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ABSTRACT 

The title compounds (6 and 7) i\ere prepared by acetylation of 4,6-0- 

benzylidene-3-dcoky-3-nitrc-r-o-glucopyraoose (3) followed by elimination of acetic 

acid. Reaction of the fi nnomer (7) with bydrazoic acid gave the thermodynamically 

mowstable glucopyranose 8 cwlusi~*ely, whereas similar reaction of the #Z anomer (6) 

aHorded the less-stable mannopyranose 10 as the major product and the gl~rco 

isomer 11 as the minor product. Striking solvent-effects were obsencd in the laiter 

reaction. including the cpimsrization of 10 to 11 in dimsthyl sulfokide and I\i,W 

dimetbylformamidc, but not in other solvents (chloroform, ethyl acetate. and tetra- 

hjdrofurnn). The reaction of 6 with hydrogen cyanide also gave the mannopyranose 9 

in good yield. 

INTRODLIC-TION 

WC have shown that the reaction of methyl 1,6-O-bsnqlidene-2,3-dideouy-3- 

nitro-a-D-er?.c//ra-her-~-enop~~~noside (1) u ith hydrogen cyanide aFords the thermo- 

in good yield’, of the 

/3 anomer 2 .glucopyranosidc’“euclusively*t; both 

to be kinetically controlled. of reversible reactions 

in the 

reactions and 2 

in heterogeneous reactions6. la order to determine 

or not of i and 2 was repreientativc of the mode of addition, 

we have prepared i-O-acetyl3,6-U-be~lidene -2,3-dideo.uy-3-nitro-a-D-t,r_l,f/fro-hex- 

2-enopyraaose (6) and its fi anomer 7, and havr studied their addition reactions with 

hydrazoic acid and/or hydrogen cyanide. 

l Skr~wchcmirtry of Nucleophlllc Addllloo-Reacrionb. Pars 111. For related \\ork, see ref. I. For 
Part II in this series, zcc ref. 21. 
fPa&eo and Gre\e round that a similar wsction of 2 wirh hydrogen cyanide IO the prticnce ol’ 
catiilyt~c amounts ol‘ trwthylamine g~vc zhc alducu having the gluco and ruonno configurations, a~ 
well as f.be cyuoalkene den\sti\e; see ret. 2b. 
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Acetylation of 3 !brth acetic anhydride in pyridine, as described previously’, 

_gakz a quantitative )lield of I.2-di-0-acetyl-4,6-0-bc~iidene-3-dco~y-3-nj~o-~-D- 

glucopqranosc (4). Treatment of 3 with acetic anhydride in the presence of catalytk 

amounts of snhbdrous sodium acetate for 45 min at 85” afforded a mixrurc of the 

,x acerate 4 and the fi acetate 5 in the approximate ratio of i3:7 as determined by 

n.m.r. spzctroxopy. and these wcrzseparated by fractional crptaltizatioo. Assi_gnmeot 
(Tables I and II) of the /3 configuration to 5 1~3s based on the magnitude 

(8.5 Hz) of J, ,‘. Treatment of 3 and 5 with sodium bjdrogencslrbonate in rrfluxing 

benzene rsadlly afforded the nitroalhrnes 6 and 7. respectively. It is noteworthy that 

the n.m.r. spectra of 6 and 7 jhoi+ed the presence of long-mngc couplings: J ,,s 1.2 

snd J,,A I.9 Hz. and .II,4 2.8 and J2,-: 3.2 Hz, respectively. 

10 11 8 

Treatment of the /3 anomer 7 i!ith hydrazoic acid rn ictrahydrofuran for 25 min 

at 0. or in chloroform for 3 h at room temperature gave exclusively I-O-acctyl-2- 

~do-1,6-O-benz}~lidrne-2.3-did~o~~-3-nitro-~-D-~luco~~rsnos~@), the configuration 

of v,bich \+a~ deduced from couplinp-consranc data: J, ,: S.8 and JZ,3 = -JJ,+ 10.0 Hz. 

