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Note 

Syntheses of 2-amino- and 2-(benzylamino)-2-deoxyheptonic acids 

Carbohydrate x-amino acids are intcrcsting not only because they may be 

regarded as snalogs of the sugar moiety of the polyoxlnst. hut also because, by 

reaction with nitrous acid. they yield anilydr-o sugars that arc uccf’ul intermediates 

in the synthrsis of C-nucleortdrs. 

We now report the prep::ration of ne% 2-bcnzylaminc,-3-dco~~heptonic acids 

(2) by hydrolysis or the 3-(benzylamino)-~-deoxqllcptononitrile~ habing the O- 

,~/.~“‘“/‘o-L-~~/u(.(, (la). u-,:!l’c’t’~o-n-rf/~~ (Ic ). and ~>-~~/_t’(.t./.~)-r)-falo (le 1 a~nfigurations:, 

already described in earlier studies on the amtnonitrilc synthesis (11‘?-3irtinn-17-deo?t~- 

beptoses’. The hydrolytic reactions were conducted by heating nqucnu~ sofuttnns of 

the nitriles, and, in 41 instances, the cpimcrization of C-I? tool\ place. In this Eva!. 

the six 3-(bcnzylamtno)-‘7-dc~~~~heptonic acids 2a-~2f were ohtaincd. 

Small proportions of ,~‘-benzylheptonun~tdes (5) were formed :a by-products. 

Tn the hydrolysis of la and Ic, thq u’erc isolated, and characterized by comparison 

of their properties with those ot‘ authentic samples’: in the cae 01 lc. the amide was 

only detected by t.1.c. These products may h~t\c beon formed b) h~drolysts of the 

amidines resulting from addition. to the ntninonitrilc, c)l‘ henr~laminc that might 

he Itberated by parttul decompoGtion of the aminonitrile d tiring the ltqdrc~lysis. 

By hydrogenolysi< of the benzyl group of compounds 2. t tic ‘-amtno-‘7-deox~- 

heptonic acids (3) were obtained. Compound 3a ~3s nlso synthe<tzt4 by oGdation 

of ?-amino-2-deouy-r~-,~/~~~~c~o-t.-,~/~r~~o-f~eptosc’ (da). 

000%6215/83/s 03.00, @ 1983 ~- Elsevier Science Publishers B.V. 
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TABLE I 

SPECIFIC OPTICAL ROTATIONS OF COMPOUNDS 2 AND 3, AND THEIR SODIUM SALTS: CONFIGURATION OF 

c-2 

Compounds [alo (degrees) 

Sodium salt Free acid 

Difference 

(salt -~ acid) 
Configuration 

of C-2a 

2a -47.1 -13.5 -33.6 S 
2b 110.0 18.0 $9.2 R 
2c -14.0 --IO.3 -3.7 s 
2d f9.2 - 1.3 +16.5 R 
2e -9.8 +2.4 -12.2 s 
2f +0.4 -5.0 t5.4 R 
3a +1.1 i~ll.1 -- 10.0 S 
3b +4.9 -6.2 i-11.1 R 

3c -6.2 t 4.4 -10.6 S 
3d 0.0 -17.2 mt17.2 R 
3e -3.4 t3.2 -6.6 S 
3f -6.6 -13.0 i 6.4 R 

%ee ref. 4. 

The proposed structures of the new compounds 2 and 3 are in accord with their 

elemental analyses and physical properties (including U.V. and i.r. spectra). The 

configurations of C-2 were assigned on the basis of the optical rotations of the acids 

and their sodium salts (see Table I), according to Levene’s rule4, which states that, 

if the configuration of C-2 is as in 2-amino-2-deoxy-D-gluconic acid [namely, (R)], 

the difference between the optical rotation of the salt and that of the free acid (salt - 

acid) has a positive value; but, if the configuration is as in 2-amino-2-deoxy-D- 

mannonic acid [that is, (S)], this difference has a negative value. 

