvolysts of sndo-blc>clo[3.2 I]octan -3-11 (equatorial)ptoluenesulfonate23 

IS the nearest analogy as regards structural geometry. However, the ion-paw return 
phenomena, and the symmetry properaes of the nonclasslcaJ, IOU mtermedmte El, 
result rn racemlzntion and lsomenzstlon, which are not possible in !he dlazotizauon 
of 19. The react:\e rntermedlate from 19 15 more hbcly to be the d!azonium (rather 

than the decomposed carbomum) ion ~fechamstically. ire could not distm_gu~sh 

fibether the I-acero\Jl poup cx formed by a slmulraneous, SGhke drsplacement, 
or solvent capture by the Ned catromc center shifted to the onomenc carbon atom, 
as the thermod~mamxally stable, equatorial, acetoxyl -group resulted 

Ac~d stsbLhcy and gencrai crystallue properues are advantages of most 
suifonate der1ka11\es2’. howher, %detosylstion w-~tb reteouon of cotigurahon is 
not always easy Pnor to the removal of the sulfonic ester group on O-3, the lablIe, 
anomenc acetal group of 21 has to be protected. In a prebmrnary study treatmenr of 
23 wtb 1,3-propanedltiol in benzene contruning p-toluenesulfomc acid .ga\e non- 
crystallIne 3,3-dtthiane 28 and rts 6-U-scetyl drnvstwe (29) rn the rabo of one to 
three. the latter appears to result from Intramolecular mi_gratioo of the acetoxyl 

group from the anomeric carbon atom to C-6 Acetylation of the reaction mivture 
afforded 23 as the only product Crystallme 1,3-&oxolane dcnvatiie 30 was obtamed 
as the only product from the aceralatlon oF22 wth ethylene glycol. The conventional 
methods of O-deto>ylstion. by sodium amalgam, Raney mcbel”, and sodium 

naphthalcne”“, either Fatled, or no deprotected, free alcohol was detectable. Cleavage 
of the O-S bond cf sulforuc ester 30 was readily achieved by photolysls at room 
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23R= r 

29 El = _ 

temperature II-I methanollc sodrum methoxlde’7. Tbc free alcohol, 2-/I-o-nbo- 
furraaosyl-l,3-drouolane (31), was punfied by preparatlte t ! c, and obtancd as a 
color!ess syrup In good y:leld (70”;) The 2.?,3-tn-O-benzoyi (32) and -benzyl (33) 
derrs’otl\e> were obtamed as syrups from 31 Their I r , n m r , optical, and mxro- 
analyhcal data B?rz con;rstent H’I~II those ckpccted for P-D-nboiuranosyl den\arl\es 

30 31 G = h 

32 C = 2: 

338 = if-l Fr 

Regeneration of the free aldehyde from the I,%dlo\olsne denvati\es (32 and 
33) by treatment with I to 4 hf hydrocnlwc acid In aqueous 1,441o’rane 01 acetone 
fouled, rhc s:artiog msrerial bein 2 reco\srcd unchanpxi hfore-drasuc hydrol>>~s u~lh 

p-toiucnewlforuc acrd In aqueous acetlc acrd at elevated temprraturz led to z\kxslic 
drcomposltion of32 A free aidehIde. suppo>cdly 4. was obtalned by hvdrolysls of 33, 
but the n m r. and mlcroanalytxal data lndlcnted that this aldeh!!de was psrt~~lly 
decomposed. The crude aldehyde reacted v,lth (2,j_drnllrophenyl)h}dr~~lnE. bht no 

crystalline hydrazone or h:N-dlphenyllmldazolldlne denvauve could be ohtalned 
The i.3-d;ouolane denkatlves proved very resistant towrds dcld hydroly> s as com- 
pared with dlphenyllmidazolldrnes’J 

