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ABSTRACT 

The synthesis of the (2,4-dichlorophenoxy)acetylhydrazones of a number of 

monosaccharides is described. The reaction of the corresponding D-galactose deriv- 

ative with acetic anhydride in pyridine was investigated. Penta-O-acetyl-alde/zydo-D- 

galactose (2,4-dichlorophenoxy)acetylhydrazone was prepared by reaction of the 

hydrazine with penta-O-acetyl-a!de/?J,do-D-galactose, and its ‘H-n.m.r. spectrum 

indicated its existence as two geometric isomers. Reaction of the pentaacetate with 

boiling acetic anhydride caused its acetylative heterocyclization into 3-acetyl-5-[(2,4- 

dichlorophenoxy)methylene] -2- (1,2,3,4,5_penta- O-acetyl-~-ga~ucto-pentitol-l-yl)- 

1,3,4-oxadiazoline. A generalized mechanism for the heterocyclization, based on 

“soft” and “hard” acids and bases, is discussed. D-arabino-Hexos-2-ulose 2-(2,4- 

dichlorophenoxy)acetylhydrazone 1-phenylhydrazone was also prepared. 

INTRODUCTION 

(2,4-Dichlorophenoxy)acetic acid (2,4-D) is effective in inducing calluses from 

differentiated tissues and organs of plants 3-5 ( differentiation). It is also used as a 

post-emergence, selective herbicide’j” to control terrestrial and aquatic broad-leaved 

weeds in corn, flax, lawns, rice, small grains, and sorghum, and to control brush and 

weeds in pastures. The acid is usually formulated and marketed as salts or esters. 

Of the wide variety of such salts and esters that have been tested*v9, the isopropyl 

ester is the most popular for emulsion formulation. However, its indiscriminate use 

led to damage to crops neighboring those sprayed, and, because the isopropyl ester 

is somewhat volatile, the less-volatile poly(propylene glycol) esters have been used’ 

to lessen this drift hazard. Consequently, the formulation of 2,4-D as hydrazones 

should be interesting. 

Continuing our work on the attachment of biologically important molecules 

*Heterocycles from Carhohydrate Precursors, Part XXIV. For Part XXIII, see ref. 1. The Scope of 
the Reactions of Hydrazines and Hydrazones, Part XIV. For Part XIII, see ref. 2. 
**TO whom enquiries should be addressed. 
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to carbohydrate dcrivatlves, the attachment of sulfa drugs’“,! ‘. I’-“cct”“iidobcnzolc 

acid12. and phenouyacetic acid’.’ has been achieved. In the present WOI-l\. (Z.kli- 

chlorophenoxy)acetic acid hydrazldc was attached to ~mc monc~saccharides, and 

its reactivity compared with those of other types of hydrazonc\ is di\cuh&. 

RESL’LTS A\;[) DISCC~SSlO1 

Reaction of (3,4dichlorophenouy)acetylhydrarine with rj-galactose afforded 

the corresponding hydrazone (I ). whosz infrared (i.r.) Tpcctrum shn\ved the band 

for the OCN group at I675 cm ‘. Acctylation of I,-galacto\e (~.-l-d~chlnt-opht~~(~xy )- 

acetylhydrazonc (I ) with acetic anhydride 111 pyrldinc afforded ;I cry&~lline product. 

t.1.c. of which showed the presence of tuo compound\. tsntati\,cl> ,~\\~gncd as the 

anticipated penta-0-acetyl derivative and its cyclized product or JY.O-acet)I drriv- 

ativc (see Scheme I ), Repeated recrystallization of the mixture afrordcd a single 

product that was identified as pe~~ta-O-ncetyl-al~~~/~.~~~~~-~~-gal:lctnse (7.4-d~hlorn- 

phenoxy)acetylhydrazonc (2). Its structure was conclus~vrl~ confirmed by its LIII- 

equivocal synthesis by the condensation of (7,~-dichIoropheno~~~)acetyll~ydrazitlr 

with penta-0-acetyl-alc/e/Il‘f/t)-n-galactose. The latter route indicated the acyclic 

structure of acetate 2. in addition to confirmIng that it ivas not :1 hetcrc>cychzed product. 

The i-r. spectrum of 2 showed a band for the acetyl group at 1760 cm i. in addition 

to one for the OCN group of the hydrazonc group at 1680 cm I. The mah> spectrum 

of 2 showed a molecular-ion peah agreeing with the proposed structure. The ‘H-n.m.r. 

spectrum of 2 showed signals for five acetyi group5 as singlets. at (3 2.t)?. 7.0X. ?.I_‘. 

and 1.16; the C-6 methqlene group appeared as two quartets of c)ne-proton Intensity 

each, at ii 3.9 and 4.3. each split by a large coupling-cl,nstalit t .I,,,,, 1 _7 Hz) and a 

smaller coupling-constant ( ./5.t, Y Hz In the firbt quartet and ,I,,!, 5 Hz in the second ). 

