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ABSTRACT 

Alkylation of sodiu~n L-ascorbate with benzyl chloride yielded a 2-C-benzyl-3-keto-hexulo- 
sonic acid lactone and 3-0-benzyl-L-ascorbic acid, the yield of each being dependent on 
reaction conditions. Other products obtained from the alkylations were 2,3-di-0-benzyl-L- 
ascorbic acid and a I-deoxy-1-C-phenyl-2-hexulose. Treatment of 3-0-methyl-5,6-0-iso- 
propylidene-L-ascorbic acid with benzyl chloride and sodium nlethoxide yielded the 2-0- 
benzyl derivat~ve. 

INTRODUCTION 

A 2-0-n1ethyl-3-hex~1lose has been prepared froin L-ascorbic acid (1). I t  was argued 
that preparation of the corresponding 0-benzyl derivative and subsequent hydrogenolysis 
of the resultant 2-0-benzyl-3-hexulose should yield the parent 3-hexulose. 

The reaction of sodium-L-ascorbate with benzyl chloride in aqueous acetone resulted 
in a mixture of products; the t\vo major coinponents of which were identified as syrupy 
3-0-benzyl-L-ascorbic acid (I ,  R = Ph-CH2, R' = H) and a crystalline 2-C-benzyl- 
3-keto-hexulosonic acid lactone (111). Derivatives of I ,  11, and I11 were prepared. 

The lactone (111) did not affect ferric chloride solution and therefore did not contain 
enolic hydroxyl groups. Aqueous solutions of I11 were acidic to litmus and gave an instan- 
taneous positive test with \Vallenfels reagent (2). The infrared spectruin of I11 indicated 
the presence of a lactone and a benzene ring; the absorption of the ascorbate structure 
was absent. Periodate oxidation revealed the uptake of 5 inoles of periodate and the release 
of 3 inoles of titratable acid per mole of lactone. The detection and characterization of 
phenylacetic acid in the reaction mixture indicated the presence of a C-benzyl residue 
which was attached as a tertiary carbinol. Reduction of I11 with sodium borohydride 
provided a neutral product which gave a negative test with Wallenfels reagent. This new 
crj.stalline compound showed an absorption corresponding to lactone carbonyl in the 
infrared and was formulated as a 2-C-benzyl-hexonic acid lactone (IV). The amide (VI) 
of IV was prepared, as  well as the anlide (V) of 111. The optical rotation of each was 
positive, lending weight to the assignment of the L-lyxo configuration to I11 by 13udson1s 
rules (3). Furtherinore the optical rotation of sodium L-ascorbate in acetone-water did 
not change appreciably over a period of 2 days, indicating that change of configuration 
a t  C4, as  experienced by Brenner et al., did not occur (4). 

The inethyl glj-coside (VII) of I11 was formed in methanolic hydrogen chloride. I t  did 
not react with sodium metaperiodate. Molecular models show that only one strain-free 
glycoside (alpha-L) can be produced. Reaction of the glycoside (VI I) in ether lvith lithium 
aluminium hydride produced two crystalline compounds, one of which analyzed correctly 
for the expected alcohol (VIII). Periodate oxidation of VIII caused the forination of 
0.6 inole of forinaldehyde per mole of VIII ;  a small ainount of acid was also produced. 
These results indicated that I11 was 2-C-benzyl-3-keto-L-lyxo-hexulosonic acid lactone 
and ruled out the isomeric structure, a 3-C-benzyl-2-keto-hexulosonic acid lactone. On 
treatment with acetic anhydride in pyridine, VIII readily gave a crystalline triacetate in 
\\-hich all of the secondary groups \\-ere acetylated. 
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0 

CHe OH 

The sodium salt of I11 spontaneously decoillposed in water giving a crystalline l-deoxy- 
1-C-phenyl-2-hexulose (IX). This was more easily prepared on a larger scale when L-ascor- 
bic acid and 2 moles of sodium hydroxide per mole were stirred with benzyl chloride. The 
product was neutral to litmus paper, reduced Fehling's solution, and showed no absorption 
in the infrared in the interval 1 605 to 2 000 cm-l. Quantitative periodate oxidation of I X  
resulted in the uptake of 3 moles of periodate per mole and the release of 2 moles of acid 
per mole. Analysis of the product revealed the presence of glycolaldehyde phenylacetate, 
both alcohol and acid portions of which were characterized. This substance originates 
presunlably from a 3-hexulose derivative which isomerizes to the 2-hexulose under the 
influence of base. This wandering of the keto group has been observed to occur in other 
furano-ketoses and in acyclic lretoses (unpublished results) when a stable ring derivative 
can be produced. 