Gelzero/ - All meltlng potnrs are uncorrected Infrared spectra were recorded 

ktlth a PerLm-Elmer 237 spectrophotometer N m.r. spertra were rccordell wth a 
Vanan T-60 or A-6C spectrometer. w.b tetramethylsl!ane as the internal standard 
Opucal roiatlons \\ere measured rrlrh a Perkxn-Elmer 141 polanmeter (l-am 
mxrotube). and ~.IY sver~ LO the nearest dz_rree. Elemental mxronnaly ,es \\eere 

performed bq Galbraith Laboratorieh, Kno\\llle, Ttinn Xnalytlcal, tlun-layer 
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chromatography (c I c ) t5a.s conducted on SI~ICS gel 75-I. and prepamtl\e, rhlcb-layer 

chromnto&rapb:P on la!&% (3 k 200 x 200 mm) of s~hca gel (295 and 254) Aprotlc 

orgaruc extracts \\ere routinely dned with anhydrous mngeslum sulfate Solvents 

were removed under dlnumshed pressure rn a rotary evaporator 

,\lerh 1-I 3u,-rrfo-_?-fit-o 1 I -r-D-ollr opr rauow,L~ (5) - 9 soiurlon of methyl 

?-azldo -1,6- 0- benzylidene- ~-deo~~-,r-D-aitropyranosIde’” (3Og) In 1.4-dlouane 

(300 ml) and dilute sulfuric acrd (I .3’0, 110 ml) was heated obemlght at X-60’ with 

sflmng The solutton ~‘a> made neutral \stth banurn carbonate. the buspenslon was 

fillered through a CCIIIC pad. and the filtrate was evaporared to gle a solId Rccrystal 

llzatloo from 950’ D ethanol. and waztung lrlth chloroform. ga\e 12 5 g (8440) of 5 

The anaiyrlcal sample was recrystalhzcd from methanol, IO zlke co!oriess pnsms. 

m p 138-139’ (lit l-l m p I-u)-ial ). I~~~; 2100 cm- ’ (N,l 

,Verlr~ I Z-ammo-Z-&o\ ! -r-D-alrropj runor& (7). und IIS deatuwzu~mn II rrh 

urmm~ md - The ?-auldo-D-airroj!de IS) (I g. 4.5 mmoks) In methanol (50 ml) was 

reduced mirth hydrogen under atrnospherlc pressure at room temperature rn the 

Frebcncr: of Adams catalyst for 2-4 h After remo\s! of Ihe caraI>st and solvent. the 

resultant syrup sho\\ed a ,mgic spot (with a trace of Impuncles) \:‘,I: 1600 cm- ’ 

(NH,) no abborptlon at ZiOOcm- ’ A hy?roscoplc tlvdrochlorlde N,IS obtained by 

pruslng gaseous hydrogen chlorldr Into an erhanollc soiullon of rhe syrup, and 

k>sshing the product irrth ether 

Sod:um nitrite (0 5 p 7 3 mmok) in IcdIcr (3 _ 5 ml) ~9s added droo\ilse to a 

,oiutlon ot the 2-amlnoaixoslde bjdrochlonde (0 5 ,e 2 I mmoles) In squeou5 3ceLic 

aad (SO’!0 , 30 ml). The soiuuon Has stirred under nitrogen and hept below 5 In an 

Ice-bath until all gas evolution ceased (o\er 3 h) The mrxturc was rben stIrred for I h 

dt room temperature. purged i+ltb nitrogen for 30 nnn arid evaporated IO dryness 

The residue was co-dlstliied l\ith toiuene to remove moisture. and acetyiated with 

acet:c anhydrlde (5 ml) In dry pyndlne (30 ml) o\ernrght at room temperature The 

mllture ~2s pour&-d inro Ice-Lharer, and extracted !\lth chloroform The extract ~a3 

succ~~s~~ci~ nashed wth 451 hydrochlonc acid, water. baturnted soalbm hydrogen- 

carbonate solution, and lrnter, dried, and ebaporared to a byrup [hat bhoised a major 

\por. with lalirns, in t I c The major component was isolared bj prsparan\e I I c . Its 

n m r spectrum rndlcated rhar 11 was a mrxturc of acetares (presumably. 11 and 11). 