due to the presence of H-5.6.6’ in a11 arrangement that allow 5 the t,i.\ and IIWI.\ 
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relationship of H-6 and H-6’ with H-5, respectively, as a result of the restricted 

rotation. The signals of H-2, 3, 4, and 5 of the sugar residue appeared at S 5.5 as a 

multiplet of four-proton intensity, and the aromatic protons at 6 7.2. The methylene 

group of the phenoxyacetyl residue appeared as two singlets, at 6 4.60 and 5.46, 

whose sum of integration was calculated as two protons; however they had 

different relative intensities, indicating that they belonged to two compounds whose 

methylene groups are located in different environments. Similarly, the imino proton 

appeared as two singlets, at 6 9.50 and 10.05, whose ratio was the same as that of 

the two methylene groups. The ratio was found to vary from one sample to another 

on repeated recrystallization. Such a pattern in the ‘H-n.m.r. spectrum indicated 

that 2 exists as two geometric isomers. The nature of these geometric isomers will be 

correlated with the C = N function, which gives the possibility of syn and anti isomers, 

as well as with the presence of ortho substituents, which may restrict the rotation 

within the hydrazone residue. 

3-Acetyl-5-methyl-2- (1,2,3,4,5_penta- 0-acetyl- D-gukro-pentitol-1-yl)-1,3,4- 

oxadiazoline was obtained by the action of boiling acetic anhydride on 2,3,4,5,6- 

penta-0-acetyl-alde/zydo-D-galactose 2_acetylhydrazone, whereas the action of acetic 

anhydride in pyridine gave penta-O-acetyl-aldefzydo-D-galactose N2,N2-diacetyl- 

hydrazone. The action of boiling acetic anhydride on the corresponding benzoyl- 

hydrazone, as well as on the (phenylacetyl)hydrazone, afforded the respective oxa- 

diazoline. The mode of action of acetic anhydride on saccharide (aryloxyacetyl)- 

hydrazones I3 has been studied’“, and we report here that action on (2,4-dichloro- 

phenoxyacetyl)hydrazones. When 2 was boiled with acetic anhydride, a product 
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was obtained whose elemental analysis agreed wth the molecular formula 

C,,,H,,C12N20,,. From the mode of preparation. as welt 3s Its ~pcctrni data. it \$;I\ 

formulated as 3-acet~l-[(~.3-dichlorophenouy)mclh~lene~-_l-( I.~.3.~.5-penta-O-act- 

t41-u-,~-n/rrc.to-peiitltol-I -yl)-1.3.4oudinzolinc (3) T‘i1c Illechalllsm c,t‘ the acct!;l~ttl\c 

heterocyclirntion of 2 m:rq be depicted as reported c:lrlicrii. by a)nslderlng the 

tendency of the C = N to bc partially charged. 3s in 4. and. cc>tisequcntl!. the p;lrtiall> 

charged carbnnium ion \\ill hc attacl\ed by the acetate an1011 . and tl1e wtql 1011 \v111 

attack the nitrogen atom, to ~IW Intermediate 5. that Io,sc‘\ an acetic acid molecule 

from its enoiucd form 7, to give .3. Altcrnativel>, the mcchani\m can bc c~plar~!ed 

an the basis of the “hard” and "wit" acid and base principle ” The harder a-! kiting 

reagent reacts \vith the ha&r nitrogen atom, rather than with the ~c~t’kr- okggc11 

atom. to yivc the intcrmediak 6, and this acylation I’:k~or-\ the c.),clic-atIon of 6 to _? 

Reactron of I.-rhamnow. I)-uylow. Ixlrabinosc, anti I -arabinnw a ith (J.-i- 

dichloropheno~y)acst~lh~cira~ine alforded the corrc\pondlng h>dr:vonex X- II. 
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Finally, the reaction of D-arabino-hexos-2-ulose 1 -phenylhydrazone (12 )with 

(2,4-dichlorophenoxy)acetylhydrazine (see Scheme 3) afforded a mixed bis(hydrazone), 

D-avabino-hexos-2-ulose 2-[(2,4-dichlorophenoxy)acetylhydrazone] I -phenylhydra- 

zone (13). Its infrared spectrum showed the band of the OCN group at 1690 cm-‘. 

EXPERIMENTAL 

Geneva! methods. - Melting points were determined with a Kofler-block 

apparatus and are uncorrected. 1.r. spectra were recorded with a Unicam SP-200 

spectrophotometer, and n.m.r. spectra (for solutions in pyridine-d, or chloroform-d) 

with a Jeol-100 spectrometer with tetramethylsilane as the standard. Chemical shifts 

are given on the 6 scale. Microanalyses were performed in the Chemistry Department, 

Faculty of Science, Cairo University. Cairo. Egypt. 

D-Galactose (2,4-dichlorophenox~~)acet~I/~~drazone (1). - A solution of D- 

galactose (1.80 g, 0.01 mol) in water (4.0 mL) was treated with (2,4-dichlorophenoxy)- 

acetylhydrazine (1.76 g, 0.01 mol) in ethanol (60 mL), and the mixture was boiled 

under reflux for 1 h. The resulting solution was concentrated, and then cooled, and 

the product that separated out was filtered off, washed with alcohol, and dried. 

