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a-KMnO,.hydroxylation of bmcthyl-2.7dioxabicyclo(3.2.0jhepr-3tnc (2) occurs from the exe side and 
leads-after rcorprriution of the bcmiacctal systems-to 3&oxy_ol-strqbsc fisobted as tbe l.2Gisopropy- 
Wee derivative 11). The stnrhuc of II wu proved by umvcnioe~ to 3$dideoxy-l2Q-isopeopybdene-3-C- 
methyl-&oL-ombino-pentofurWse. 

Evidcuze is pnseatcd tbxt a spootaacous epirncriz~ti~~~ at I& formyl groupbaring C atom must occur during 
hydroxylation of 2. 

Photochemical cycbaddition between furan and akk- 
hydes furnishes with remarkably high rcgio- and 
stereosekctivity 6-uo substituted dcrivatiLcs of 2.7- 
dioxabkyclo [3.2.0]hept-kne’-’ (I). Exploring the utility 
of these highly funchnalizcd compound for the syn- 
thesis of natural products’.’ we became interested in 
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R=alkyl ,Or)‘l. co,R.etC 

elaboration of a simpk access to 3-C-formyl-pcatose (7) 
system. In fact, hydroxylation of the doubk bond in 2 
would provide a dial(3) which after reorga&Aion of the 
hcmiacetal groupings (Scheme I) &ouId give 7. 

The best Lrnown reprcKntative of this class of bran- 
ched-chain sugars is L-streplose (8). a component of 
streptomycin. Although the structure of g was deter- 
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mined in 1948, the first successful synthesis of I was 
performed only 17 years later by Dyer.* This certainly 
gives a measure of di5culties connected with the pre- 
paration of this little stable monosaccharide. The sccoad 
systhcsis of g has been accomplished by Paulsen et al.’ 
in 1472. Two approaches to similarly branched sugars 
have been propod by Tronchct’ and by (the late) Dy~ng.~ 

Successful synthesis of 7 would create an access to 

tAllcompcUdsoMainedduringtheccurseofthis*orkwcre, 
in fact. racemates. However, in order to frcilime the coquboa 
withL.srrrprou~fIormutscdnwninIhhprpernp~~tbc 
L forms. 

tNote tbc cbangc in numbering when pass& from 2.Miox- 
abkycb [3.2.Ow-310~ system IO furaaose: WbDO~NlX. 
I. 3.4. S xad 6 of tt~ former become Noa. 3’. I. 2.3 aed 4 ia tbc 
carbohydrate ring. 

way-DL-streptosc-type c0mpounds.t It is interesting 
to oote that 3dcoxydihydro+streptosc (9) is a con- 
stituent of dihydrodeoxy-streptomycin. a highly active. 
chemical modifkation of the parent antibiotic.‘” 

RcwLTsAND- 

Assuming the attack of tbc hydroxyhting agent on the 
doubk bond of 2 from the en& side (direction a) one 
would expect the formation of 7 having the 2SR. 3RS, 
4SR co&u&on (7a), whcrcas the attack from the uo 
side (direction b) would furnish I) with the 2RS. 3RS, 
4SR con6guration.S 3-Dcoxy-I.-streptose has 2R. 3S, 4s 
configuration (10). Thus, only diastenoisomers of 10 are 
expected from the hydroxylation of 2. 
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Hydroxyhtion of 2 with osmium tetraoxide or with tbe 
Mihs vt (6% HIOl in I-BuOH containing catalytic 
amount d 0~0,) led to a compkx mixture of pnAucts 
from which isolation of de&d compounds faikd. 
Hydroxykhn with KMnO, in acetonewater solution 
gave a siogk-spot (TLC) product. ‘H NMR specmm 
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Scheme I 

(D,O) of that product revealed the presence of a mixture 
of compouds; in the armmetric proton region, 6 5.24% 
at least 5 signals could be discerned. The internal pro- 
portion of these signals varied with tune. The proton 
decoupled “C NMR spectrum displayed 30 lines, again 
pointing at a mixture of at least 5 compounds being in a 
state of dynamic cquliitium. 

Reaction of the hydroxylation product with acetolre in 
the presence of sulfuric acid led to two isopropylidene 
derivatives which could be readily separated by column 
chromatography. The TLC-faster-moving product, for- 
med in co IS% yield, gave a fIrstorder ‘H NMR spec- 

trum which permitted the assignment of structure II to 
it. 