\ilth acerji (E Z I) and metho\\i (0 3 5) protons III the ratio of4 to I 

Aural Csic for C,,I-I~~O,, (barb II and 14) C, 49 73, H, 60s. OCH,, 8 56 

Found C. 39 89. H, 6 13. OCHx. 9 09. 

,Ile~.ll_~ I ~-a~~r1r10-3,16-~rr-O-br~~ro~ I--3-dm t I -z-D-oftropl’ra)1osid~~ (8) - To dn 

Ice-cooled, surred SOIUIIO~ of the kzldo-D-aitrojlde 5 (I g, 15 mmoies) In dn 

pyndme (20 ml) was added bcnzo}i chloride (2 5 ml. I9 mmolth), and rhe mlsrure 

\%as kept okemight at room temperature The mixcure was then poured Into Ice-liaier. 

and procehsed z, :n the foreporng acetqlatlon The benzoate 6 was obtalned as a rhlch 

011 (2 4 g. 980/L) which shorted onlj one component In t I c , \E!’ 3100 (NJ) and 

1730 cm- I (Ixnzoate), n m r (CDCI,]. S 3 5 (s, 3, OCH,), 1 I (q, I, J, 2 3 Hz, 

J :,> 5 Hz, H-Z), 4 S5 (d. I. H-i), and 7 2-S 2 (m. 15. Ar H). 
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Amzf Calc for C,,H2,N,08 C. 63 27, H. 4 71, N, 7 9 I Found C. 63 14. 

H, 4 8-I; N. 7 71 

The aade 6 (2 4 g. 4 5 mmoies) was reduced to armne 8 as dejcnbeo for 7 The 

crude amlnz hydrochlonde \va\ ret -::srallrzed from chloroform-ether to gvc a white. 

non-byqoscoplc crystallme product (I 66 g. 70O0) m p 305’ (ds ) I:!.! 3000-_‘500 

(brl and 1610 cm- ’ (NH;). n m r (CDCI,) 3 5 4 (d I, H-l) and 9 3 tbr s. collapsed 

wth D,O, NH;) 

Aural Calc for Cz8H28C/NOa C, 62 OS, H. 5 17. Cl, 6 53, N, 2 59 Found 

C. 61 SS. H, 506, C1.663, N.251 

1337~11011 or8 II ~rh IIII~OUS ucrrl - The amIne hydrocnlond\: 8 wan dc=.mrnstrd 

wth sodturn nItrIte 95 desnbed for 7 The reaction mixture ixas lyophllrzed. and the 

res~duc partItIoned bzt\%ew chloroform and \iater The organic e~twzts were 

combined, washed. and processed, fo pibe a srur, l\hlch was found by t I c to be a 

mlkture It> n m r spectrum \CDC13) showed B mmor. aldehgdw proton ot b 9 S5 
I$- 4nl11 ho-2-azttio- .?-&\I -3-O-p-rof~/~rrf/otrvi-~-~~-u/rrop~~tatru~~ (18) - 

hlerhyl ?-~ldo-2-deo\y-3-O-p-rol~ Isulfonyl-l-o-altropyranosldr ” (I 5 g. 1 mrnolcs) 

\cas surrcd In benzene (150 ml) contawnp p-toluenesulfomc acid dlhvdrate ( I 5 g. 

6 9 mmolcs) The rrukture ~3s then boiled for 5 h under reflu\ (Dean-Stark trap) 

and cooled, rce-water Has added. and the organic layer \vaj SuccesSIVely washed \ilth 
aqueous sodium hydrogencarbonate and i\ater. dned and etaporsted to s!,rup which 

crystalbzed ovcrnr~ht Recrysralhzatlon from beozene-hekane afforded 18 ;IS prism> 

(I ! g. 81a:). m p 81-S, (II1 ‘-I m p S647’) 

.?-. Ittttno-l,l;-an/t> ho-.?-ho VI--3-O-p-rolr lsulh I f-/I-D-alrrop ~v-cttww ( 19) - The 

I &--an hi dro-2-azrdo sugar ( 18) I 3 ; I g, I mmols) In ethyl acetate (IO0 rnl) w;i\ reduced 

v+tlth hydro_gen at armosphcrrc pressure irrth SJo Pd/C (I 5 g) 35 the catalyst The 

hydro,oenatlon was ccnducted for over 24 h. until no aads obsorptwn at 2100 cm- ’ 

