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ETHYNYLATION OF 1,2-O-ISOPROPYLIDENE-a-D-sylo-PENTODIALDOSE 
DERIVATIVES A SYNTHETIC ROUTE TO URONIC ACIDS*? 

D HORTON AND FRANCES 0 SWANSON 

Department of Chemrstry, The Ohm State Umverslty, Columbus, Ohro 43210 (U S A ) 

(Recened December 16th, 1969) 

ABSTRACT 

Ethynylatlon of penodate-oxidized 1,2-O-lsopropyhdene-a-D-glucofuranose 
gave 6,7-dldeoxy-I ,2- 0-isopropyndene-p-D-&-hept-6-ynofuranose (2) together with 
a proportion of the a-D-glztco analog 6, ozonolysls of 2 and 6 gave 1,2-O-lsopro- 

pyhdene-fi-L-ldofuranurono-6,3-lactone (8) and 1,2-O-Isopropylidene-or-D-glucofu- 

ranurono-6,3-lactone (7), respectively The heptyne 2 gave a crystalhne 3,5-dlbenzoate 
3, which on ozonolysls gave 3,5-dl-0-benzoyl-1 ,2-0-lsopropyhdene-j?-L-ldofuranuronxc 
acid (4), saponification of 4 with methanohc sodmm methoxlde led to eplmerlzation 
at C-5 Ethynylatlon of 3- O-benzyl- 1,2- O-isopropylldene-%zZde&%-D-xylo-pento- 
draldo-1,4-furanose (9) (characterized as Its p-mtrophenylhydrazone, 13) gave a 
separable, 3 4 mixture of 3-O-benzyl-6,7-dldeoxy-l,2-0-1sopropylldene-sr-D-ghrco- 
hept-6-ynofuranose (14) and the j?-L-zdo epmler (lo), ozonolysls of 14 and 10 followed 

by hydrogenolysls gave the lactones 8 and 7, respectively Crystaflme 5-benzoates 
11 and 15 were obtained from 10 and 14, respectively Ozonolysts of 11 gave 5-U- 
benzoyl-3-O-benzyl-l,2-O-~sopropyl~dene-~-L-~dofuranuromc acid (12)) slmllar treat- 
ment of 15 gave the a-D-g/Lx0 analog (16) of 15 Hydrogenolytlc cleavage of the 
benzyl groups, and catalytic de-estenficatlon, of 12 and 16 led to mlvtures of the 
lactones 7 and 8 through eplmerlzatlon at C-5 

INTRODUCTION 

The addltlon of unsaturated Grlgnard reagents to alcl&cio sugar derivatives 
was reported m 1965 by this laboratorylg2 The reactlon 1s useful m synthetic sugar 
chemistry because the resultant acetylemc and vmyhc denvatlves are capable of 
undergomg a wrde range of useful transformations, leadmg to higher aldoses lv2 4* 5, al- 
dome acids’ 2 ’ ’ unsaturated aldehydes’ 2, aldltols 2*5*6, 1,Zdldeoxyaldltols’ * s ‘, 
1-deoxyketoses2 6, 1,2-anhydroaldltols2, allenes6, and various other products7 

*Part VIII m the senes “Extension of Sugar Chwns Through Acetylemc IntermedIates” For prehml- 
nary reports of part of tlus work see references 1 and 2 For part VII of this serxs see reference 3 
‘I-Supported tn part. by the National Institute of General Medlcal Sciences, NatIonal Institutes of 
Health, U S Pubhc Health Service Grant No GM-11976-04 (The Ohlo State Unlverslty Research 
Foundation Project 1820) 
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The present paper describes ethynjlatlon of w-aldehydo sugar derivatives and the 
conversion of the resultant sugar derivatives havmg the ethynyl group as the non- 
reducmg termmus mto uromc acids The fact that the secondary alcohol group 
adJacent to the ethynyl group is not epimerized by acid or base under the norma 
condrhons of glycosrde hydrolyses or saponticatron of acyl groups’ makes the ethynyl- 
ated derivatives attractrve as Intermediates for synthesis of urornc acids and their 
derivatives The great facihty with which uromc acids and them derivatives are 
epu-nenzed, m the presence of base, at the position a to the carboxylate group, can be 
troublesome in synthetic sequences. With the use of the ethynyl group as a “latent” 

carboxyhc acid group it should be possible to retam configurational Integrity even 
under basic conditions, and the carboxyhc acid group can be generated by ozonolys~s 
of the acetylene under neutral conditions as a late step m the synthetic sequence 