3-0-Benzyl-L-ascorbic acid (I, R = Ph-CH2, R' = H) was isolated from the reaction 
nlixture containing 2-C-benzyl-3-keto-L-lyxo-hexulosonic acid lactone. The separation 
of I (R = Ph-CH2, R' = H) from the ainide of I11 was effected by cellulose column 
chromatography. On weighing the concentrated fractions of 3-0-benzyl-L-ascorbic acid 
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and V, the amide of 111, we found the relative amounts of C-benzylation and 0-benzylntion 
to be in the approximate ratio of 1: l .  

A solution of I11 in chloroform-acetone, after an interval of 3 weeks, crj-stallized to 
yield a new lactone which was considered to be an isomorph of 111. The isomorph had 
a lolver melting point and a lactone absorption in the infrared (KBr disc) 15 ~111-~ higher 
than that of 111. Both compounds had similar optical rotations in water, as well as in 
methanol, and had similar rates of movement on thin layer chromatograms. I t  was found 
that the isomorph could be recovered from deuterium oxide by evaporation of the solvent 
a t  room temperature. Furthermore, recrystallization of the isomorph from chloroform- 
acetone solution at GO0 gave 111 only, whereas recrystallization from chloroform-acetone 
solution a t  room temperature yielded starting material. The nuclear magnetic resonance 
(n.m.r.) spectra of each were indistinguishable from one another. 

Alkylation reactions in which there is a choice be twen two reactive sites have been 
investigated (5-8). I t  has, in general, been found that C-alliylation is favored in media of 
high hydrogen-bonding power and that 0-alkylation is favored in media of low h!-drogen- 
bonding power and high dielectric constant such as din~ethylsulfoxide and dimethyl- 
formamide (9). When dimethylsulfoxide was used as  a reaction solvent, a high \.ield 
of 3-0-benzyl-L-ascorbic acid was obtained. 

The crude product so obtained partially crystallized but the crystals proved to be the 
isomorph of 111. Higher substituted derivatives of L-ascorbic acid were removed from the 
residue by chloroforln extraction and 3-0-benzyl-L-ascorbic acid (I,  R = 1'11-Ch?, 
R' = H) was separated from the remaining material by formation of the amide (V) from 
any 111 present, followed by chromatography of the mixture on a cellulose col~umn. The 
weights of C-benzylated amide (V) and 3-0-benzyl-L-ascorbic acid were in the ratio of 
1:3. Syrupy 3-0-benzyl-L-ascorbic acid gave a light green color with ferric chloride reagent 
and showed absorptions a t  1 675 and 1 750 cm-1 in the infrared. These absorptions were 
present in all the ascorbic acid derivatives examined. The crystalline isopropylidene 
derivative (11, R = Ph-CH?, R' = H)  was readily forined in anhydrous acetone - zinc 
chloride. 3-0-Benzyl-L-ascorbic acid, in excess ethereal diazomethane, gave a syrupy 
product that did not affect ferric chloride reagent. This n a s  assumed to  be 2-0-methj.l-3- 
0-benzyl-L-ascorbic acid (I, R = Ph-CH2, R' = CH3) and was proved to be such by 
conversion to crystalline I1 (R = Ph-CH2, R' = C H 3  urith anhydrous acctonc-zinc 
chloride reagent. 
2-O-Benzyl-3-O-methyl-5,6-0-isopropylidene-~-ascorbic acid (I I ,  R = CH3, R' = 

Ph-CH2) \\-as prepared from syrupy 3-0-methyl-5,G-0-isopropylidenc-L-ascorbic acid 
(11, R = CH3, R' = H)  by treatment of the latter with sodium metlioxide followed by 
benzyl chloride. The melting point and optical rotation of the product obtained (11, 
R = CH3, R' = Ph-CH2) mere found to be significantly different from those of the 
coinpound assumed to be 3-O-benzyl-2-0-1nethyl-5,6-0-isopropylidene-~-ascorbic acid. 
The infrared spectra were indistinguishable from each other. 

EXPERIMENTAL 

Paper chromatography was carried out on Whatman No. 1 filter paper by the descending  neth hod using 
the following solvent systems (v/v): (A) butan-1-01 - ethanol -water (3:l: 1 ) ;  (B) butan-1-01 - pyridine - 
water (10:3:3); (C) ethyl acetate - acetic acid - formic acid - water (18:3:1:4). The  sugars \trere located 
on paper chromatograms using the following spray reagents: (0) a spray solution of 17, silver nitrate ill 
acetone followed by 2y0 sodium hydroxide in ethanol (10); (P)  a spray solution of 3% p-anisidine hydro- 
chloride in butan-1-01 (11) followed by heating the chromatogram in an oven a t  115'' for 2 ~ n i n ;  (Q) a spray 
solutio~l of 0.01 A4 sodium metaperiodate in water. After 5 min the sugars were located with spray reagent 
(P). Also used was (R),  a spray solution of 2% ninhydrin in butan-1-01 (12). The final detection systeru, 
(S) co~lsisted of a glass tanl; filled with iodine vapor. The  chrornatograms were suspended in the vapor. 
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'1-hi11 Iaycr chromatography was carried out on glass plates coated with Silica Gel G (Research Specialties 
Co.). The  plate was developed in benzene-isopropanol (2:1, v/v) solvent and then dried in air. Compounds 
were located as black spots by spraying the plate with concentrated sulfuric acid, followed by heating it 
a t  140-170" in a n  oven. 