\\aj observed In the I r spectrum of an al~quot of the reaction mlyture All the wilds 

were collected by filtration. and hot methanol ~as used III dlssolilng the amine The 

catalyst restdue \\as repeatedly ixashrzd i\rth her methanol Cotton-11Le cr?;stnls trere 

obralned on e\sporatlon of the sollent. these kx<re \\a=hrd iclth ether, to give pure 19 

(2 7 g. 84X), m.p 162-163 . [A];’ - I 16 3- (c I ‘- methanol). v”,yl 3500, 3400, I %O 

(NH?), 3303 ibr. OH), 1360, and IZOOcm- ’ isulfonyl) n m r (hle,SO-d,) d 2 9 

(q, I, J, 2 I 5 Hz and .I?,, 9 j Hz. H-2). 3 6 (d. 2. Ls~u- and cnA~-H-6). 3 7 (m. I. 

H-4), 4 I (Q. I. J, J 1 Hz. H-3) 4 45 (Q. I. H-5). and 5 2 (3, I. H-l), free amino prorons 

were not resolved rn the spscrrum. and \iere probably hidden by other protons, three 

ammomum protons were observed (at 5 3 S) IIY Lh? n m r rp?ctrum of the hydra- 

chloride formed by addition of hydrogen chlorrde 

-!~ai Cslc for C,3H,7NObS C. 49 51 H. 5-U. N, 44-l. S, IO I7 Found 

C.4921, H, 520. N,4.19. S. 995 

/-O-+Icer~+_? 5-anlt~~fo-3-O-p-lol~ Istrl/drt~ I-D-atiostym.ztrose (21) - The amino 

sugar 19 (9Og. 29 mmoles) was treated 151th sodlurn UIII-IKZ (4 j g. 65 mmolss) as 

already described The solvcm ~a5 removed by Iyophlhzatlon. the residue was 

dlsjolved In chloroform (ZOO ml), and the solution was succes~liely leashed with 
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aqueous sodium hydrogencarbonate (20 ml) and Hater (20 ml), dried, and evaporated 

to a colorless OII (9 2 g. 9096) T-1 c. showed that ths product was esseN.mlly pure, 
only a trace of lmpurttles betng dstecred (at the ongm) The crude product was pure 
enough for the next steps rvrtbout further punficatron. The analytical sample Has 

prepared by prepanube t I c ; [z]:’ + 18 5’ (c 1 0, chloroform); LK: 3500 (broad, 

OH), 1730 (acetyl). 1360, ad 1 IS0 cm- ’ (sulfonyl). n m r (CDCI,). 6 2 I5 (s, 3, 
acetyl). 3 3 (br d, I, collapsed with D,O, Jq,oH 6 Hz, OH-a), 3 5 (d. 1. Jbc,DJ I2 Hz, 

H-ha), 4 1 (dd, 1, J 12 Hz and Jbc,j 1.8 Hz, H-k). 4.3 (s. 2. H-2 5),4.6 (t, collapsed to 

d wth D,O, 1. J 6 Hz and JJ,, 6 5 Hz, H-G), 5 15 (d. I, H-3), and 5.7 (locomp. d, I, 

J,,? 0.5 HZ, H-I) 
.3na/ C~lc for C,,H,80,S C. 50 37; H, 506, S, 8 94 Found C, 49.91; 

H, 3.05. S, S.jS. 
I-O- -fcetJ I-~.j-ml*~ dro_j-O-bc~/I=o~~/-3-O-p-tol~~lsu~~~~~ I-D-alioscptaJro:e (2s) - 

The 1,6-anbydro-D-aUohe 19 (I 5 g, J.2 mmoles) was benzoylated wth benzoyl 
chlonde (3 ml, 21 rnmoles) tn drq pyrldlae, and procxbsed as described for the other 

acetylations and beozoylations, to fumlsh a Ilght-jello!\ 011. T Ix showed the product 

to be a sin& component: It crystalhzcd after a few dsjs at room temperature. 

