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ABSTRACT 

The reaction between 2-(benzylamino)-2-deoxy-D-glycero-L-gfuco-heptose 

and 5.5dimethyl-1,3-cyclohexanedione yields l-benzyl-4.5,6,7-tetrahydro-6,6-di- 

methyl-2-(D-galacto-pentitol-1-yl)-indol-4-one (2). Acid-catalyzed, intramolecular 

dehydration of 2 under kinetically controlled conditions gives l-benzyl-4,5,6,7- 

tetrahydro-2-cY-D-lyxofuranosyl-6,6-dimethylindol-4-one; the anomeric configura- 

tion of this compound is only suggested. When the dehydration reaction is con- 

ducted under thermodynamically controlled conditions, it produces a 1: 1 mixture 

of the (Y- and P-D-lyxopyranosyl compounds. The structures of the new compounds 

were elucidated by chemical and physical methods. 

INTRODUCTION 

In studies on the preparation of C-nucleoside analogs, we have recently de- 

scribed the dehydration of some D-ga/acto-pentitol-l-y1 derivatives of pyrrole and 

tetrahydroindol-4-one . I-3 In that work, we had not described dehydration prod- 

ucts having furanoid structures, and we presumed that the dehydration of these D- 

galucto compounds led exclusively to pyranoid products under conditions of kinetic 

or thermodynamic control. We now describe the dehydration of the new com- 

pound 1-benzyl-4,-5,6,7-tetrahydro-6,6-dimethyl-2-(~-galucto-pentitol-l-yl)-indol- 

4-one (2) that yields l-benzyl-4.S.6,7-tetrahydro-2-a-~-lyxofuranosyl-6.6-di- 

methylindol-4-one (6) under kinetically controlled conditions. If the reaction is 

thermodynamically controlled, it produces a 1: 1 mixture of the c~ and p pyranoid 

compounds 8 and 10. 

The starting material for these syntheses was 2-(benzylamino)-2-deoxy-D- 

glycero-t_-gluco-heptose (1). a compound not hitherto reported. 

*Taken. m part, from the Ph. D. Thew of M.A.A A. 
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tion of its pentaacetate (3) and pentabenzoate (4). The coupling constants between 

the chain-protons of 3 demonstrated the preponderance of the conformation hav- 

ing the planar. zigzag arrangement of carbon atoms I’-5’. No unfavorable, parallel 

1,3-interaction’ of acetoxyl groups is present in this arrangement. 

OAc 
AcO ,>’ H ,,’ 

Aco*It 

H OAc H 

3 
o-galacfo 

Het = heterocyck group 

The trifluoroacetic acid-catalyzed dehydration of 2 can lead to anhydro de- 

rivatives having furanoid or pyranoid structures. depending on the reaction condi- 

tions. Thus, when the reaction mixture was made neutral with resin immediately 

after t.1.c. had revealed the total consumption of starting material, l-benzyl- 

4,5.6,7-tetrahydro-2-a-D-lyxofuranosyl-6,6-dimethylindol-4-one (6) was the only 

product isolated. The furanoid structure of 6 was demonstrated by its p.m.r. spec- 

trum [(CD&SO], which showed two doublets and one triplet, consistent with two 

secondary hydroxyl groups (on C-2’ and C-3’) and one primary hydroxyl group (on 

C-5’); in addition, compound 6 reduced 1 mol of sodium metaperiodate, indicative 

of two contiguous hydroxyl groups. The J,,,2 I value (8.0 Hz) did not allow assign- 

ment of the anomeric configuration. The (Y configuration is only tentatively as- 

signed. on the basis of the larger steric repulsions that must be present in the 

/3 anomer, suggesting that the (Y anomer is the principal product, in agreement with 

the mechanism proposed for these reactions”. 

The preponderant conformation of the glycosyl moiety of the triacetate 7 

must be EZ. The J,,,2, value (7.6 Hz), corresponding’,” to a torsion angle of 

4H_i’,7, = 156”, is in agreement with this conformer. The observed values of 

JZ,,3, (5.0 Hz) and J3r.1, (7.4 Hz) closely match the values calculated for this confor- 

mation. 