EXPERIMENTAL 

General methods. - Solutions were evaporated in vacua at temperatures below 

50”. Melting points were determined with a Gallenkamp apparatus, and are un- 

corrected. Optical rotations were measured at 20 & 2“ with a Perkin-Elmer 141 

polarimeter (lo-cm, 5-mL cell) for solutions in 0. IM NaOH. including the change in 

optical rotation on acidification with two drops of 12M HCI. 1.r. spectra (KBr discs) 

were recorded with a Perkin-Elmer 399 spectrophotometer, and U.V. spectra with a 

Pye-Unicam SP8-250 instrument. Paper chromatography was performed on What- 

man No. 1 paper, by the ascending technique, with 1 : 1 : I I-butanol-pyridine-water 

as the eluant, and silver nitrate-sodium hydroxide or ninhydrin as the indicator. 

2-(Ben~~1famino)-2-deox?,-D-glycero-L-gluco-heytorzic (2a) and 2-(benzylamino)- 
2-deoxy-D-glycero-L-manno-/reptonic (2b) acids. - A solution of 2-(benzylamino)-2- 

deoxy-D-$_rcero-L-@co-heptononitrile’ (la; 5.0 g, 16.87 mmol) in water (60 mL) 

was heated for 2 h at 60”. During the reaction, a crystalline precipitate separated, 
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and was filtered off. successively washed with methanol and acetone. and dried 

(0.54 g, R, 0.94); this product was identified as n;-henzyl-2-(benzylamino)-2-d~oxy-o- 

‘~/~,ce~o-L-,~/~rco-heptonamidc” (Sa). The filtrate was cvapornted under dtminishcd 

pressure, and tnethanol kvas repeatedly added to. and evaporated from. the rchulting 

syrup, to give a solid rcsiduc (3.7 g, (,9”,, ) (R, 0.50 1. Several rcct-yst:tllizations from 

water afforded pure 2a (0.93 g), m.p. 229-231 (dec.). [~%]t, -17.1 [TI]~~~ J9.3 . 

[rlilc, 55.5 ~‘. [x:]~~~, x9.x . [X].xC,? 133.5 ((, I. (1.1~ NnOtl 1: afta acidtfication 

with 13~ HCI: [rr],, 13.5 , [3L]j7h -iJ.5’. j_Y;j5&, Ii,.1 . j_P]53c, ‘5.0 ‘, 

[Z]Jh.i 33.5’ : Al::: 205 and 361 nm (c,,~, 8.40 and I .7(j): I’,,,.,, 3~~00~-2-!00 (OH. 

NH;), 1605 (NH; ), I530 and 1400 (COO- ). 1495, 740, and h9i cm ’ (phenyl). 

Anal. Caic. for C,,HI,NO,: C. 53.33; IH, 6.71: N. -I.-I-l. Found. C‘. 53.75: 

H, 6.63: N, 4.20. 

Concentration of the mother liquors ga\e 2b: after sc\eral recrystallizations 

from water-ethanol. yield: 0.13 g; tn.p. X&207’ (dcc.), [c/jr) -t lO.O’, [:I]~-, 

+ 10.2 -1 [X] j,&(, + I I .U‘. [‘X]AJr, + l6.V. [x].~<,~ +X.7 ((, I. 0.1~ NaOH): after 

acidification with 12~ HCI: [x]~ +0.8 , [Y]~,~ s0.S . rz]54,, t0.X . [x]4_3h O.O', 

[IY]~~~ --I .9”; P.!:p 204 and 155 (F,,,~, 8.M) and 0.32); v,~,.,, 3h!X~~‘7300 (OH, YH,’ ). 

1600 and 1375 (CWY ). 1395, 745. and 695 cm -’ (phenyl). 

Ann/. Calc. for C,,H,,NO-: C. 53.33: H. 6.71: N, -t.-l-l. Found: C, 52.93; 

H, 6.69. N, 1.29. 