Rewstalhzatlon from ethanol ,oa!e white cry~& (I 7 g, 87?5). m p. 155-l 56”. 

[yl A’ +35’ (c 1.0. chloroform); lrKnr 17-u) (acetvl), 1720 (benroql), 1360, and IllI< 
I IS0 cm- I (sulfonyl). n.m r. (CDCI1) ci 5 3 (d. I, J;,, 6 5 Hz. H-3), 5 6 (d, 1. H-4), 

5 76 (5, I. H-l), and 7 O-S 0 (m, -I Ar H for tosyl, and 5 for benzoyl). 
Anal. Cdc forC2?HZ-r09S. C, 57.13, H,4 80. S, 6 96. Found C, 56 96. H, 4 83; 

s. 6 SO. 
Very slot, reactlon of 23 lath Fehlm g solution was obsencd. in comparison 

\rrith ?hc fast reaptlon of deacetylated 2-l (from mild. acrd hydrolysis of 23) 
dcl fufror7 o/ tk rcactlou fnl.~rm-e jrom dla:oilred 19. - A. Ben;o_iIcrtron. 

Compound 19 (1 g. 3 2 mmcles~ \+a~ dearmnated as described for 21 After removal oi 
solvent by Iyophlbzauon and co-dJbtlllation 111th toluene, the resultant semi-sohd 

was suspended rn ice-cooled, dry pyrrdlne (20 ml), and henzoyl chloride (2 ml. I5 ml) 
kvaj slowly added droFwlse The nuuure was stlrred okeroqht at room temperature. 
and then processed as berore , glrmg a syrup that contamed ti\o components (t I c.). 
The components nere separated b>p preparatl\e t I c . and charscterued as the 
benzonte 23 (0.25 g, 17%) and acetate 26 (0.9 g, 69To) 

B rlceidation i,l-DI-O-acll~~l--3,I_olll?l dro-z-O-p-ioi~‘/~~rl/‘orr1 I-o-alloseplanose 
(26) - The residue from the drazouzation of 19 (500 mg, I.6 mmoles) was dried as 

prewously described,, and acetlc anhydrIde (1 ml. 10 mmolrs) \\as added to a 

suspension of the product rn pyndme. The rmxture isas stirred o\eml_gbt at room 

temperature. and processed as brforc The chloroform extract contamed only one 

component tt I c j Cry>ralllzauon of thesqrup ttasaachle~ed from benzene-heuane, Hlth 

xratchmg or nusleatlng, to g11e i\h~rs, crystallIne 26 (600 mg, 9395). m p 12-I-125-. 

[z],’ +8-l 5’ (r I 0, chlorororm). 1::; 17Wcm- ’ (acetyl); n m r (CDCIA) 3 2 I 
(s. 3. acet>l), 2 2 (3, 3, xec]l), 5 23 (d. !, J3 4 6 5 Hz, H-3), 5 55 (d, 1. J 6 5 Hz, H--I), 
and 5 S (s, I, H-l). 
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Anal. Calc. for C17H200qS C, 51 GO, H. 5 03, S, S 01 Found: C, 51.13; 
H, 493: S, S !I 

,1.5-.4rrf~~~~fr~~-O-bci~~~r~i-3-0-Q-folr !_-rrijbtr 1 l-D-affos2planosc~ (23). - Com- 
pound 23 (1 5 g, 3 2 mmolzs) was hydrolyzed i\lth dilute sulfuric acid as described for 
the preparation of 5. After fiitrat.Ian of kinurn Wlfate. the filtrate 13% evaporated t\) 

a syrup which wa5 partlrloned behbeen chloroform and cater Evaporation of the 
chloroform extract pale amorphous materlal (I 2 g. %“,I) 11;;: 3500 (br OH) and 
1720cm-’ (benzoqi), n m r (CDCI,) 3 3 7:i (d, I. J, 12 lfz, H-&1),4.35 (s, 2, H-2.5). 
4 I (dd, I, J 12 Hz and I 5 Hz, H-6e), 4 9 (Incomp d. I, J,,, 0 5 Hz, H-l), 5 35 (d, 
I. J 6 5 Hz. H-3), and j 65 Id, I, J 5 5 Hz, H-4) 