In contrast. when the reaction mixture from the dehydration of 2 is processed 

without neutralization of the acid, a mixture of the cy- and P-pyranosyl compounds 

8 and 10 was obtained in good yield (94%); this mixture was also obtained by heat- 

ing an acidified, aqueous solution of 6. Compounds 8 and 10 could be separated by 

6 R=H 

7 R=Ac 7-E, 
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6 R=H 10 R-H 
9 R=Ac I? R=Ac 

column chromatography. These products consumed two mol. equib. of sodium 

metaperiodate, and showed three doublets for the hydroxyl protons in their p.m.r. 

spectra [(CD3j2S0]. in accord with the pyranoid structures proposed. The 

J,,.z3 values of 9.0 and <I )Iz for 8 and 10, respectively, indicated ,!3 and CY confgu- 

rations and ‘CY, and !C, conformations. The p.m.r. data for their triacetates 9 and 

11 are also in agreement with those assignments. On the other hand. the p.m.r. 

spectrum recorded for the anomeric mixture of 8 and IO showed that these com- 

pounds are obtained in the ratio of I : I. 

These results are similar to those obtained in the acid-catalyzed dehydration 

of D-gluco- and I>-munno-pentitol-I-ylpyrroles’~’, and indicate that the furanoid 

compound 6 must be the kinetically controlled product. and rhc pyranoid com- 

pounds 8 and 10 must be the thermodynamically controlled products. 

F.XPEKIMENTAL 

General methods. - Solutions were evaporated irr vacua at temperatures 

below 40”. Melting points wcrc determined with a Gallenkamp apparatus, and are 

uncorrected. Optical rotations were measured at 20 312” with a Prrkin-Elmer 141 

polarimeter (10-cm cell). l’.l.c. was performed on silica gel C;F2s4 (Merck) with 3:2 

benzene-ether (solvent A) or 3: 1 ethyl acetate-ethanol (solvent I?). and detection 

with U.V. light or iodine vapor. Paper chromatography was pcrfc>rmed on Whatman 

No. 1 paper with 1: 1 : I I-butanol-pyridine-water as the eluant. :rnd hilvcr nitrate- 

sodium hydroxide as the indicator. Column chromatography was performed in the 

“flash” mode”‘, with 10: I ethyl acetate-ethanol as the eluant. i.r. spectra (KBr 

discs) were recorded with Beckman IR-32 and Perkin-Elmer 399 spectrc?photomet- 

ers, and U.V. spectra with Beckman DB-G and Pye-Unicam SP-8 250 instruments. 

P.m.r. spectra (90 MHz. internal Me_&) were recorded at’3.5.5 with a Perkin-- 

Elmer R-32 spectrometer, and coupling constants were measured directly from 

spectra recorded at 300-Hz sweep-width. Assignments were contirm4 by double- 

resonance cxperimcnts. 

Consumption of pcriodatc and formation of formic acid were dclcrmincd as 

previously dcscrihed! ‘.I.‘. 

.!-(13en;vlr~r,lino)-l-d~~o.~~-~)-~l~cer~~-~.-gluc(~-~~~~~~~).s~~ ~l?,rlroc.lllilriti~l ( 1). -- A 

solution 01 2:( bcnz!,lomino)-?-de3xy-,.~-‘~~~~~,~~,-t--~~~~~.~~-tiept~)n~,,iitrile’.’ (h g. 31) 

mm(d) in W hydrochloric acid (50 mL.) was h\ldrogcnatcd at atmospheric pressure 

and room tcmperalure in the prcsencc ol’ IO’,; p~~llndium-on-h~lriuln sulfate (2.5 p). 