Infrared spectra were determined OII a Perkin-Elmer Model 21 infrared spectrophotometer. Formal- 
dehyde formation in periodate oxidations was measured by the chromotropic acid method (13). All periodate 
oxidations were carried out using sodiu~ll metaperiodate solutions. Melting points were talcen on a Fisher 
bloclc and are uncorrected. All evaporations were carried out under reduced pressure a t  40-60° on a water 
bath. 

C-Beaoylnliorr of L-Ascorbic Acid 
2-C-Bcnzyl-3-kelo-L-lyxo-her?~losonic Acid Laclone (111) 
L-Ascorbic acid (20 g, 0.113 mole) dissolved in water (200 ml) and partially neutralized by potassium 

hydroxide (5.8 g, 0.105 mole) in water (50 ml) was treated with benzyl chloride (14.4 g, 0.114 mole) in 
acetone (200 ml). The  mixture was shaken mechanically for 60 h a t  room temperature and concentrated 
to remove acetone and the residue was washed with petrol (b.p. 60-80"). The  residue was then exhaustively 
extracted with hot ethyl acetate. The  extracts were dried (magnesium sulfate), filtered, and the filtrate 
was conce~~tra ted  to  yield a light-yellow oil. Yields varied from 8.1 g (27% theoretical) to  21.85 g (69% 
theoretical). The syrup crystallized in orie preparation and on recrystallization from ct~loroforni-acetone 
(8:l) the product had m.p. 156-156.5" with solvent of crystallization eliminated between 70 and 80" and 
[a]r~" = +7 z!= lo (c, 1.0 in methanol). The  crystalline material had R j  0.76, Rnr, 2.50 (spray reagent (O), 
(I'), (Q)) in solvent (A) and R j  O.S.2, R R ~  2.04 (spray reagent (0))  in solvent (B). A strong absorption a t  
1 7 7 5  cnl-I (lactone carbonyl) was present in the infrared. The material was acidic to  litmus; it gave a n  
iiista~ltai~eous \Vallenfels test (2) but did not affect ferric chloride. 

A'nal. Calcd. for C13lllnO~: C, 58.6; H, 5.3. Found: C, 58.5; H, 5.4. 
The analysis was performed on solvent-free material, obtained by heating the lactone a t  80° for 10 mill. 
Tl~c Periodale 0.vidation of 2-C-Be7tzyl-3-kelo-~-lyxo-lte.wlosonic Acid Loctone (111) 
Osidatio~is were carried out quantitatively and qualitatively on solvent-free material. In the qualitative 

oxidation 2-C-benzyl-3-keto-~-ly.vo-hexuloso11ic acid lactone (200 mg) was dissolved in 0.10 M sodium 
metaperiodate solution (25 ml) in the absence of light. After 4 h the solution was extracted with chloro- 
form (50 ml) and the extracts were evaporated to a gum that  crystallized immediately. After recrystalliza- 
tion from petrol (b.p. 60-80") thin plates of 1n.p. 74-76" were obtained. The mixed melting point with 
authentic phenylacetic acid was 75-77". The infrared spectrum was indistinguishable from that  of phenyl- 
acetic acid (KBr disc). 

In the quantitative oxidation, periodate uptake and acid release were deternlined fro111 an unbuffered 
aqueous solution shielded from light. The  results are tabulated below. 

TABLE I 
The periodate oxidation of 2-C-benzyl-3-keto-L- 

lyro-hexulosonic acid lactone 

Time Periodate uptake Acid release 
(h) (moles/~nole) (moles/mole) 

2-C-Ue~tzyl-.3-keto-~-lyso-I~ex~~lo~~anlide (V) 
2-C-Benzyl-3-keto-L-1y.uo-hexulosonic acid lactone (1.87 g) in anhydrous methanolic ammonia was kept 

a t  -20" for 7 h. Paper chromatography of the solution a t  the end of this time revaled only one coinponent, 
moving a t  RJ 0.62, RRI, 2.00 (solvent (A), spray reagents (Q), (R)) and a t  R, 0.74, R R ~  1.50 (solvent (C)). 
Crystallization occorred when the solution was concentrated to  20 ml and the amide was recrystallized 
fro111 methanol to  give needle-shaped crystals (1.91 g) of m.p. 137-138.5" and [cY]D'~ = +7 + lo (c, 1.0 
in methanol). 