A solution of crude LKmhydro-D-allose 24 (100 my) rn dlglyme (0 5 ml) was 
miwd with (7,~dlrutrophsn}I)h~drazlrlS (590 IL-I dIglyme, 5 ml) and heated on a hot- 
{later bath After hcln,o stirred for 10 men, the solurlon ~;is diluted witn iiater, to 

preclpltale a bro\\n 011 which cqbtallrzed on rubbtng The crude, brown johd wan 
recrystalhzed from drglyme-501’ o ethanol. to .g\e yellow hqdrazone 27 (130 mg). 
m.p 134-i 35”, [I]; - 77 (c I 0, chloroform). I::; 3500 (hr, OH), _?Uo (sharp, IVH), 
1710 (benzoyl), 1580 (C=NI. 1300, and ,3OOcm-’ (NO,) n m r (hfe,SO-tl,) 
o 3 S-3 7 (m, 3, H-5 and I\\O H-6), 4 3 (mawnct d. 1, H-l). 4 7 (1, 1, H-l), 5 05 
(br t. 1, OH. collapsed lath D,O). 5 3-5.6 (m, 3. unresolved H-3.1). 7 O-9 0 (m. -I 
Ar H for tosyl. 5 for bcwo>l. and 3 for dlmrrophsnql), and I I 2 (5. I. collapsed wrh 
D,O, ?tH) 

.Iual Cslc for C,,ti3;0, ,S C. 52 (IO, H. 102. N. 9 3-1. S, 5 -?+. Found 
C, 51.75, H, 3.53; N. 9.59: S, 5 60 

I,3-D~rt:mne &rrLatnc; (28 ami 29). - A solution of the 7 5anhydro-D-slls~e 
23 (500 mg, I I mmoles), 1,3-propanedrthlol (I! ml , 2 mmoles), and p-toluene~ulfomc 
acid, dlhydrstc (100 mg. 0 -IS mmole) In dry benzene (50 ml) \\as boiled for 8 h under 
retlu\ (Dean-Stark uap) After zwroplc dr\tlllatmn, the solution ~3s cooled. 
succewvely washed wth water (IL~IC~). 1090 ao JIum h>dro klde, and Liaier, dried, snd 
ekoporared to a jsllomsh 011 which ahowed Tao spots in I I c A ponlon (200 m_e) of 
tie syrup was fractwndted by preparstrle t-1 c to aKord tno components I28 and 29) 

2-(3-O-B~n,-~~~~f--o-p-lo~~~ls~~i~~~r~~/-~-~-t rhofir/ auos?d)-/ _?-cf~rlrtmc (28) - This 
compound had the lowr mobllrty tn I I c . y~sld 75 mg (330~), [ali -9 0” (c 0.9, 
chloroform); v:;; 3500 (OH), 1710 (benzo>l), 1370, and I IS0 cm - ’ (sulionyll; n m r. 
(CDCII) 6 2 0 (m, 2, CH,), 2 S-3 0 (m, 4. S-CH,), 3.S5 (m, 2, H-S), 4 I5 (d, I, 
J 5 Hz, thloawhl H), 4 25 (m. I, II-I), -I 5 (t, I, H-l), and S 2-5 35 (m. 2, H-2 3) 

Anal CaJc for CzJH,,0,S3 C. 5109. H. 5 13, S, i8 S4 Found C, 53 S-1; 
H. 5.20, S. IS.%. 