Recrystallization was effected from ethanol, giving colorless needles (yield 70s;); 

m.p. 117-I 19”; ~2: 1675 cm-’ (OCN). 

Anal. Calc. for C,,H1,CI,N,O, . H,O: C, 40.5; H, 4.9; N, 6.8. Found: C, 40.1; 

H, 5.3: N, 6.6. 

2,3,4,5,6-Penta-O-acetl%l-aldehydo-D-galactose (2,4-dichloroplpllenox~acet~l~~~~- 

drazone (2). - (a) A solution of compound 1 (0.2 g) in dry pyridine (15 mL) was 

treated with acetic anhydride (3 mL), and the mixture was kept overnight at room 

temperature, and poured onto crushed ice. The product that separated out was 

filtered off, successively washed with sodium hydrogencarbonate solution and water, 

and dried. On repeated recrystallization from ethanol, it afforded colorless needles 

(yield 40:~); 160-161’; vE:t 1760 (OAc) and 1680 cm-’ (OCN); ‘H-n.m.r.-spectral 

data (CDCI,): 6 2.02, 2.08, 2.12, and 2.16 (4 s, 15 H, 5 AC), 3.9 (q, 1 H, J,,,. 8, 

J 6,6. 12 Hz, H-6’), 4.3 (q, 1 H, J,., 5 Hz, H-6), 4.60 and 5.02 (2 s, 2 H, OCH,O-), 

4.5 (m, 4 H, H-2,3,4,5), 7.2 (m, 4 H, H-l and aromatic protons), and 9.5 and 10.1 

(2 s, 1 H, NH). 

Anal. Calc. for C,,H,&12N20,,: C, 47.5; H. 4.7: N, 4.6. Found: C, 47.2; 

H, 4.3; N, 4.7. 

(b) A solution of 2,3,4,5,6-penta-@acetyl-a/deh_Ydo-D-galactose (0.5 g) in 

ethanol (20 mL) was treated with the equivalent amount of (2,4-dichlorophenoxy)- 

acetylhydrazine, and the mixture was heated under reflux for 1 h, concentrated, 

and cooled. The product that separated out was recrystallized from ethanol, to give 

colorless needles (65 ;A), identical with the compound obtained by method a. 

3-Acet~~l-5-[(~,4-dickloro~heno.~~)~~~eth~lene]-~-( l,2,3.4,5-penta-O-acetyl-D-ga- 

lacto-pentitol-I-y/)-1,3,4-osadiuzoline (3). - A solution of compound 2 (0.3 g) in 

acetic anhydride (5 mL) was boiled under reflux for I h. The resulting solution was 
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TABLE I 

poured onto crushed ice. and the product that separated out was filtcrcd off. succcs- 

sively washed with sodium hydrogcncarbollnte solution and lvater, and dried. The 

product was recrystallizetl from ethanol (yield S”,,): m.p. 107 X)8 : rkyl 1725 

(OAc) and 1675 cm-’ (OCh). 

.-lnnl. Calc. for C,,,H,,,CI,N,O,,: C. 4x.1: Il. 4.7: N. 1.3. F‘ound: c. 48.5. 

H. 5.0: N, 4 ‘. 

Suecl7arrde ( 2. ~-clrc~l7foro~~~l7~~~7~~.~-~~)~1c~~~1~~ll7 ~*rlram7c~ (8-l 1 ). A 4utron of the 

monosaccharide (0.01 mol ) III water (1 mL) was trcatcd wtth (~.f1-dichlorophcnox) )- 

scetylhydrazine (0.01 mol) in ethanol (60 mL), and the miuturc ~a4 boiled under 

reflux for 1 h. The resulting solution was concentrated. and tlm cooled. :ml the 

product that separated out was filtered olT. trashed Lvith alcohol. and dried Rc- 

crystallization was effected from ethanol. giving colorlc\s necdlcs (see Tahlc 1). 

o-arabino-H~J~uio.sc~ J- [( .?. I-~ti~,l7lr,rol,ht~no v ~~)rfwtlYlr ~~tlr~onc~s 7 I-( phcr7 d/7 ~dru- 

~077~) (13). - A solutlnn ofcompound 12 (0.2 g) III ethanol (30 mL) wa\ treated Hith 

a solution of (I.+dichlorophenoxy)acetylhydrazinc (0.2 g) in cthnnol. and the 

mixture was hcatcd for S m111 on ;I steam bath. On coolrng. the prl’duct crybtallizcd 

from the mixture as pale-ycllou needles. m.p. IO?-lY3 : I*:;:“’ IWO cm ’ (CN 1. 

.417d. Calc. for C,,,H,2CI,N,0,,: C. 49.6: H. -I 5: &,. I I.(> F‘ound. C’. 1Y.5. 
H, 4.6: N, 11.4. 
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