Treatment of the ,z anomer 6 \vith hqdrogcn cyanide in acetonitrile in the 

prcxncc of caral~r~c amounts of potassrum cyanide for 3 h at 0’ afforded the manno- 

p:,rsnoside 9 in S39b yield. togerhrr with small smounis of byproduct. The I~ILWIID 

configuration of 9 was assigned by u.m.r. spectroscopy: JIS2 1.2, J,,, 5.0, and J3,J 

10.6 Hz. \Vhen the ,z anomer 6 ~35 created u ith hgdrazoic acid in chloroform for 3.5 h 

at room temperature. a mixture of I-O-acetyl-l-azido-4,6-Cl-benqlidene-2,3-dideoxy- 
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TABLE I 
ChEblicAL SHlm (CT) OF 3-hlTR0 DERWAIIVES AT 100 MHZ I\ CHLOROFORhl-d 

(hlr,SI AS W-TERNAL STAND9RD) 

Conrpd. H-I H-2 H-3 H-S H 6a 

5 5.77 5.5’ 4 s3 -%.I??- 3 63 3 79 J 35 
6” 6.52 7.07 -I 96 b b II 
7 6.63 6.79 4.s3 c b b 

8 5.66 4.14 4.5-l -I 07 3 66 3.77 1.36 
9 6 35 3.76 5.06 3.03 b !I b 

10 6.23 4 37 4.92 -a 50 b b b 

1 IJ 6.JI .l 59 5 19 h c 3.94 4 29 

TAf3LE II 

FIRST-ORDER CO~PLINC-CONSTANTS (Hz) FOR 3-NITRG DERI~ ~II\E~, hlE ~WRED AT IO0 h1 Hz 1% 

CHLOROFORM-d 

Compd. J , . ? J1.3 J&4 J 4.< J > h, J,.,. J r 1.c L 

5 6.5 10.0 :oo I00 100 4.5 IO.0 
6” 3.1 6.3 b b b 
7 1.3 7.5 b F ? 

8 88 IO 0 10.0 9.0 9.1 -1-l 9-I 
9 I.2 50 IO 6 8.S b c c 

10 1.6 3.3 IO 0 Lx.8 b t c 

II’ 3.8 II 3 100 b 10.0 3.s I00 

“In dlmethbl sulf~~u~d~-d,. bN~t smen;lbic LO tirrl-order anal) ~1%. 

3-nitro-~-D-mannopyranojz (IO) and its 2-rpimer 11 ~3s obtained in 95”#, yield. 

These here separated by frnctioaol crystallization. The i.r. spectra of both ctimpounds 

showed the presence of an arid0 group (2100-31 IO cm- ‘1 and of a nonconjugated 

nitro group (I-560 cm- ‘). The r~uxno configuration of 10 and the glrrco configursrlon 

of11 \kere assigned from o.m.r. data: J,.? 1.6, J,,, 3.8, and J3,-L 10.0 Hz. and J, 2 3.S. 

J 2,3 11.3, and J,,-( 10.0 Hz, rcspectlvely. 

As shobn in Table 111, this reaction was greatly atkted by solvents. In such 

nonpolar solvents as benzene, the startin g material 6 itas recovered after .i h (Expts. I 

and 7), but in more-polar solkents such as tctrslhydrofuran anJ dimethyl sulio\ide. 

the reaction proceeded readily \\lthin 0.5 h to gi\e 10 as the rna.ior product and 11 as 
the minor one (Exprs. 2-6). In a retrahydrofuran (0. I5 ml)-chloroform-c/ (0.4 ml) 

solution, compound 6 (0.1 mmol) reacted i%tlh hydrazoic acid (-0.1s mmol) within 

30 mm (Eapt. I I), but in terrahydrofuran (O-OS ml)-chloroform-d (0 4 ml) it did not 

react even after 7 I h (Etpt. IO). Furthermore, in chloroform-d solution. the ratio of II 

to 10 increased with an increase of the concentration of hydrazoic acid (Expts. 8 and 

9). These solvent-eflects are explicable as follows. Activatton of hydrazoic acid is 



34 -I-. SAKAKIBAM, R. SUDDH 

TABLE III 

SOLVENT EFFE~ ON l-E RfXCllONS OF 6” HTI-H HYDRAZOIC AC-lD 

E&v. Soltenr Cm/) CDCf, solurion of Reaction 
H/V, b (ml) rime (h) 

