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ABSTRACT 

The reactions of D-mannose arylhydrazones with dimethyl acetylenedicarbo- 

xylate under acidic conditions afforded the respective pentahydroxypentylpyrazoles. 

With the phenyl- and p-tolyl-hydrazones, the respective enehydrazones were also 
obtained. The new pyrazoIe derivatives gave penta-acetates and oxidation with 

sodium periodate gave pyrazole-3-carbaldehydes. The ‘H-n.m.r. coupling constants 

of the penta-acetates indicated that each polyol side-chain adopted a planar zigzag 
conformation. 

INTRODUCTION 

Aldohexose aryl- or alkyl-hydrazones react with dimethyl acetylenedicarbo- 
xylate (DMADC) in neutral medium, to afford’*” the respective enehydrazones, as 

unique products, in moderate yields. Each product contains a pentahydroxypentyl 
side-chain, and the configurations around both the C=C and C=N bonds were 

proved to be E. The reaction is complex and there is some controversy3-5 about its 

mechanism. With simple aldehyde hydrazones, a pyrazole derivative is one of the 

products3 - 5, the formation of which requires an addition reaction followed by 
dehydrogenation. 

Few pentahydroxypentylpyrazoles have been described6. Tronchet et al. ’ 

synthesised C-glycosylpyrazoles from active acetylenic compounds and O-protected 

2,.5anhydropentose arylhydrazones having one bromine substituent on C-l as the 

leaving group. We now report the synthesis of pentahydroxypentylpyrazoles by the 
acid-catalysed reaction of o-mannose arylhydrazones and DMADC. 

RESULTS AND DISCUSSIOh’ 

The phenylhydrazone (la),p-tolylhydrazone (lb), andp-bromophenylhydrazone 
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(lc) derivatives of c-mannose were used, and the reactions with DMADC (2) were 
performed at room temperature in N,iV-dimethylformamide containing acetic acid, 
to give 1423% of the corresponding pentahydroxypentylpyrazoles (4a-c). The 

formation of these products involved an oxidation stage and, althoqh air was 
bubbled through each reaction mixture, substantially the same results were obtained 

without an air-stream. The reactions were monitored by t.1.c. The enehydrazones 
3a and 3b were also isolated from la or lb, respectively, but they are best prepared 

in the absence of acetic acid’. Compounds 3a and 3b did not cyclise under the 

conditions used for the preparation of the pyrazoles and hence they are not inter- 
mediates in the formation of the latter products. 

Each pentahydroxypentylpyrazole (4) gave a penta-acetate (5), and oxidation 

with sodium metaperiodate afforded a 3-formylpyrazole (6) in high yield. Since it is 
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rotations were measured with a Perkin-Elmer 141 polarimeter (IO-cm cell)_ 1-r. 
spectra were recorded, for KBr discs, with a Perkin-Elmer 399 grating spectrophoto- 
meter. U.V. spectra were recorded with a Spektralphotometer DMR 11 Zeiss in- 

strument_ ‘H-N.m.r. spec tra (90 MHz) were recorded at 35.5’ with a Perkin-Elmer 

R-32 spectrometer (locked on the signal of internal Me,Si), and coupling constants 

were measured directly from spectra recorded at 300-Hz sweep-width. T.1.c. was 

performed on silica gel GFzs3 (Merck) with benzene-ethanol (3 : I), and detection 

with U.V. light and iodine vapour. Consumption of periodate was determined by a 

method based on the Fleury and Langei procedure_ 

DiJnetllyi 3-(~-m~nnO-peJltitO~-~-~~)-~-p~JeJl~~p~~ra~O~e-4,5-diCarbO_~~~~ate (da), - 

Acetic acid (0.16 mL) and DMADC (2; 0.5 mL, 4 mmol) were added to a stirred 
suspension of D-mannose phenylhydrazone’* (la; 0.73 g, 2.7 mmol) in _V,fV-dimethyl- 

formamide (20 mL). The mixture was stirred at room temperature until the solid 

had dissolved (3 days), and then stored for 1 month. The solvent was removed irt 
IWCZ~O, and the residue was extracted with ether (5 x 10 mL). The resulting syrup 
was treated with ethyl acetate (25 mL), and the solid residue (4a, 117 mg) was collected 

and washed with cold ethyl acetate. The combined filtrate and washings were con- 
centrated and, after storage for 3-5 days in a refrigerator, more (130 mg) 4a was 

obtained (total yield, 23 %), m-p. 172-173” (from ethanol); [z];” - 19O, [~]::a 
-2O”, [&J& -25”, ~~]~~s -4O”, [x]::~ -143” (c OS, pyridine); i-z;:” 254 nm 

(e 7,600); I’,,, 1715 (ester C=O) and i530 cm-’ (C=N). See Table I for p.m.r. data. 