_‘-( Bt~n~~~k~~t77it70)--7-~~t~o.~1’-D-glyCCr-o-D-gUIo-l7t~/7tot7ic~ (2d ) ut7rJ ^7-(h,~ttzl,/ftttlitrCI)-3- 

cl’to.~.~~-r>-glycero-n-ldo-l7~~/)t~)~~~~~ (2~) cwitfs. -- A xolution of 2-f benrylamino)-Z- 

deoxy-r,-,~!l.c~lc,-r,-iclu-he~~t~~n~~tlitrile” (1~: 5.0 g. ih.X7 mtnol I iii \+ater (-IS mL) 

was heated for 2 h at 60 Paper chromatography revealed the formation of Wbenrq l- 

7-(benzylarnino)-2-deoxy-t~-~~lt~c~ulo-t,-i~o-he~t~~~i~~~~~tde (SC; RI O.W)+ identified by 

comparison with an authentic saniple.7. The reaction tniuturc was c\;tporated to :I 

syrup: methanol was repeatedly added. and cvaporatcd, IO gtct’ ;I solid residue 

(2.6 g, 19 “,;; RF 0.50). Several recrystallizattons from ~atcr Sordcd pure 2d ( I .‘_)h g): 

m.p. 180-182 (dec.). [Y],, ii).:! . rz;]578 -t-92 , [x]~+-(, +x.5 _ [&, i9.5 , 

[zx]~~~ + 10.6’ ((. 1. 0. IM NaOH); after actdification \vith 13~ HC1: [XI,, 7.3 -. 

EX-jj:, --7.8 . r’xj546 8.0’. 1^1143c, 157~‘. rX]30.i 2h.X ^. ;.;:;y ‘04 and ‘55 11111 

(C,,M 8.50 and 0.35): I’,,:,~ 3650-3300 (OH. NH: ), 1625 (NH:). Ii70 and 1400 

(COO- ), 1490, 755. and 700 ctn _ ’ (phenyi). 

AfIn/. Calc. for ClJH,,N07 . 0.5 f-I,O: C. 51.85; fH. h X-k; N. 1.33. Found. 

C. 51.93; H, 6.58; N. 3 23 

Concentration of the mother liquors gave 2c: after several recrystalli;rations 

from water-acetone, yield: 0 53 g: m.p. 163.. 165” (dec. ). [Y],, 14.0 . [X-jSTH 
~-15.0”, [x]s,<, --~ 17.2 , [xyjJ3,, 3X.X , [u]~(,~ 32.6 ((, 1, 0.1~ NaOH): after 