NEwC-NUCLEO~IDEANALOGS 259 

Paper chromatography showed the formation of 1 (I?, 0.50), and, after three days, 

the spot for the nitrile (RF 0.83) had almost disappeared. Then, the catalyst was 

filtered off, and the filtrate was concentrated until crystals of ammonium chloride 

appeared; these were filtered off, the filtrate was evaporated. and the syrupy re- 

sidue was treated with methanol (10 mL), to give crystals of 2-amino-2-deoxy-D- 

glycero-L-gfuco-heptose hydrochloride’ (R, 0.39) that were collected by filtration. 

The filtrate was concentrated, and the residue was repeatedly evaporated with 

ethanol and benzene, to yield almost pure, amorphous 1 (3 g) that was used in the 

next step without purification. 

I-Benzyl-4,5,6, 7-tetrahydro-4,6-dimethyl-2-(~-galacto-pentitol-I-yl)-indol-4- 

one (2). - A solution of crude 1 (2.45 g) in water (15 mL) was treated with 5,5-di- 

methyl-1,3-cyclohexanedione (1.02 g, 7.3 mmol) in 11:4 acetone-water (15 mL). 

The mixture was made neutral with sodium carbonate (0.39 g, 3.6 mmol). kept for 

ten days at room temperature, and the acetone evaporated under diminished pres- 

sure, to give 2 as white crystals that were collected by filtration. The mother liquor 

yielded a second crop of crystals. Recrystallization from 1: 3 acetone-water gave 

pure 2 (0.61 g, 21%); m.p. 179-181”, [(~]r, +6” (c 0.5, pyridine); A,$?” 251 and 

282 nm (E,~ 10.60 and 7.40); vmaX 3350 (OH). 1620 (C=O), and 1475 cm-’ (C=C 

aromatic); periodate consumption: 4.12 mol. 

Anal. Calc. for CZ2H7,N0,: C, 65.50; H, 7.19; N, 3.47. Found: C, 65.72; 

H, 7.08; N, 3.44. 

I - Benzpl-4,5,6, 7-tetrahydro-6,6-dimedzyl-2-(penta-O-acetyl-D-galacto-penti- 

tol-I-yli-indol-4-one (3). - A suspension of 2 (0.12 g, 0.3 mmol) in pyridine (0.9 

mL) and acetic anhydride (0.5 mL) was kept for 24 h at 0”. The resulting solution 

was poured into a mixture of ice-water (20 mL) and sodium hydrogencarbonate 

(0.4 g). Compound 3 solidified on scratching, and was filtered off and successively 

washed on the filter with cold water and light petroleum; yield: 0.17 g (94%); m.p. 

69-71”, [(Y],) +62” (c 0.5, chloroform); A:::” 248 and 277 nm (E,,,~ 6.10 and 5.10); 

vmau 1745 (C=O ester), 1650 (C=O ketone), and 1475 cm -’ (C=C aromatic); 

p.m.r. data (CDCl,): 6 7.456.95 (m, 5 H. phenyl group), 6.59 (s. 1 H, H-3), 5.80 

(d. 1 H. H-l’. J,,,2, 3.0 Hz), 5.41 (dd. 1 H. H-3’. J,,,i, 9.0, J3,,J, 2.0 Hz), 5.24 (m, 

2 H, CH,-Ph), 5.22 (m. 1 H, H-4’), 4.95 (dd. 1 H. H-2’), 4.21 (dd, I H, H-5’, 

J J,,s, 6.0, ,l.i,,5” 12.0 Hz), 3.81 (dd. 1 H. H-5”. Jj,.5s, 7.5 Hz). 2.55 (s, 2 H, H-5,5), 

2.35 (s. 2 H, H-7,7). 2.01 (s, 12 H, 4 OAc). 1.92 (s, 3 H, 1 OAc), and 1.09 (s, 

6 H, Me-6.6). 

Anal. Calc. for C37H39N01,: C, 42.63; H, 6.30; N. 2.28. Found: C, 62.46; 