Anal. Calc. for C1sH2zNZ09: C, 52.68; H, 5.40; N, 6.83; reduction equiv., 

51.30. Found: C, 52.83; H, 5.47; N, 6.45; reduction equiv., 50.00. 

The enehydrazone 3a (334 mg, 3072) crystallised from the mother liquors_ 
DinzetJJyI 3-(perzta-O-acet~l-~-manno-perJtito~-1-~~1)-i-pherJ)-lp~~ra~oole-4,5-dicar- 

boxylate (5a). - A solution of 4a (0.10 g, 0.24 mmol) in pyridine (I mL) was treated 
with acetic anhydride (0.7 mL) overnight at -0” and then poured into ice-water 

(20 mL), to yield 5a (0.11 g, 73 %), m-p. 96-97” (from ethanol-water, 3: 1); [XI:’ 

+27”, [~];;a +29”, [a-& +34”, [z]fz6 +63”, [~]zjJ~ + 112O (c0.375,chloroform); 

Y maJL 1740 (ester C=O plus acetate) and 1530 cm-’ (C=N). See Tabie I for p.m.r. 
data. 

Anal Calc. for C,eH,,N,O,,: C, 54.19; H, 5.20; N, 4.51. Found: C, 54.31; 

H, 5.32; N, 4.48. 
Dinzethyl 3-forJxyI-I-plreny’pyrazol-4,5-dicarboxylate (6a). - A solution of 

sodium metaperiodate (0.5 g) in water (15 mL) was added to a stirred suspension 
of 4a (0.20 g, 0.49 mmol) in ether (15 mL), and the mixture was stirred for 1 h. The 

organic phase was separated and the aqueous phase was extracted with ether (2 x 

15 mL). The combined and dried (NazSOS) extracts were concentrated, to yield 6a 

(115 mg, 82x), m-p. 105-106” (from ether-light petroleum, 1: 1); ~~~~” 246 nm 

(s 11,400); v,,, 1740 and 1725 (ester C = 0), 1690 (aldehyde C = 0), and 1530 cm- ’ 
(C=N). P.m.r. data (CDCI,): S 3.86, 3.98 (2 s, 6 H, 2 CO,Me), 7.52 (s, 5 H, Ph), 
and 10.30 (s, 1 H, CHO). 
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Anal. Calc. for C,,H,=N20S: C, 58.33; H, 4.20; N, 9.72. Found: C, 58.48; 
H, 4.25; N, 9.68. 

DitzzetlzyC 3-(D-manno-pezztitol-~-~~-I-(p-to~~llp?,ra=o~e-d,S-dicarbo~~late (4b). 

- Acetic acid (4 mL) and DMADC (2; 8.5 mL, 66.5 mmol) were added to a suspension 
of D-mannose p-tolylhydrazone” (Pb: S-0 g_ 25.2 mmol) in NJ-dimethylformamide 
cl80 mL)_ The misture \vas stirred until the solid had dissolved (3-4 days), and then 
kept at room temperature for 12-15 days. The solvent was then removed under 
diminished pressure, the resulting syrup was triturated with ether (4 x 100 mL), 
and a solution in ethyl acetate (135 mL) was kept at room temperature for 24 h, to 

yield a misture (3-3 g) of 4b and 3b, which was recrystallised from ethanol (25 mL), 
to give 4b (0.9 g)_ m-p. 176-177” (softening at 159-160”) (from ethanol). The mother 
liquor was concentrated to half volume, yielding, after several days, more of the 

mixture (I .5 g), which was treated as described above, to afford 4b (0.7 g: total yield, 

147;); [Xl;2 -IS”. [x]& - 19”, [z]& -22”, [z]& -39”, [XI:& -S7” (c 0.5, 
pyridine); ;_E$ti 261 nm (E 11,500); vm,= 1720 (ester C=O) and 1530 cm-’ (C=N). 
See Tdble I for p.m.r. data. 

tinal. Calc. for C,,H2,N,0,: C, 53.77; H, 5.70; N, 6.60; reduction equiv., 
53.05. Found: C, 53.SO: H, 5.65; N, 6.51: reduction equiv., 53.33. 

The acyclic product 3b (3.5 g, 32 %) crystallised later from the ethanclic solution_ 
Dilzzetlzyi 3-(penta-O-acet~-~-D-manno-petztito~-i-~T)-I-(p-to~~~~p~ra~o~e-~,~-di- 

carboxxlate (5b). - Conventional treatment of Jb (0. IO g, -0.24 mmol) with pyridine 
(1 mL) and acetic anhydride (0.7 mL) yielded 5b (115 mg, 77x), m-p_ 123-124O: 
CY]:~ i-21”, [z]& i23O, b]& +243, [z]& ;55.5”, [z-j:;, +107” (c 0.5, 
chloroform): \vrnnr i 740 (ester C = 0 plus acetate) and 1530 cm- 1 (C = N). See Table I 

for p-m-r. data. 
&al. Calc. for GsH,,N20,,-H20: C, 53.37: H, 5.56; N, 4.29. Found: C, 

5X62; H, 5.27; N, 4.24. 