Ratio of 1 I to 
10-t 11 (?b) 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Benzene (0.4) 0. I 
Ethyl acetate (0.5) 0.1 
THF (0.s) 0.1 
T-K F (0.2) 0.1 
hk$T¶O-d, (0.2) 0.1 
HCONhfe: (0.2) cl.1 
CDCI, (0.3) 0.1 
CDCIJ (0 2) 0.2 
CDCI3 (0) 0.4 
CDCI, (0.3)-THF (0.05) 0.1 
CDCls (O.?)-THF (0.15) 0.1 

5 recovery of 6 
0.s 12= 
0.5 13 
0.5 II’ 
0.5 2OJ 
0.6 25” 

71 recovery of 6c 
3.5 5G 
3.5 7oc 

71 recovery of 6 
0.5 13 

“Compound 6 (0.1 mmol) ws created in an c.m.r. sample-tube at room temperature, and the ratio 
was de!emioed by n.m.r. spe~tfsj~py. shah revealed the ahsense or other produck The con- 

cenlration of HN, uas ahout I QCI. as determined by tifratioo Hith 0.1~ porasrium hydroxide. 7he 
ratio war, independent oi reaction time betHzen 0.5 h IO I day. dThe ratro depended on the reaction 
rime: see Fig 1. cCrystals of 6 sull remsined. 

2 4 6 S 10 12 14 16 18 i?O 

Fig. I. Reiatioosbip between the ratios ot’ 1 f fo 10 + I I and the reaction time. The reaction; of 6 
(0.1 m1110l) uith hydrazoic acid (~1 .&I CDCI, solution, 0. I ml) uere performed in an n.m.r. sample- 
tube at room Icmperature. and monitored by n.m.r. spectroscopy: x, 6 in hfe$jO-db, (0.2 ml); 
A. 6 in HCON hlc, (0.2 ml); 0. the 3-deuterated dcrivatrbe of IO in hfezSO-d6 (0.2 ml); and V, the 
3-deuterated derkaive of 10 in hle..SO-d, (0.2 r15I in the atxcoce of hydmoic acid. Except for the 

1st t3ample (vi only II uas observed by n.a I spectrorcopy atIer 7 days. 
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required to initiate the reaction, In polar sol~ots, hydrazoic acid is activated by 
SOlV3~OD, giving the mannopyranose, which is kinetically favored owing to suxeo- 

electronic control and steric hindrance. However, in nonpolar solvents, instead of 
salvation, hydrogen-bonding is operative between hydrazoic acid and the acetovyl 
gmup at C-l to fiord the gfuco isomer 11. As almost Lhc same solvent-efTects had 

been observed in the reaction of a-pyraaoside’ 1, the presumed hydrogen bond would 

be formed with the alkyl-oxygen atom of the acetoxyl group. In dimethyl sulfouide, 
the stereoselectivity of 1. however, unlike that of 6, is higher than in tetrahydroiuran. 
To elucidate this discrepancy, the reaction was monitored by n.m.r. spectroscopy. In 
ethyl acetate, chloroform, and tetrahydrofuran, the ratio of 11 to 10 was not changed 
during the period of 0.5 to 24 h: however, in dimethyl sulfo\ide and N.N-dimcthyl- 
formamide, it increased together with the reaction time (Fig. I), showing that 
epimerization of 10 to I1 took place in such polar aprotic solvents*:. in fact, when 
I -O-acetyl-2-wide-4,6-0-benzylidenc-_. 3 3-dideoKy-3-deuterio-3-nitro-r-D-manno- 
pyranose was treated wivirh hydrazoic acid in dimerhyl sulfouide-d,, epimerization of 
the rmmo isomer to the gluco isomer was obsened. An extrapolated value of for- 
mation of about IO?& of gl~co isomer Eliin these aprotic. polar solvents is in good 
agreement with that obtained in the similar reaction of 1. It is noteworthy that 
epimerization was accelerated in the presence of hydrazolc acid. 

In contrast to the reactions of the pyrnnoside 1 with eirhttr an eycess of 
ammonia’ or of sodium zzide’, each of which gave the gluco adduct in high yield, 

similar reaction of 6 afforded complicated results; these might arise through hydrolysis 

of the acetortyl group followed by further transformation. 