H, 6.55; N, 2.39. 
I-Bmzyl-4,5,6, 7-tetrahydro-6,6-dirneth~l-2-{perzta-O-benzoyl-D-galacto-pen- 

titol-Z-yl)-zndof-4-one (4). - To a solution of 2 (0.1 g. 0.35 mmol) in pyridine (1 

mL) at 0” was added benzoyl chloride (0.16 mL), and the mixure was kept for 24 

h at 0” and poured into ice-water (100 mL) containing sodium hydrogencarbonate 

(0.2 g). The solid product (0.2 g. 86%) was recrystallized from acetone-water; 

m.p. 18&182”. [(~]r~ +50” (c 0.5, chloroform): A,$‘:” 233 and 275 nm (E,,,~ 29.70 
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and 3.W); c’,,,;,, 1710 (C-0 ester), IhSO ((‘=(I lxtonc). and 1475 cm ’ (c’=C 

aromatic): p.m.r. data (CDCI,): 6 8.05-6.75 (m. 30 H. phcnyl groups). 6.80 (I H. 

H-l’), 6.3) (I. 1 1-l. H-3’. J2..:. 3.0. J.,,.,,, 3.0 I-17). 6.04 (iii, 7 )I. I-l-.?.I!‘). 5.X3 (m. 

I H. H-4’. JJ*..<, 6.0. JJv.5, 6.0 14~). 5.26 (n-1. 2 H. C/I,-Ph). 4.4-I (d. .3 I-1. H-S’.S”). 

2.28 (s. 2 H. H-5,5), 2.13 (s. _’ H. H-7.7). and 0.32 (s. h i1. Mr-h.fr). 

Anal. Calc. for C~,H+,NO, ,: C. 74.10: H. S.31: N. 1 .S7. Found: c‘. 73.81: 

14. S.57: N. 1 .flr). 

I-Hmzyl-4.5,6, 7-tc~trtrh~~iro-6,t~-di~n~~tIiyI-J-o.ra-ir~~ir~lr~-_7-~t:rho.~nltl~~h~ci~~ (5). 

.-- A solution of sodium mct;lperi<>datc ((1.43 g. 2.0 mmol) in w’atcr ( I m1.) was 

added dropwise 10 a stirred solution of 2 ((I.;! g. 0.5 mmol) in ihc minimal volume 

of I : I xetonc--water with cooling at (1”. The product immediatclq heg:un to crystal- 

lize. and the suspension was kept for I h in ;I rcirigerator. ‘l‘hc crystals (0. 11 g. 

7S?) were collected. and i,ccrystallizcd from methanol---H.~ltr‘r: ni.p. 107--10.3”: 

A “V 235 and 29X nm (E,,,~, 17.hO and lS.OOj; ,1,.1x I:,,,,,~ IUS (C-0) and 1490 cm ’ 

(C=C aromatic); p.m.r. data (CDCI;): 6 0.58 (s. 1 H. fvrm~l group). ‘7.36 (4. 1 11. 

H-3). 7.X-Ch.80 (m, S H. phcnyl group). S.h2 (m. 2 H. (‘I/:-F%). Z.hll is. 3 H. H- 

S.5). 2.30 (s. 3 H. H-7,7). awl l.OY (s. 6 H. k-(,.6). 

AFZ~. Calc. for <,,H,J%(.)J: C.‘, 76.84: V. 6.81; N. J.08. Found: C. ?h.Y4: 

H. 6.72; N. 4.66. 

I -lknz~l-1.5.6. 7-i~~trr~hydro-_‘-c-~~-l~.~~~~~~r~i~~~~.~~l-~,~-~ii~~~~t~~~~l-i~~~i~~l-~-~~~it~ 

(6). - A solution of 2 (0.1 g. 0.3 mmolj in 3:2 ethanol-water (S ml.\ was treated 

with trifluoroacctic acid (0.1 mL). After 7 h at room tcmperaturc. 1.1.1:. (solvent Bj 

revealed the absence of 2 and the formation of one more-mohilc qx~t (RF 0.701. 