Anal. Calcd. for C I ~ H ~ ~ O G N . M ~ O H :  C ,  53.3; H,  6.7; N, 4.4. Found: C, 53.3; H, 6.7; N, 4.5. 
2-C-Benzyl-(L-idolto or L-lalono)-lactone (IV) 
2-C-Benzyl-3-keto-L-lyxo-hexulosonic acid lactone (2.69 g, 1.01 X mole) in water (100 ml) was 

added dropwise over a period of 4 11 to sodium borohydride (0.404 g, 1.3 X mole) in water (100 ml). 
After it had been stirred for 14 h the solution was still reducing to  Benedict's reagent although paper 
chromatography (solvent (A)) revealed mainly one component of R j  0.70, Rnh 2.06 with spray reagent 
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(0) .  The reaction mixture was treated with acetone (10 rnl) and passed through a column of IR-1'20 (acidic) 
resin. The effluent was evaporated to a syrup and treated with successive portions of hot ~nethanol (3 X 50 
ml) followed by evaporation of the methanol in order to remove boric acid. The syrup so obtained crystal- 
lized and recrystallization from chloroform afforded needle-shaped crystals, neutral to litmus and of 111.p. 
174-175" and [ a ] ~ ~ ~  = +39 f 2" (c, 1.0 in methanol). 

Anal. Calcd. for a 2-C-benzyl-hexonolactone, CnH1~0a: C,  58.2; H ,  6.0. Found: C, 58.5; H,  6.1. The 
infrared spectrum was almost identical with the spectrum of the starting material, except for a llew 
absorption a t  3 200 cm-I (hydroxyl). 

2-C-Benzyl-(L-idonanzide or L-talonamide) (VI) 
2-C-Benzyl-(L-idono or L-talono)-lactone (100 mg) in methanolic ammonia (25 ml) was kept a t  0" for 

48 h. Paper chro~liatography (solvent A) revealed the gradual disappearance of starting inaterial and the 
appearance of a new slower moving component R, 0.62 and RRI, 1.70 (spray (0 ) ,  (Q), (R)). The s o l ~ ~ t i o ~ i  
was filtered and concentrated to give a light-yellow syrup of [a]oZ3 = $24 f 2" (c, 1.0 in methanol). 

The Optical Rotation of Sodium L-Ascorbate i n  Aqzieous Acetone (4) 
L-Ascorbic acid (1.0g) was titrated to equivalence (phenolphthalein) with aqueous s o d i ~ ~ ~ i l  hydroxide 

(2.0 N) and the solution was diluted with water to a volume of 30 ~ n l .  Acetone (30 ml) was then added 
to bring the total volume to 60 ml. The optical rotation of this solution was measured a t  various times 
over a period of 2 days a t  room temperature. 

TABLE I1 
Optical rotation of sodium 

L-ascorbate in aqueous acetone 

Time (h) [ ( r ~ ~ 2 3  

Thin layer chromatography (4) of the product showed the presence only of L-ascorbic acid. 
lMethyl Glycoside of 2-C-Benzyl-3-keto-L-lyxo-hexulosoltic Acid Lactone 
A solution of 2-C-benzyl-3-keto-L-lyxo-hexulosonic acid lactone (1.87 g) in methanolic hydrogen chloridc 

(2% ww/ 100 ml) was heated for 11 h a t  55-60°. The solution was neutralized with silver carbonate, 
f~ltered, and the filtrate was evaporated to yield a light-yellow syrup that crystallized. The product was 
recrystallized from hot water to give 0.96 g of needle-shaped crystals of [ a ] ~ ~ ~  = + l a  lo (c, 1.0 in 
methanol) and 111.p. 139-140". 

Anal. Calcd. for CliH~sOs: C, 60.0; H ,  5.8; OMe, 11.1. Found: C, 59.8; H,  5.6; OMe, 9.0. 
The glycoside was not detectable on paper chromatograms (sprays ( 0 ) ,  (P), (Q), or ~ I I  iodine vapor (5)). 

Methyl 2-C-Benzyl-L-lyxo-3-lzexz~loside (VIII)  
A solution of the methyl glycoside of 2-C-benzyl-3-lieto-L-lyxo-hesulosonic acid lactone (O.90g) in 

anhydrous ether was added slowly to  lithium aluminium hydride (1.0 g) in ether (50 ml). Reaction tool< 
place immediately with the formation of a precipitate. After 5 min ethyl acetate (5 ml) was added followed 
by distilled water (50 ml) and the mixture was filtered through Celite. The filtrate was extracted exhaustively 
with ethyl acetate, to yield, on evaporation of the extracts, a light-yellow oil (0.73 g). This crystallized 
and recrystallization was effected with ether-petrol b.p. 60-80" (85:15). Two different crops wcre collected, 
the first crop (150 mg) having m.p. 144-148" and the second crop (110 nlg) having m.p. 115-117". 'The 
product having m.p. 115-117' was recrystallized from ether-petrol b.p. 60-80" (85:15) to g i ~  c long needles 
of m.p. 116-118" and [ a ] ~ ~ ~ "  = -23 f lo (c, 1.0 in ~nethanol). 