L)inzetlzyl 3-form+I-(p-tof~l)pw-a~ole-4,5-te (6b). - A solution of 

sodium metaperiodate (0.5 g) in water (15 mL) was stirred with a suspension of 4b 
(0.20 g, 0.47 mmol) in ether (15 mL) at room temperature for 1 h. The aqueous phase 
was extracted with ether (2 x 15 mL). The combined and dried (Na,SO,) extracts 
were concentrated to a syrup, which was crystallised from ether-light petroleum, to 

yield 6b (95 mg, 67 %), m.p. 81-82”; ;xzz” 253 nm (E 11,600); \vrnnx 1740-1700 

(ester C=O plus aldehyde) and 1530 cm-’ (C=N). P.m.r. data (CDCl,): S 2.42 (s, 
3 H, Me), 3.85, 3.97 (2 s, 6 H, 2 CO?Me), 7.10-7.45 (m, 4 H, aromatic protons), 
and 10.20 (s, 1 H, CHO). 

_4nal. Calc. for C,,H,,N,O,: C, 59.60; H, 4.67: N, 9.27. Found: C, 59.62; 
H, 4.78; N, 9.41. 

Dimetlzyl i-(p-bromophen~i)-3-(~-manno-pe~ztitol-i-~~)p~ro~o~e-4,5-dicarbo_~~- 

iate (4~). - DMADC (2; 7 mL, 54 mmol) was added with continuous stirring to a 
suspension of the arylhydrazonelG lc (S-0 g, 23 mmol) in N,N-dimethylformamide 
(180 mL) containing acetic acid (3.3 mL). After the solid had dissolved (5 days), the 
solution was kept at room temperature for 1 month and then concentrated in racuo. 
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The resulting, brown syrup was extracted with ether (4 x 100 mL), and then a solution 
in ethyl acetate (150 mL) was kept at room temperature overnight. The solid was 
collected, and washed with cold ethyl acetate: to give 4c (0.9 g)- Storage of the mother 
liquors gave more 4c (i-0 s; total yieid, 17%), m-p. 193-194” (softening at 151-152”) 

(from methanol); [r]:’ -15”, [z]zf8 -16”, [z]& -17.5”, [z-j:<, -32”, Cz]zG, 
-63” (c 0.5, pyridine); LLf;zH 262 nm (a 14,500); v)mnx 1730, 17 15 (ester C = 0), and 
1530 cm- r (C=N). See Table I for p.m.r. data. 

Anal. Calc. for C,8H1,BrN,09: C, 44.19; H, 4.33; Br, 16.33; N, 5.72; reduction 
equiv., 61.16. Found: C, 44-14; H, 4.36; Br, 15.32; N, 5.65; reduction eyuiv., 62.00. 

Ditnethyl i-(p-bromophs~~~l)-3-(pe~~ra-O-ace~~l-D-manno-pe~rltitoI-i-~l~p~r-a~ole- 

4.5cficarbosJ*Zate (5~). - Conventional treatment of 4c (0.10 g, 0.20 mmol) with 
pyridine (1 mL) and acetic anhydride (0.7 mL) yielded 5c (0.13 g, SS “4). m-p. 107- 
10s’ (from ethanol-kvater); [%]g’ i27.5”, [z]s& -k-29”, [z]& i33”, @I::, +65”, 

F;ib$mz ,‘2 1 o (c 0.46, chloroform); I’,,,, 1740-1715 (ester C=O plus acetate) and 
(C=N). See Tab!e I for p.m.r. data. 

Anal. Calc. for C,H,,BrN,O,,: C, 48.08; H. 4.47: Br, 11.42; N- 4.00. Found: 
C, 48.04; H. 4.46; Br, 11.23; N, 4.00. 

Ditnedyl I-(p-brot;loplte~l~~l)-3-fo~~)~~.lp~’~a=oie-J,5-cJicarbos~.late (6~). - By the 
procedure described for the oxidation of 4b, 4c (0.20 g, 0.40 mmol) was converted 
into 6c (0.12 g, 77%), m.p. 101-102” (from ether-light petroleum 1 :2); A$:‘* 
257 nm (E 13,700j: \trnlr 1715 (ester C=O), 1690 (C=O aldehyde), and 1530 cm-’ 
(C=N). P.m.r. data (CDCI,): 5 3.S5, 3.95 (2 s, 6 H, 2 C02Mej, 7.19-7.70 (m, 4 H, 
aromatic protons), and 10.20 (s, 1 H, CHO). 

Allal. Calc. for C,aH,,BrN20,: C, 45.50: H, 3.02; Br, 21.76; N, 7.63. Found: 
C, 45.72; H, 3.10; Br, 21.38: N, 7.69. 
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