The mixture was made neutral with Ambcrlite IR-45 (HO I resin. and then watcl 

was added until crystalline 6 separated; this was collected. washed with several por- 

tions of cold water (0.04 g, 42% ). and recrystallized from incthanol-waler: m.p. 

175-177”. [Ly],, +Sh.S” (L O.S. pyridinc); A,:,::” 30 imcl .%(I nm (E,,)~, Y.50 ;Nld 

7.00); v,,,;,, 3460 (OH). lh.3) (C'=O), and 1480 cm ’ (C-C’ aroninticf: p.m.r. data 

[(CD,),SO]: fi 7.-l_(,.YO (m. S H. phcnyl group). 6.4s (s. 1 H. H-3). 5.77 (s. 2 H. 

CII:-Ph). 5.0’) (d. I OH). 4.79 (d. 1 OH), Ll.S? (d. I H. H-l’. .I;, :’ ,s:.o Hz). 4.4s 

(I. 1 OH. OH-S’). 3.40-3.30 (m. 5 H, H-3’.3’.-1’,5’.5”). 2.3) (s. 2 H. H-5.5). 1.13 

(s. 2 H. H-7.7) , and O.YX (s. 6 H. Mc-0.6): periodatc consllmplion: 1 .0X mol: for- 
mic acid formed: 0.00 mol. 

Anul. c’;~lc. for (.‘~~H?,NO~ . I_IO: i‘. 65.19: i1. 7.Z-I: N. .;.17. Found: 

C. 6S.52; H. 7.02; N, 3.63. 

7 -Renzyl-4,.5,6, 7-tetrahpdro-6.6-dimethyl-2-~2,.3,.F-tri-C~-acetyl-tu-~-l~xc~~ura- 

nosyl)-indol-l-one (7). .-._- A solution of 6 (0.12 g. 0.31 mmol) in pvridine (0.9 mLj 

and acetic anhydride (0.5 ml_) was kept for 24 h at 0”. and then poured into ice- 

water (20 mL) containing sodium hydrogencarbonate (0.15 g). The solid 7 (0.13 g. 

81%) was filtered off, washed with water, and recrystallized from methanol-water: 

m.p. 108--lW”, [~y]r~ +45” (c 0.5. chloroform); A,:;:,‘$’ 24X and 275 nm (E,,~, IO..50 

and 8.20); I+,,,,* 1735 (C-O ester). 16.50 (C-0 ketone). and 14~0 cm ’ (c=(? 
aromatic); p.m.r. data (CDC13j: 8 7.42-6.85 (m. S H. phenyl group). 6.62 (s, I H. 
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H-3), 5.64 (dd, 1 H, H-3’, 52,,3, 5.0, J.1’,4, 7.4 Hz), 5.56 (dd, 1 H, H-2’, J1’,2, 7.6 

Hz), 5.23 (m, 2 H, CH,-Ph), 4.97 (d, 1 H, H-l’), 4.43 (m, 1 H, H-4’). 4.19 (m, 2 

H, H-5,5”), 2.48 (s, 2 H, H-5,5), 2.33 (s, 2 H, H-7,7). 2.08 (s, 3 H. 1 OAc), 1.99 

(s, 3 H, 1 OAc), 1.97 (s, 3 H, 1 OAc), and 1.04 (s, 6 H. Me-6,6). 

Anal. Calc. for CZ,H,,NOs: C, 65.75; H, 6.46; N, 3.74. Found: C, 65.98; 

H, 6.72; N, 2.77. 

l- Benzyl-4,5,6, 7-tetrahydro-2-cu-D-lyxopyranosl-6,6-dimethyl-indol-4-one 
(8) and I-henzyl-4.5,6, 7-tetrahydro-2-~-~-lyxopyranosyl-6,6-rtimeth~l-indol-4-one 
(10). - (a) To a solution of 2 (0.1 g, 0.25 mmol) in 3:2 ethanol-water (5 mL) was 

added trifluoroacetic acid (0.1 mL). and the mixture was kept for 7 h at room tem- 

perature. T.l.c. (solvent B) then showed one only spot (I?, 0.70), corresponding to 