EXPERIMENTAL 

General methods. - Melting points were determined in capillaries and are 
uncorrected. 1.r. spectra Here recorded for potassium bromide discs with a Hitachi 215 
i.r. spcctrophorometer. N.m.r. spectra were determined at IOO-M!iz with a JNM3H- 
100 (JEOL) spectrometer for solutions in chloroform-d, with tetramethylGlane as 
internal standard. 

1,2-Di-O-ace~_~~-1,6-O-hen~~~idene-3-deo.~~-3-nitro-~-~-glurop~~r~osr (5). - The 
henzy!idene acetal’ 3 (1.4S5 g, 5 mmol) and sodium acetate (750 mg) in acetic 
anhydride (I 5 ml) were heated for 45 min at 85”. The mixture was poured into ice- 
water (200 ml) and the precipitate that separated ~‘3s collected and washed thoroughly 
with cold water. The n.m.r. spectrum of ihe product revealed that it was 3 13:7 

mixture of 4 and 5. Recrystallization from ethyl acetate furnished two crystalline 
fractions. The first crop began to deposit quickly; it was isolated, and \\ashed Hith 

ethyl acetixte after being kept for 15 h at room temperature. This crop (I.035 g) WZIS 
pure 4. identical wivh an authentic sample’ by melting point, and by i.r., and n.m.r. 
spectra. The second crop (1.0 g), obtained by partial concentrarion of the nlother 

*ln I similar rCzicLlon of rhe methyl pyranoslde 1. the product-rauo %ti nearly consl~nt from 10 mln 
to 32.5 h in acetonirrile. telrshydrofuran. chloroiorm, and dimcthyl sulfoxldr’. 
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hquors was 5, together with an appreciable amount of 4. After thrcx recrystallizcitions 

from ethy! acetate, pure 5 was isolated: m.p. 224-235”. [Y]:’ -29 O- (c 1. chloroform): 

“lx,, 1770 and 1760 (CO). and 1560 cm- I (NO,). 

Anol. Calc. for C,,H,9N0,: C. 53.53; H, 5.02; N, 3.67. Found: C, 53.83; 

H, 503; N, 3.87. 

f-O- ~c~~~~N,6-O-bin~~~lne-~.3-did~o_~_~.-3-nirro-~-~~~t~ro-l~e.r-Z-enop~~ranose 

(0. - The acetate 4 (14 g) and dry sodium hydrogencarbonate (1-I g) in distilled 

benzene (130 ml) Rerc boiled for 36 h under rellux, brrth strrriog. The misturz was 
cooled and filtered. and the 6ltrate 1~9s ekvaporated to gike a crystalline residue. 

Recqstallizarion from benzene afforded 8.3 g (71%) of 6: m.p. 204’ (dec.), [a];’ 

- 152” (c I. chioroform); vnIr I730 (CO) and IS30 cm - ’ (alkznic nirro group). 

Anal. Calc. for C,,H,,NO,: C, 56.07: H, 4.71: N. 4.36. Found: C, 56.33: 

H. 4.92: N, 4.3s. 

/-O-rlcet~~1-4.6-O-ht~~~~~:1~l~dt~e-2.3-dilieo.u~~-3-tri~ro-~-~~ryt hro-he.v-?enop_lsranose 

(7). - Trcalment of S 1380 m.g) nith sodium hydrogencarbonate (280 mg) in distilled 
benzene (I 2 ml) for 20 h under the conditions used for the preparation of 6 gave a 

cqstslline residue. Recqsrsllizsiion from hsxnne-ethyl acetnte afforded 215 mg 

91%) of 7, m.p. 1X-136’, [a]: - 120’ (c I. chloroform): I’,._ 1760 (CO) nnd 

1530cm-’ (nlhenic nirro goup). 