Anal. Calcd. for CllH2006: C, 59.1; H,  7.1. Found: C, 59.4; H,  6.9. 
The infrared spectrum showed absorptions a t  3 420 and 3 550 cm-I (hydroxyl) and no absorption in 

the region 1 605 to 1 800 cm-I. 
The initial crop of crystals having the melting point 144-148" were recrystallized from watcr, to give 

plates of m.p. 149-150' and [ a ] ~ ' ~  = -5 Z!Z 2' (c, 1.0 in methanol). 
Anal. Calcd. for ClrH2aOe: C, 59.1; H, 7.1. Found: C, 60.3; H ,  6.8. 
The infrared spectrum was practically identical with that of the alcohol m.p. 116-118" except for the 

absence of the absorption a t  3 550 cm-I (hydroxyl). The structure of this compound renlained ~ ~ n k n o w ~ i .  

Periodate Oxidation of Methyl 2-C-Benzyl-L-lyxo-3-ke.vuloside (VIII)  
After 18 h the periodate uptake was determined as 2 moles/mole and formaldehyde release as 0.7 

mole/mole. Slow overoxidation resulted in a total periodate consumptio~l of 2.56 molcs/niole and an 
acid realse of 0.63 mole/mole after 60 h. 
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illethyl 1,4,5-Tri-O-acetyl-2-C-bensyl-~-lyxo-3-hexz~loside 
The triacetate was prepared by dissolving VIII (100 rng) in pyridine (50 ml) and acetic anhydride (1 ml) 

and storing the solution a t  0' for 10 h. Water (300 rnl) was then added and the solutiol~ was estracted with 
chloroform (100 1111). The extract was washed s~~ccessively with sulfuric acid solution (2 N, 2 X 50 ml), 
saturated sodium bicarbonate solution (50 ml), and water (100 ml) and then dried over calcium sulfate. 
Concentration of the dried solution afforded a syrup that crystallized immediately. After t ~ \ ~ o  recrystal- 
lizations from methanol-water the crystals had m.p. 152-154" and [cY]D'~ = + l 4  f lo (6, 0.6' in chloro- 
form). 

Anal. Calcd. for C20H2G09: C,  58.5; H, 6.4. Found: C, 58.3; H, 6.2. 
The infrared spectrum (KBr disc) revealed a single hydroxyl absorption a t  3 GOO cm-I. 
Decarboxylation of 2-C-Benzyl-3-keto-L-lyxo-hexzrlosonic Acid Lactone (111) 
The lactone (111) (3.0g, 1.1 X mole) in water, was titrated to  777, equivale~~ce (phe~~olphthalein) 

with aqueous sodium hydroxide (15 ml, 1.02 N) .  Paper chromatography in solvent (A) revealed mainly 
one component; R, 0.19, R R ~ ,  0.60 (spray reagents ( 0 ) ,  (P)).  The  con~ponent of RI 0.10 gradually disappeared 
over a period of 2 days and was replaced by a substance with RI 0.62, Rnl, 2.15 ( s o l v e ~ ~ t  (A) ,  spray ( 0 ) ) .  
After 3 days the solution was evaporated to  dryness, extracted with butan-1-01, and the butan-1-01 solutio~l 
was filtered, and the solvent evaporated. The heavy oil so obtained was passed through a cellulose colu~nn 
(eluent; butan-1-01 - water, 10:l) and fractions of ca. 6 ml were collected automatically every 15 min. 'The 
fractions on which paper chro~natographic examination (solvent (A), spray ( 0 ) )  were show11 to  contain 
only the component of RI 0.62, RRI, 2.15, were combined and evaporated to  a light-yellow syrup (1.28 g). 
The syrup crystallized after 3 weeks and on recrystallization from chloroform-acetone, crystals of 1n.p. 
126-128' were obtained. This was subsequently shown to be a 1-deoxy-1-C-phenyl-2-hcxulose. 