II 

obtained by Tronchct and Graf” in an independent 
manacr from 5deoxy-l2-O-isopropylidene-B-~fLno- 
furanos-3-ulose. The ‘H NMR data of DL-16 ad of 
Troncbet amI Graf’s compound are practically identical. 

It is conceivable that both isopropylideae derivatives, 
11 and 12, were formed from the products present in the 
equilibrium mixture (Scheme I). Compound 11 was cer- 
tainty formed by di-isopropylidenatioa of 6. The 
cordlguntion at C-2 of 11 con!ifms that the attack of the 
hydroxylating agent occurred from the more readily ac- 
cessible cxo side of the bicyctic substrate 2. The 
configuration of both remaining chiral centers at C-3 and 
C4 is the same as in the substrate, i.e. 3RS.JSR. 

The other product 12 stemmed from the same uo-face 

-- _ --- _ _ _- -- 

13 : R - CH,OH 
14. R = CH,Cl 

I2 lb .R=CH,y 

I6’R=CH, 

The second product was more abundant (co 33%) ml 
here again a simpk ‘H NMR spectrum made possibk the 
direct assignment of structure 12, i.e. of 3dooxy-l&O- 
isopropylidene-&tXMreptose to it. An imiependent 
proof of the constitution aad co&uration was 0btaiM-d 
from a sequence of reactions transforming the formyl 
group in 12 via tbc bydroxymethyl (13). chloromethyl 
(14). iodomethyl (IS) into ~-C-MC group of 16. Optically 
active compound 16 (of the D configuration) was 
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attack of the hydroxylating agent, because the 
confIguration of the seco&ry alcoMic center at C-2 is 
t& same as in 11. However, the co&uration at C-3 is 
diRerent from that expected. It must be assumed that a 
spontaneous epimerixation of the formyl group occurred 
during the reaction. There is a report in literature in- 
dicating such a possibility. Williams et of.” observed that 
methyl Meoxy-3-Cformyl-a-Bribe-furarmside (17) 
epimerized during isolation to the rylo stereoisomer (18); 
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This product was stabilixod due to the formation of an 
additional hcmiacetal ring. 

If Ilk formation of a hcmiacctal ring slabilixcs 
contlguration of the compound, then having a hydroxy- 
methyl and an OH group cir-positioned in the primary 
hydroxyhation product, one would expect the retention of 
the or&aI configuration. 

Photocbcmical cycbaddition between furan and II- 
butyl glyoxylate furnished a bicychc adduct I9 of the 
same constitution and confIguration as 2.’ Careful 

I9 : R-C02Bu 

20 : R-CH,W 

21 : R-CH,OAc 

reduction of 19 with LAH gave tbc primary alcohol 28. 
For hydroxylation experiment the acetyl derivative 21 
was taken. Reaction of 21 with mchbro-pcroxybenzoi 
acid (MCPBA) gave two products, 22 and 24, formed in 
64 and 1% and yklds, respectively. A readabk ‘H NMR 
speclrum pcrmittcd Ibe assignnknt of structure to 22. 
According to expectation the preponderant product 
stemmed from the exe attack of the hydroxylation 
reagent on 21. Co&u&on of the minor product U 
could also be determined from the ‘H NMR data as 
resulting from the ndo attack. 

22:R-ti 

25:R-AC 

OH 

CH,OAc 

Removal of the ester grouping in 22 with sodium 
m&oxide followed by acidiflcatioa of the medium in 
stiu gave a single di-mcthoxylatal product 25. Its struc- 
ture. readily discernible from tbc ‘H NMR spccmnn. 
fully confbmed that after rcofRaniz&n of the 0figinaI 
bicyclic system into a furanosc a closure of a scco4 
5-mcmbcred hemiacclal ring followed, thus StabQkiW 
the co&uration of tk primary hydroxylatbn poduct. 

We regard this result as an cvkkr~ cordlrming that 
tbc primary, rcoqanixcd product of hydroxylation from 
the exo side of 2 must have the 2RS. 3RS. 4SR 
conhguration. Spontaneous epimerixation at C-3 occurs 
probably at the stage of formation of the furanosc ring 7. 

28: R-H 

26 : R = C,H,CO 

II is obvious that from the syntktk point of view the 
process of epimerixatbn in that system is very fortunate 
as it furnishes the desired &koxy-DL-streplose system 
without any additional operations. 

Further mdifkations of 2 and of its analogs will be 
described in forthcoming papers. 