acidification with 13~ HCI: [~]t, 10.3 ‘, [T]s78 10.0’. [XITJ<, I?“. [_YIA_,<, 

~~~ 19.8 ‘, [X]jhj 19.1 ; ;I,tjy 203 and 255 nm (i: “,,, 8.XOand 0.32): I‘, ,,,* ~ 3600.~1300 

(OH, NH;). I600 (NH;. COO ), 1310 (COO--). 1390. 735. and 69ocm-’ (phenyl). 

Ann/. Calc. for Ct,N3,N0,: C, 53.33: H. 6.71. N. 3-U. Found. C‘. 53.78: 

H. 7.00: N. 3.55. 
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2-(Benzylamino)-2-deoxy-D-glycero-D-talo-keptonic (2e) and 2-(benzJslamino)-2- 
deoxy-D-glycero-D-gala&o-heptonic (2f) acids. - A solution of 2-(benzylamino)-2- 

deoxy-D-glycero-D-tale-heptononitrile* (le; 5.0 g, 16.87 mmol) in water (55 mL) 

was heated for 2 h at 60”. During the reaction, a crystalline precipitate separated 

(0.53 g, R, 0.94); it was filtered off, and identified as N-benzyl-2-(benzylamino-2- 

deoxy-D-&,cero-D-tale-heptonamide3 (5e). The filtrate was evaporated under 

diminished pressure, and the resulting syrup was treated by repeated addition and 

evaporation of methanol, to give a solid residue (3.9 g, 73”/,) (R, 0.50). Several 

recrystallizations from water afforded pure 2e (2.2 g); m.p. 189-191’ (dec.), [U]~ 

-9.8”, [~1]~~s -lO.O”, [c(]~~~ -11.4”, [cx]~~~ -20.6”, [a-j3,, -33.4” (c 0.5, 

0.1~ NaOH); after acidification with 12~ HCI: [U]~ f2.4”: [al578 +2.4”, [cz]~~~ 

+2.6”, [a]436 t-3.6”, [~1]3cj5 $5.2”; 1:;: 203 and 255 nm (E,,,~ 8.40 and 0.24); 

V max 3600-2000 (OH, NH:), 1620 (NH:, COO-), 1370 (COO-), 1490, 745, and 

700 cm-l (phenyl). 

Anal. Calc. for C,,H,,N07 * 0.5 H,O: C, 51.85; H, 6.84; N, 4.32. Found: 

C, 51.76; H, 6.84; N, 4.17. 

Concentration of the mother liquors gave 2f; after several recrystallizations 

from water-acetone, yield 0.65 g; m.p. 175-177” (dec.), [@I,, +0.4”, [c115,s +0.4”, 

[I~1546 +0.4”, Cc11436 -1.4”, [@.I365 -6.0” (c 0.5, 0.1~ NaOH); after acidification 

with 12~ HCl: [a&, -5.O”, [c115,s -5.4”, [a]546 -6.8”, [a]436 -11.4”, [c1]365 

-21.2”; i;;; 203 and 255 nm (E,~ 7.70 and 0.26); v,,~ 3600-2100 (OH, NH:), 

1600 (NH,+), 1580 and 1380 (COO-), 1490, 745, and 700 cm-l (phenyl). 

Anal. Calc. for C,,H,,NO, * H,O: C, 50.44; H, 6.95; N, 4.20. Found: C, 

50.24; H, 6.85; N, 4.05. 

2-Amino-2-deoxyheptonic acids (3): general procedure. - A solution of the 

2-(benzylamino)-2-deoxyheptonic acid (2; 1 .O g, 4.4 mmol) in water (100 mL) was 

hydrogenated at atmospheric pressure in the presence of 10 y{ palladium-on-barium 

sulfate (0.4 g). Paper chromatography showed the formation of 3 (R, 0.20), and, 

after 5 days, the spot of 2 (R, 0.50) had disappeared completely. The mixture was 

filtered, and the filtrate evaporated to a solid that was successively washed with cold 

water and methanol. In other cases, the solution was concentrated to N 10 mL, and 

the product was obtained crystalline by addition of methanol. 

2-Amino-2-deoxy-D-glycero+gluco-heptonic acid (3a). - (a) The product 

(3a) was obtained from 2a by the general procedure described; yield: 93 %; m.p. 

236-238” (dec.) (from water), [rx],, i-l.]“, [c~]~,s +1.2”, [r~]~~~ +1.5”, [c1]436 

+2.8”, [r*lx5 +5.6” (c 1, 0.1~ NaOH); after acidification with 12M HCl: [M]~ 

+ll.l”, [glZ7s +11.6”, [c1]546 +13.4”, [@la36 +26.2”, [R]~~~ f48.3”; v,,, 