?-(5-O- -Ice/ 1 l-3-O-b2n-or~/-~-O-p-rnli f~lti/c~t~~‘l-~-~-rlb~~filt rir!oS I 1 ~-/.3-rhlf~ure 

179) - Thus compound \)a~ ohraIned In a jlcid of 210 mg (60’;0). [:I;’ - I3 3’ 
(c I 0. chloroform). ~6;’ l7+0 and 17X cm - ’ (acetll and benzoyl) n m r. ICDCI,). 
6 2 0 (10, 3, U-l,). 2 1 (5, 3. acctyl), 2.7-3 0 (m. -L S-CH,), -I 0 (d I, J -! Hz. thlo- 
acetal H). 4 4 (m, 3 unresolved H-J and H-j). -I 6 (I, I. H-l ). and 5 3 (m, 7. H-3.3) 
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4nal Calc for Cz5HzbOdSS C, 54 33 H. 5 10. S, 1740 Found. C, 53 98. 

H. 5 IO, S, 17 28 
2-(I-O-p-TJt isu~forlrI-~-D-rrbl~~~rono~~~~)-I,3-d~~rofane (30) - A soi~t~on ot’ 

the crude 2,5-onhydro-D-allose 21 (I g, 3 8 mmoles) \\a> hydrolyzed (as debcnbed m 

the preparation of 24) to crude 22 The hemlacetal 22 \\as unstable at room temper- 

ature ar;d so It was prepared frchh before ncetalatlon \r~th ethylene glycol (10 ml) In 

drv benzene (SO ml) contalnlng p-toluenesulfonrc acrd (IOOplg) as tbe catnly>t The 

areorroplc drstlllauon gas conducted for oker 4 h (unrrl no more bearer could be 

dlsulled) The solutron was cooled, and extracted alth chloroform, and the extract 

\>‘a~ success~\cl~ \i\s5hcd \\lth X-ml portlons of \\ater. aqueous sodium hydrogen- 

carbonate. and water, dried. and cbaponrsd to a crystallrne mass Recrystallization 

from benzene gate colorles\ need& (600 mg, 57%). m p I 15-i 16”, [a];’ - 11 3’ 

IC 1 0. chloroform). \l,“r 3500 and 3A.00 cm- ’ (OH). n m r. (CDC13)- (5 2 5 (s. 3. Itie 

or tosyl), 16-3 0 (br .n. 2. OH). 3 S (m. 2, H-5). 3 9 (s. -I, ethylene) -IO--!4 (m. 2. 

unresolved H-1.31, -l 8-5 0 (m. 2, supenmposed thioscernl H and H-2), and 7.3-8.0 

(q. -I tosyl Ar H) 

dr~al Crllc for C,,H,,O,S C. J9 99 H. 5 59. S. S 90 Found C. 49 76 

H 5 49. S. 8 65 

Pliorol_rvrc 0-dL2os L Iarlolr of 30 10 J-b- D-r/bo/itrano~ L I- I.3-droxohcr (31) - A 

merhanohc solution (400 ml) of 30 (2 g. 5 5 mmoles) contaming sodium methoude 

(Xi0 mp. 6 7 mmoles) \sdh purged \\lth argon for 3 mln, and then lrradlated Hlrh a 

iOO-W. mcdlum-pr:s\ure. mercury lamp In a water-cooled, quartz Immersion-\!ell 

(ACE Glajs\iaIc) for j II at Xl-35 whllc being flushed wth a gentle. cormnuou> 
bubbhnp of argon After Irrsdlntlon, th.: solut~cn was light-yellow and contained ;I 

white preclpltatc. rh~s wd; removed by filtratron, the filtrate MS mived with ab~lute 

ethanol (100 ml), rhe mllture ~3s filtered 10 remove more msoluhle matertal. and the 

solid ~3s washed l!lth ethanol (2s ml) The filtrate and washmg bcere combined, 

evaporated IO dryness, and the rebldue trlturated lath benzene The benzene ivas 

decanted, and the residual syrup was redlhsolved tn the mlrumal volume of ethanol and 

chromatographed on preparative-t I c plates which \\ere developed with 4 I I 

I-butanol-methanol-water for I h The plates Here dried In air and -30 and rhe 

detohjlatrd compound 30 (31) were located under short-waielengzh, u v Ilsht. 