I-Deoxy-I-C-phenyl-L-(lyxo or xy10)-2-hexzdose (IX) 
L-Ascorbic acid (20g, 0.113 mole) in water (150 ml) was treated with aqueous potassium hydroxide, 

(12.8 g, 0.228 mole, 50 ntl) benzyl chloride (28 g),  and acetone (250 n ~ l )  and the system was shaken for 
8 h a t  room temperature. After this interval paper chro~natography (solvent A) a ~ ~ d  spray ( 0 )  revealed 
the presence of only one main component, with R, 0.62, RRl, 2.15. The solution was evaporated to  remove 
the acetone and washed with petrol (b.p. 60-SO0). Exhaustive extraction with hot ethyl acetate and eva- 
poration of the combined extracts provided a syrup, yields of which varied from 11 to 14 g. The  syrup 
crystallized spontaneously only once and further crystallizations were effected by dissolvir~g the s),rup 
in hot acetone (7.1 ml per gram of syrup) and chlorofor~n (1.3 ml per gram of syrup) and s e e d i ~ ~ g  the solution. 
After recrystallization the melting point increased from 115-117" to 127-128" with [or]oZ3 = -31 k lo ( 6 ,  

1.0 in methanol). The infrared spectrum showed no abso rp t io~~  in the region 1 GO5 to  I SO0 c111-I and was 
indistinguishable from that of the crystalline product isolated from the dccarbosylation of 2-C-be~~zyl-3- 
keto-L-lyxo-hexulosonic acid lactone with alkali. 

Anal. Calcd. for Ci?HlajO&: C, 60.0; H ,  6.7. Fou~td:  C, 59.9; H ,  6.8. 
Periodate Oxidalion of I-Deosy-1-C-phenyl-L-(lyxo or ry1o)-2-lzeszrlose ( IX)  and Isolalio~l of P rod~~c l s  
The quantitative oxidation on 100 ~ n g  of the hesulose ( I S )  resulted in 3 ~noles/mole of periodate uptake 

and 2 moles/mole of acid release after 0.25 h. Little further oxidation occurred after 36 h and no for~nalde- 
hyde was detected. 

In order to  isolate the oxidation products the hesulose (0.63 g) was oxidized with sodir~m metaperiodate 
solution (0.2 A[, 7.0 ml) in the absence of light. Chloroform extraction of the reaction mixture after 12 h 
afforded, after co~~centration of the extracts, a light-yellow fragrant oil (440 mg) that did not crystallize. 
The infrared spectrum showed absorptions a t  1 740 and 1720  cnt-1 (ester, carbonyl). A portion of the 
syrup (58 mg) was saponified with sodium hydroxide (0.01 N, 2.93 ml), acidified with hydrochloric acid, 
and then extracted with chloroform. The  extracts on concentration crystallized i~~~ ined ia t e ly  and recrystal- 
lization from petrol (b.p. 60-SO") afforded plates of m.p. 74-76'. The infrared spectrl~m was indistinguish- 
able from that of phenylacetic acid (0.8% ICBr). A second portion of the syrup (200 mg) was hydrolyzed 
in aqueous sulfuric acid (0.5 N, 10 ml) for 2.5 h, neutralized with sodium hydroside (phel~olphthalein), 
and evaporated to dryness. Extraction of the salts and organic material with hot acetone yielded, on con- 
centration, a brown gum. A portion of the gum so obtained was dissolved in hot ethanol (60") containing 
2,4-dinitrophenylhydrazine reagent, to  give a red-orange product of m.p. 310-320". Thc  melting point 
of glycolaldehyde-bis-2,4-dinitrophenylhydrazone prepared from authentic glycolaldehyde was 320-325". 
The infrared spectra of the product and of the authentic specimen were indistinguishable from each other. 

Isolation of a n  Isomorph of 2-C-Benzyl-S-keto-~-lyra-he3izrloso~~ic Acid Laclone (111) 
The syrupy product from the reaction of L-ascorbic acid with sodiu~n hydroxide and b e ~ ~ z y l  chloride 

was dispersed in chloroform-acetone and allowed to  stand. After 3 weeks large needle-shaped crystals had 
formed, with n1.p. 142-143' and r or]^'^ = +G & lo (6, 0.6 in methanol), = 13.5 & lo (c, 2.0 in 
water) in the unrecrystallized state. T h e  isomorph gave a n  instantaneous Walle~~fels test ('L), was acidic 
to  litmus, and revealed an absorption a t  1788  CIII-~ (lactone) in the infrared and had the same rate of 
movement as  111 on thin layer chromatograms. The n.m.r. spectrum, taken with a Varian A-60 spectro- 
meter, DzO solvent, was found to  be identical to  that of 2-C-benzyl-3-keto-~-lyso-hex11losonic acid lactol~e. 
Evaporation of D20 a t  room temperature afforded crystals that  had n1.p. 142-145" with instantaneous 
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solidification a t  l15O to a glass that  melted a t  154-156". When the isomorph was recrystallized by cooling 
a solution in hot chloroforn-acetone the melting point rose to 154-155' with solvent of crystallization 
being given oTf a t  70-SO0. il?~alysis of the isomorph. Found: C, 58.9; H, 5.5. 2-C-Benzyl-3-lceto-L-lyxo- 
hesuloso~~ic acid lactone has the following constants. A7rnlysis: C, 58.6; H, 5.3; m.p. 156-l56.5", [aIDTx 
= +7 f 1" (c, 1.0 ill methanol), [ff]DZ3 = +l5.5 & lo (6, 2.0 in water). 