3600-2500 (OH, NH:), 2200, 1610, and 1530 (NH:), 1570 and 1395 cm-’ (COO-). 

Anal. Calc. for C,H,,NO, * H,O: C, 34.57; H, 7.05; N, 5.76. Found: C, 34.49; 

H, 7.29; N, 5.71. 

(b) To a stirred solution of 2-amino-2-deoxy-D-@ycero-L-@co-heptose hydro- 

chloride (4a; 4.0 g, 16.33 mmol) in water (200 mL) at 100” was added yellow mercuric 

oxide (10.6 g). After 45 min at 95-100” with stirring, the mixture was cooled and 



162 NOT F 

filtered: the filtrate was treated with hydrogen sulfide. the precipitate filtered off 

and the filtrate concentrated until crystnllizatlnn was obserLcd. An cqual volume of 

hot methanol was added. and the product isolated: it was idcntificd ;I\ 3a 1~) its i.r. 

spectrum and b} mixed m.p. 

I?- ,In~ino-_‘-~~~c).~~~~-~~-glyczro-L-~~~a~~t~o-/~~/~~~~~~~~ ~ci(l (3b). ~~~ C‘ompouncl 3b 

was prepared from 2b. according to the general procedure; yield: 59”!,: n1.p. 18-L 186. 

(dec.) (from ~vater--methanol). [ulrj +-I.9 . [xjqTx -t5.2’~. [xjiJr, $5.7 . [zY]~,,> 

+9.3”, [X1.365 + 13.3” ((’ I. ().IM NaOH): after acidilication with llxr IHCI: [yell, 

-m6.:!‘, [3]s578 -6.1 . [ljj&, 7.6”, [%]&,, ~15.4r. [%]j{,< .I!‘~.9 . I’,,)., 1; 36(x- 

2500 (OH. NH:), 1100, 1650. and 1530 (NIH: ), 1650 and l-L15 crn~~’ (COO- 1. 

AM/. Calc. for CTH,,N07: C, 37.31: H. 6.71: N. ij.?, Found. C, 37.05: 

H, 7.01; N. 6.13. 

~-Af~~iF~o-_‘-~~~o.~-_~~-L~-~ly~~ro-I~-ii10-lzef~tof~i~~ wid (3c ). Corn pound 3c \c as 

obtained from 2c; yield: X9”,): m.p. 213 -215 (dcc.) (from \\xtcr methanol ). [xlD 
.~ &I!“, [x]p,8 --h.fi’. [YJS&, 7.4 , [x]J-lh 11.6’. [X]&< IO.0 ((’ 0.5. O.lu 

NaOH): after acidification with l?hl HCI: [xl0 +-I.-t . [Y],:, f-I.6 . Lx]+ +S.J . 

[xl&&J, t-12.4 ‘. [x].jbj +x.(7 ‘; I’“,,,, 3600-‘400 (OH. NH; ). I630 and I480 (NH; ), 

1575 and 1395 cm” ’ (COOe ). 

Anal. Calc. for C-H,,NO,: C, 37.34: H, ~1.71; N. 6.2’ Found: C. 37.19: 

H, 7.09; N. 5.27. 

I-,dffliFlo-.?-de0 ~~,-TV-~iyccl-o-I>-Eulo-/ze~toffic~ m.id (3d). - Compound 3d \vas c 
prepared from 2d: yield: 96”,,: m.p I55 -I 57” (dec.) (from fiater-melhanol‘1. [!Y],> 

O.Or, [X]jTg 0.0’. [:Y]jAf, 0.O I [X]J3$, I .o -‘. [x1.3,, ‘i 2.X ((, I. tj.lhl BraOH): 

after acidification with 12~ HCI. [-xlD 17.1.. [Ix]~,~ IX.0 , [zjjs,., 110.7 , 

[cl].&,, m-47.5 , [11Jh5 6O.J -; 1 ,,,ri, MOO-2400 (OH. NH; ). ‘070, 10’0. and 1530 

(NH.;), 1570 and 1410 cm-l (COON ). 

,4nal. Calc. for C;W iNO, . H,O: C, 34.57; I-1. 7.05; N, 5.70. Found: C. .U,h3: 

H, 7.40: N, 5.67. 

,7-.~ffrit~o-_‘-c/eo.~~~~~-I~-glycero-r~-talo-/~e~~tofzir~ NCYCII (3e). ~-- Compound 3e was 

obtained from 2e; yield: 9X”,,; m,p. ?23--225 (dec. ) (from hater- methanol ), [y] ,) 

--3x, [x]~,~ w, [fji4(, -4.8 , rx143,, 8.8 , pjlc,5 10.0 i(, 0.5. 0.1~1 

NaOH): after acidification \vith 13~ HCI: [a],, -ti.J . [Y]~,, -+3.2 ~_ [x]~~,, t3.4 , 
IC*l-m $_4.6”, [Y].J,,.i 3-5.2’: I’ m.lr. 36OO-Z-IO0 (OH. NH; 1. ‘O-IO. 1630, and I-t’)0 

(NH_;), 1585 and 1415 cm _’ (COO ). 

Anal. Calc. for C:H, SNOi: C’, 37.34: H, h.71 ; N. ~I.Z. Pound: C. 37.07: 

H, 7.04: N, 6. I I. 
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Anal. Calc. for C,H, ,NO, . H,O: C, 34.57; H, 7.05; N, 5.76. Found: C, 34.44; 

H, 7.04; N, 5.52. 
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