RF 0 8 for 30 (dark blue) and 0 6 For 31 (fount green) Compound 31 was eluted with 

methanol. to gwe 3 Ilght-}etlow syrup (0.S g, 700,b), [z]:’ +SS’ (c I 0. methanol) 

IV;;: 3-KIO cm - I . n m r (hlz,SO-d,) S 3 O-! 0 (m, unresolved sugar-ring protons 

and free hydroxyls). -I 0 (s. -I, ethylene). and 4 55 (d. 1, J 3 5 Hz. acetal i-f) 

Anal Calc for C8H ,sO, C, 46 60. H, 6 54 Found. C, 16.65. H. 6 87 

Z-(2,3,5- Trt-0-bmsor I-&D-rrbofirranos} I)-1,3-1iio \oiane (32) - Benzoylarlon 

of 31 ~3s conducted as described for 6, to gve 32 as a colorless 011 (almost qunnu- 
rarl\ely). [A];’ +35 9’ (c I 0 chloroform). v:: 1720, 1600, and IJSO cm- ’ (bcnzoyl), 

n XI r (CDCI,). S 3 8-4 0 (m, 4, ekhylene), 15-l S (m, 4, H-1,4,5). 5 2 (d, 1. J 3- 5 Hz. 

ace&al H). .i 7-6 0 (m, 2, h-3.3), and 7 2-S 2 (m. 15, Ar H) 

Anal Calc for C,,H,60c, C, 67 17, H, 505. Found C. 67 IS. H. 5 I4 
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2-(,3,5- Trr-O-b~~~~~d-~-D-r~h~~/irranos~~l)-i,3-dro~olat~e (33) - Sodium 

bydrrde (200 mg. In orl dtsperstoa. stashed Hlrh ether before use) was added to J 

solution of 31 (300 mg, I 45 mmoles) In dry N,N-dlmerh~lfornude (IO ml), the 

suspension -Nas strrred ar room temperature for 30 mln, cooled to 5’ in an ice-barb, 

and a-bromotoluene (benzyl bromide) (I ml. 6 mmoles) WLI~ added The mixture v.as 

stured for two days: then, methanol (2 ml) Ha5 added to decompo>e the ewe>s of 

benzyl bromide, and the solution was evaporated to dryness The residue was 

extracted wth chloroform, and the extracr was washed wrh water, dried. and 

dvaporatrd Traces of solvent were removed under high vacuum, to afford an 011 

\+hlch was chromntographed on preparative-t I c plates, IO grve 33 (0 53 g, 7796): 

[CL]: + 38 5’ (c 1 .O, chloroform), 1;: 1600 (neak), l-195, and 1450 cm- ’ (henz) I 

ether) n m r (CDCI,) d 3 6 (lncomp d , 2. H-5). 3 85 (s, 4, ethylene). 4 0 (m, 2. 

H-IA), d 25 (m. 2, H-2.3) 4 6 (d. 6. benzyllc CH,) 4 95 (d, I. J 3 5 Hz, acetal H), 

dnd735(s, lS,ArH) 

4rral Calc for C2sH320, C, 73 09. H, 6 77 Found C, 73 29, H, 6 90 

?tten~pted rt~g’ye’wraru?u of free aldeh> dc b\s acid hi drolJ*ssrs - Treatment of 32 

and 33 wth I to 1~ hydrochlonc acid In aqueous IA-dloxane or acetone .ga\me 

rsco\cry of unchanged stortmg-matrrials only. ,I btirrcd JutIon of 33 (I 45 g, 

3 mmoles) III I I acetic acid-\iater (30 ml) contaInlo@ p-tolwnesulfonlc acid 

dehydrate (30 m_e. I 45 mmoleb) was gently heated JUG below the bolllng pomt for 

over 5 h (until t I c shoi\ed that most of the 33 had dlsappearzd) Thz solutron was 

evaporated io dryness, and the rewdue \tas extracted with benzene TII: extract wab 

succej>lvcly washed wlrh aqueous hodlum hydrogerwarbooare and Hater, snd 

evaporated to a syrup The main component was Isolated by preparatl\e t I c . 11::: 

1740 cm- ’ (carbonyl). n m r (CDCII) d 9 Y (Incomp d, J I 5 Hz, aldchgdlc proton) 
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