Isolation of 3-0-Be??.zyl-L-ascorbic Acid (I ,  R = PIL-CH?, R' = H )  
'The filtrate after isolation of 2-C-benzyl-3-lceto-L-ly.vo-hexulosonic acid lactone gave a light-green color 

with ferric chloride solution. In  a typical separation 5.8 g of crude reaction product gave 0.83 g of crystal- 
line Inctonc. The liltratc \\,as concentrated, dissolved in rnethanolic ammonia (100 ml) and left a t  0' for 
4 days. 011 concentration of the solution a dark-brown syrup (1.55 g) was recovered. A portion of the 
syrup (1.77 g) was fractionated 011 a cellulose column (usual eluent) to yield two main fractions con- 
sidered to bc 3-0-bcnzyl-L-ascorbic acid (800 mg) and 2-C-benzyl-3-lceto-~-lyxo-hex~1lonamide (580 rng). 
Thc infrared spectrum of the fornler fraction was indistinguishable from that of 3-0-benzyl-L-ascorbic 
acid. The percentage of 3-0-beuzyl-L-ascorbic acid calculated from the above data was 50%. 

0-Bensylntiov of L-Ascorbic ilcid 
3-0-Be?~eyl-L-ascorbic Acid ( I ,  R = l-'l~-CI3~, R' = FI) 
The sodium salt of L-ascorbic acid (17.84g, 0.00 mole) was dissolved in di~nethylsulfoxide (350 ml) 

containing bcnzyl chloride (11.43 g, 0.09 mole) and shaken for 1 weel; a t  room temperature. Dimethyl- 
sulfoside was removed a t  70" in  vacfro to yield a dark gum. This \\,as dissolved in water (300 rnl), washed 
with petrol (b.p. 60-SOo, 100 ml), and exhaustively estractcd with hot ethyl acetate. The estracts on 
evaporation ga\.e a light-brown syrup (19.45 g). Absorptions a t  1 690, 1 730, 1 760, and 1 790 cm-I \\.ere 
present in the infrared and indicated the presence of two or Inore cotnponents. 

Chloroform extraction of a solution of crude 3-0-benzyl-L-ascorbic acid (7.44g) in water (200 ml) and 
cvaporatio~l of the estracts yielded 1.13 g of dark gum assumed to contain higher substituted derivatives 
of L-ascorbic acid. Thc aqueous layer on evaporation gave a syrup of [ f f ] ~ ' ~  = +8 f lo (c, 1.0 in methanol). 
i\ portion of the syrup (1.34 g) was dissolved in anhydrous methanolic ammonia and kept a t  0" for 48 h.  
The solution was thcn conce~~trated and passed through a cellulose column (usual eluent) to yield two 
syrupy fractions of total weight 800 mg. The first fraction; R, 0.77, linl, 2.63 in solvent (A) (spray (0))  
was assu~ned to be 3-0-benzyl-L-ascorbic acid and the second fraction to be 2-C-be1lzyl-3-keto-~-lyxo-hexu- 
lonamide. 3-0-Benzyl-I.-ascorbic acid had [ff]~" = +15 f 2' (c, 1.0 in methanol) and showed absorptions 
a t  1 760 and 1685 cm-I in the infrared (typical pattern for ascorbate derivativcs). There was no shoulder 
a t  1790  cm-I. The syrup gave a light-green to light-blue color with ferric chloride in methanol and was 
acidic to litmus. 111 the above fractions the ratio of 3-0-benzyl-L-ascorbic acid to amide was 3:l. 

2,3-D~i-0-be~~zpl-5,6-O-isopr0~~~lide~ze-~-ascorbic Acid (11, R = R' = PIL-CH?) 
'The chlorofornl extract (1.13 g) (see above) was dispersed in anhydrous acetone (30 ml) containing 

crushed zinc chloride sticks (2.0 g) and the solution \\!as shaken for 24 h a t  room temperature. After neu- 
tralization with 10% aqueous potassiunl carbonate (75 ml), extraction of the aqueous solution with diethyl 
cther, and evaporation of the ether, a light-yellow oil that  crystallized irll~nediately was obtained. Re- 
crystallization from ether afforded needle-shaped crystals (0.052 g) of rn.p. 125-126" and [a]oZ3 = +23 & lo 
(c, 1.15 in chloroform). The infrared spectrum sho\ved strong absorptions a t  1 755 and 1 675 crn-I. No 
absorption was present in the region 3 100 to 3 600 cnl-I. 