Anal. Calc. for C,fH,jNO-: C. 56.07; H. 4.71: N, 4.36. Found: C, 56.29; 

H. 4.G: N. 4.33. 
/-O-.-lcz~~l-‘-a=ido-l.6-~-bt-n~~ fldme- ,3,3-di(ft~o.t4’-3-ni[ro-B-D-gbtcop}.ranose (8). 

- To a solution of 7 (107 ms, 0.33 mmol) in distilled retrahydrofuran (I I ml) at 0’ 

ws added ;i chloroform solution of hqdrazoic acid (0.4 ml, h 1.8~). The mixture 

~3s stirred for 2_i mln AC 0’ snd then c\,aporated in L’UCIIO to gi\c an n.m.r.-specrro- 

scopically pure, cqstalline r&due. \ihich \%as recrystallized from ethanol to gike 

103 m.g (MY;) of 8: m.p. 130-131 ‘, [.z]i” -37.2’ (c I, chloroform); I*,.,,~~ 21 10 (N3). 

1765 and 1760 (CO). and 1560 cm- ’ (NO,\. 

Aural. Cafe. for C,SH,,N,O-: C, 49.15: H, 4.43: N. 15.3% Found: C. 49.45: 

H. 4.48: N, f5.31. 

Compound 8 was obtained in Sh’?b yield when 7 ~3s treated with hydrazoic acid 

in chloroform for 3 h at room temperature. 

I-0-,-1ce:~d-4,6-0-bet~~~~lid~~~le-~-c.~~a~~o- _‘.3-djd~lo.r?~-3-i/irro-~~-~-~~a~lnop~ratloje 

(9). - To a solution of 6 (I61 mg. 0.5 mmol) in acetonitrile (8 ml) in the presence of ZL 

catnl}tic amount of potassium cyanide (1.1 mg) st 0’ was added a solution of 

hydrogen cyanide (-. 3 mmoi) in acetonitrile. The nlixturz was stirred for 3 h at 0” 

and then cLaporated i~r Laruo. The rcsidus (177 mg) %kas washed with water and 

cqst3llized from ethanol to give 145 mg (SSY:l) of 9: m.p. 207’ (dec.). [‘z]i” + 10.8” 

(c I. chloroform); rmIr 3750 (CO) and 1560 cm- ’ (NO,). 

Anal. Calc for C,,H,,N,O,: C, 55.17; H. 4.63; N, 8.0-L Found: C, 55.29; 

H. 4.59; N. S.01. 

I-0-.-Ic+I l-,‘-a~ido-~.6-0-6~n~~.fidene--7,3-dideo.~~~-3-ni~ro-u-~-manrto~~~ranose 
(10). - To ZI solution of6 (161 mg, 0.3 mmol) in dlstillsd terrabydrofuran (16 ml) at 
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0’ was added a chloroform solution of hydrazoic scld (0.5 ml. - 1.8~). The mixture 

was stirred for 25 min at 0” and then evaporated to gike a cryz,talllne residue, which 

was recqsstalllzed from ethanol, affording :50 mg (S2%) of 10: m.p. 1X-133’, 

[a]2 -I- 12.0’ (c !, chloroform); vmdK 21 IO (N,). 1750 (CO). and 1560cm- (NO,). 

rlnal. Calc. for C,5H,bNa07: C, 49.45; H, 1.43; N. 15.3% Found: C. 49.49: 

H, 4.45; N, 15.19. 

I-0-AcetJvl--7- a:ldo-3,6-O-ben:ylidetw- ~,3-did~o.~_:~-3-nitro-;l-o-g/~~cop~rano~~ 
(111. - A chloroform solution of bydrazoic acid (0.4 ml, - 1.8hr) was added to 6 

(32.1 ml. 0.1 mmol). The crystals dissolved immediately. The mixture v,‘as kept for 

3.5 h at room temperature and then evaporated irl l’acuo to give a crystalline residue 

consisting of 10 and 11 in the approximate ratio of 3:7 (as determined by its n.m.r. 

spectrum). in 95% yield (34.6 mg). Recrystslhzation of rhc crude producr (101 mg) 

from ethanol gave tivo crystalline fractions. The first crop was 11 (66 mg). m.p. IS6.5- 

lS7.5”, [rl];’ + 105’ (c I, chloroform): I~,,_ 2100 (NJ), 1757 (CO), and 1560 cm- ’ 

(N(A). 
Armi. Calc. for C,,Hiti07: C, 49.15: H, 1.13: N, lS.38. Found. C. 49.6-F: 

H, 4.52: N, lK7j. 

The second crop (76 mg) was 10. identical by 1.r. and n.m.r. speciroscopy \\ith 

the product already drscrlhrd 
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