6. The solution was evaporated under diminished pressure to give a syrup that crys- 

tallized from 9: 1 water-ethanol (0.09 g, 94%). The crystals were a mixture of 8 and 

10 (R, 0.74 and 0.63. solvent B), which was partitioned by column chromatog- 

raphy. Evaporation of the fractions containing 8 yielded this product (40%); re- 

crystallized from acetone-water, m.p. 198-200”. [a][, + 1.5” (c 0.5. pyridine); 

AntoH 250 and 280 nm (E,,,~ 8.30 and 5.50); v,,‘,, 3280 (OH), 1620 (C=O). and mdX 
1480 cm-’ (C=C aromatic); p.m.r. data [(CD,),SO]: 6 7.58-6.90 (m. 5 H. phenyl 

group), 6.43 (s. 1 H, H-3), 5.25 (m, 2 H. CH,-Ph), 4.87 (m, 2 OH). 4.57 (d. 1 OH), 

4.38 (d. 1 H, H-l’, Jr,,2V 9.0 Hz), 4.10-3.40 (m, 5 H. H-2’,3’,4’.5’,5”), 2.50 (s, 2 H, 

H-5,5), 2.21 (s, 2 H, H-7,7), and 0.96 (s, 6 H. Me-6.6); periodate consumption: 

2.08 mol; formic acid formed 0.98 mol. 

Anal. Calc. for C7ZH,7N05 . H,O: C, 65.49; H. 7.24; N. 3.47. Found: 

C, 65.76; H. 7.05; N. 3.57. 

Further elution of the column led to 10 (37%); recrystallized from acetone- 

water, m.p. 169-171”. [a],, -6” (c 0.5, pyridine); hi:i:‘H 252 and 280 nm (E,,,~ 8.70 

and 6.60): v,,, 3300 (OH). 1615 (C=O), and 1480 cm-’ (C=C aromatic); p.m.r. 

data [(CD,),SO]: 6 7.4886.82 (m. 5 H, phenyl group), 6.67 (s. 1 H. H-3). 5.23 (m. 

2 H, CH2-Ph). 4.83-4.58 (m, 2 OH), 4.22 (s, 1 H, H-l’, Jr,,,, <I Hz), 3.93-2.96 

(m, 6 H, H-2’.3’.4’,5’,5”, and 1 OH), 2.52 (s, 2 H. H-5.5). 2.22 (s. 2 H, H-7,7), and 

0.98 (s. 6 H, Me-66); periodate consumption: 2.08 mol; formic acid formed: 0.97 

mol. 

Anal. Calc. for CzZH2,NOs . 0.5 HzO: C, 66.99; H, 7.16; N, 3.55. Found: C, 

66.92; H, 7.26; N, 3.69. 

(bj The mixture of 8 and 10 was also obtained from 6, treated under the con- 

ditions described in (a). 

l-Benzyl-4,5,6.7-tetrahydro-6,6-dimethyl-2-(2,3,4-tri-O-~cet~~-~-D-l~xopy- 

ranosy1)-indol-4-one (9). - Acetylation of 8 (0. I g, 0.26 mmol) as described for 7 

gave the triacetate 9 (0.09 g, 70%); m.p. 9&92”. [~]r, -32” (c 0.5, chloroform); 

h&v” 248 and 275 nm (E,,~ 8.60 and 7.60); Y,,,, 1735 (C=O ester). 1645 (C=O 

ketone), and 1480 cm-’ (C=C aromatic); p.m.r. data (CDCIJ): 6 7.4886.84 (m, 5 

H. phenyl group), 6.69 (s, 1 H, H-3). 5.52 (dd. 1 H. H-2’. Jr,,2, 7.6, Jz,,3, 3.0 HZ), 

5.45 (m, 1 H, H-3’), 5.23 (m, 2 H, CH2-Ph). 4.92 (m. 1 H, H-4’, J_J,.j, 5.0 Hz), 4.66 
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