Anal. Calcd. for C23Ij?406: C,  69.7; H, 6.1. Found: C,  69.4; H,  6.3. 
3-0-Be~~zyl-5,6-0-isopro~~ylidene-~-ascorbic Acid (11, R = P~L-CIiz, R' = H )  
The isopropylidene derivative was prepared in the usual way (see above) from 3-0-benzyl-L-ascorbic 

acid (1.0 g, [a]r,2" +8 lo).  The product crystallized and after recrystallization from diethyl ether - 
petrol (b.p. 60-80") afforded ilcedle-shaped crystals (374 nlg) of 111.p. 109-111" and [ a ] ~ ? ~  = +36 + lo 
(6, 1.0 in ~lletha~lol).  The infrared spectrum (ICBr disc) showed strong absorptions a t  1 750 and 1 690 cm-I 
with a luedium absorption a t  3 310 c~u--' (enolic hydroxyl). 

Anal. Calcd. for C161-I~~OG: C, 63.7; H,  5.9. Found: C,  63.6; 13, 6.0. 
Isolatio?~ of t l~e  Isonzorpl~o~is Fornt of 2-C-Benzyl-3-keto-L-lyxo-l~exzrlosonic Acid Lactone (111) fronz the 

Expei.i?i~e?~t -w%tl~ Uinzethylszilfoxide 
On standing 4 weeks, the crude reaction product ( [ a ] ~ ? ~  = +S f lo, (c, 1.0 in ~llethanol)) had partially 

crystallized. The syrupy crystalline lllass was dispersed in chloroforn~ - ethyl acetate (1:l) and allowed 
to crystallize further to yield needles of m.p. 142-144" showing an absorption a t  1 790 cm-I (lactone) in 
the infrared. Except for the lactone peak the infrared spectrum was indistinguishable from that of 2-C- 
benzyl-3-Iceto-L-lyro-hesulosonic acid lactone. 

5-0-Be~~~~~l-2-0-methyl-~-nsc~orb~ic Acid ( I ,  R = Ph-C&, R' = CHa) 
Crudc 3-0-benzyl-L-ascorbic acid (3.42 g) was dissolved in absolute methanol (25 ml) containing excess 

ethereal diazonlethane and lcept a t  0" for 2 days. The solution on evaporation yielded a syrup. The syrup 
was dispersed in chloroforn~ and \vashed with water. The chloroforrll layer \ras dried and evaporated to 
yield a neutral gum (1.73 g) of [ff]DZ3 = +21 f 2" (c, 1.0 in n~ethanol). The infrared spectrum of the 
gun1 showed strong peaks a t  1 758 and I 672 CIII-I. 
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3-O-Be~zzyl-2-O-~nelhyl-6,6-0-isopropyliscobic Acid (IT, R - PR-CH2, R' = CH3) 
'l'he isopropyliderle derivative was prepared from 3-O-benzyl-2-0-111ethyl-~-ascorbic acid ill the usual 

way. The product was recrystallized from diethyl ether to give needles of 1n.p. 99.5-100.5' and [aIDt3 = 
+36 d~ 1" (c, 1.0 in methanol). 

Anal. Calcd. for CI-iHzaOe: C, 63.7; 1-1, 6.3. Found: C,  63.9; H, 6.3. 
Two strong absorptions a t  1 675 and 1 750 cm-I and 110 hydroxyl absorpt io~~ werc present in the infrared 

spectrum. 
3-0-~~el lzyl-5,6-0-isopropyl idene-~-ascoric  Acid (TI,  R = ClI3, R' = H) 
The isopropylidene derivative was prepared from 2.0 g of 3-0-methyl-L-ascorbic acid (14) in the ttsual 

way except that  the product was extracted with ethyl acetate. The yield was 1.32 g of a colorless syrup 
of [ o l ] ~ ~ ~  = +18 dZ 1" (c, 1.0 in methanol). Paper chromatography (solvent (A)) revealed one component 
moving a t  RJ 0.84, RRI, 2.81 (spray (O), iodine vapor). 

2-O-Benzyl-S-O-~~zelhyl-6,6-0-isopropylidene-~-ascorbic Acid ( I I ,  R = CI53, R' = Pk-CH2) 
3-0-Methyl-5,6-0-isopropylidene-L-ascorbic acid (1.32 g) in anhydrous inethanol (50 ml) was treated 

with sodium methoxide (0.7 ml, 4.0 N) and the so l~~ t ion  was concentrated to a syrup. Benzyl chloride 
(30 ml) was added and the mixture heated for 1 h to give a dark-brown solution. The reaction system 
was removed from the bath, treated with water (200 ml), and steam distilled to reniove the benzyl chloride. 
Crystallizatiol~ commenced after the removal of the benzyl chloride and after recrystallizatioll from ether 
the product had m.p. 86-87" and [a]nZ3 = +41 f lo (c, 1.0 in methanol). 

Anal. Calcd. for CliH?oOB: C,  63.7; H ,  6.3. Found: C, 63.45; H,  6.3. 
The infrared spectrum was indistinguishable from that  oi 3-0-bcnz)-l-2-0-1nethyl-5,6-0-isoprop~~lidc1~e- 

I.-ascorbic acid. 
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