-Al. 

‘H NMR spectra were reconkd with lad JNUH-100 spcc- 
troalcter (d scak. TMS 5 0 ppa). IR spectra were recorded on a 
UNICAM SP-200 emtter. Mur spectra were 
obkeed with a LKB 2091 mass spectrometer. For c&ma 
chromalograpby silica gel 60 Merck. and for thin layer chroma- 
to$np4ly silica pl G Merck were eaploycd. 

Compormd 2 was obtakd according to Ref. I. 19 (‘H NMR: 
Tabk I) was prepared by pbo~oc&rnical cyclodditbn between 
furan and bucyt glyoxyhle.’ Acdylatbns were performed with 
Acfl in pyridinc solo al ambknl temps. Tbc acctyl derivatives 
were purifkd by chroma~oqopby. 

6 . Hydroxymrrhyl - 2. 7 - diorobicycio (3.2.01 kpr . 3 - cnc 
(20). Ester I9 (9.9 r) was dissolved in oxolaoc (100 ml) and slowly 
added to a stirred soln of LAH (3.7 0) in 100 ml anbyd elk. 
After 2 hr the excess LAH was dccomposcd with water and 15% 
NaOHaq. Tk etbcr soln was decanted and tbc ppt was washed 
with c&u. lbc comktul solo was dried (M8SO.l and 
evapcntcd IO dryness. Tk miduc was distilkd at 7843”/0.2. 
Colorless liquid. 6.2s 8 (S5%). (Found: C. 56.2; H. 6.6. Cak for 
C,H,O,: C, 56.2; H. 6.3%). IR (lllm.) 3300. 1610. IO40.%5.8%, 
86Ocm ‘. 

6 - Actfoxymefhy/ . 2.7 - dioxobic~ (3.2.0) bf . 3 - ae 
(II). dist. at 8u16’10.2 (air bati). (Found: C. 36.5; H. 6.2. Cak 
for C,H,& C. S6.4; H. S.996). IR (Mm): 1745. 1605. 1230. 1130. 
1045. W. 892 cm-‘. ‘HNMR: Table I. 

Jfy&oxykrrior 012 wilh KM&,. To a sdn of KM&, (3.09) in 
300 ml watcr-acctoac (I : I) v/v) ccmhinhg 3.0 R M&O, 2.0 g of 2 
were added at -lW. After Ilu tbc Mn0r was Rllcred off and 
wasbed with lo0 ml water. Tbc aqueous soln was coaccnuakd lo 
~s&_k.$ peasun and tbc miduc was pwi6ed on a 

_-m&anol6:6: I v/v/v used 
for dutioa Cob&s oil (I.35 r) sol&k in HrO and acetone. ‘H 
NMR qec!rum (Cl@) of I& product was compkx: in tbc region 
65.2-5.6 four doukts and a sir&t welt dkemibk. T& pro- 
porti d tbac sipah varied with time. “C NYR specmm 
(40) dirphyal in lb anor~& C atom rcgioo (%lOS ppml four 
Qtincl signals of rpproxima1cly equal inlcnsily al 9s.s. 97.7, 
98.1 and 101.1 ppm and two minor signals at 96.3 and 103.8ppm. 
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H-l ii-2 H-3 H-3’ H-4 H-5 Cko2 

5.72 4.95 2.95 9.62 4.40 1.50 ;*;; 

5.61 4.53 2.18 3.96 3.96 1.43 1:35 
1.58 

5.64 4.53 2.38 3.40 4.w~ 1.45 1*33 
1 .I0 

5.61 4.42 2.30 3.12 3.92 i.43 1.34 
1.56 

5.14 4.31 2.01 l.Ob 3.70 1.38 1*3e 
i.58 

J1,2 J2,3 ‘393’ J3,4 J4,5 

4.; i.9 0 4.7 6.3 

4.0 i.6 a.2 4.3 b.4 

4.v 1.7 6.2 4.3 6.2 

4 .c i.6 5.9 3.6 6.1 

4.0 2.1 1.5 4.13 6.2 

5.17 4.14 2.96 4.16 4.51 "1' 3.~4' 
9.e15.vj= 

c 1.~ 0 7.2 4.C 

8.2 

G 7.4 c 1.4 4.4 5.10 5.58 3.i0 5.02 d.b'j 3.79 :.ld, 

4.12 7.4 

a. Zlxmlcal ehifts in 6, coupling constants in riz. 

b. 0X3. 
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