The examples presented describe ethynylatlon of the products of penodate 
oxidation of 1,2-O-isopropyhdene-Z-D-glucofuranose and its 3-benzyl ether, separa- 
tion of the Sepunerrc, 7-carbon acetylenrc sugars produced, and conversion of the 
products mto denvatxves of D-glucuromc and L-rduromc acids 

DISCUSSION 

an earlier report’ was shown to 
give a by oxidation of 1,2-O-isopropyl- 

IS not a IS mixture of a lo (1) and an adduct with formal- 
dehyde for which the structure 5 has been proposed”. In the present work the oxrda- 
tron was performed with aqueous sodnun metapenodate m the presence of a large 
excess of formaldehyde As Judged by t I c the product was approximately a 9 1 
mixture of the dlmer 1 and the formaldehyde adduct 5 This mixture was treated with 

C=<H 

5 6 7 8 
mmoi- 
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ethynylmagnesmm brormde m tetrahydrofuran to give a syrupy mixture of 5-eplmenc, 
acetylemc sugar denvatives (2 and 6). Ozonolysls of this nuxture gave one product 
having the same characteristics by t 1 c as 1,2-O-lsopropyhdene-/3-L-Idofuranurono- 
6,3-Iactone (S), together with a second product havmg t 1-c charactenstlcs of 1,2-U- 
isopropyhdene-a-D-glucofuranurono-6,3-lactone (7) Fractional dlstdlation of the 
nnxed acetyiemc derivatives (2 and 6) gave one epimer essentially pure, as a hquld 
m 34% yield The latter was Identified as the /l-L-zdo denvatlve 2 by the fact that 
upon ozonolysls m carbon tetrachlorlde It gave the /3-L-zdo lactone (S), ldentlcal 
by mixed m p , X-ray powder dflractron pattern, and t 1 c with an authentic sample, 
the absence of the cr-D-glrrco lactone (7) was clearly established by t 1 c 

The /?-L-Z&I acetylenlc derlvatlve (2) gave a crystalhne 3,idlbenzoate (3) that 
melted sharply at 195-196” and gave a satisfactory elemental analysis It showed I r 
spectral absorptlons at 3 06 and 4 71 jtm, typlcal of SC-H and C=C stretchmg 

frequencies The n m r spectrum of 3 showed a l-proton doublet at 7 8 16 for the 
acetyleruc proton (H-7) showmg a coupling of 2 Hz with H-5 (full detads of 100 MHz 
n m r data are given m Tables I and II) The slgnal for H-5 1s observed at low field 
(Z 3 45) because of the deshleldmg effect of the 5-benzoyloxy group, the slgnal 1s a 

sharp quartet showmg the J s,, spacmg and also a spacmg of 9 0 Hz correspondmg to 
J4 5 and mdlcatmg that H-4 and H-5 are a&parallel m the favored conformatlon of 3 
The evidence clearly establishes that the product IS the single 5-eplmer 3 Compound 
3 was ldentlcal by X-ray powder dlffractlon pattern with a product previously pre- 

pared by J I3 Hughes ‘, and the tentative configurational assignment’ at C-5 on the 
latter product, made from chromatographlc data, must be reversed on the basis of 

present evidence 

TABLE IL 

FIRST-ORDER COUPLING CONSTANTS (HZ) FROM IOO-MHz SPECTRA 

Compound Sohenr Couplmg constants (Hz) from IOO-MHz spectra 

JI 2 Jz s Js 4 J4 5 J5 7 

3 COti 40 0 30 90 20 
4 CDCl3 40 0 35 60 
9 CDCls 40 0 38 20 

10 C6Ds 40 0 30 80 20 
11 C6D6 40 0 30 90 20 
12 CDCl3 40 0 35 70 
13 (CD3&$IO 40 0 35 70 
14 CsDs 40 0 30 70 20 
15 CaDs 40 0 30 90 20 
16 CDCl3 35 0 30 90 

Ozonolysls of the acetylemc dlbenzoate 3 gave crystaihne 3,5-dl-O-benzoyl- 
1,2-O-lsopropyhdene-/I-L-Idofuranuromc acid (4) The n m r spectrum of 4 showed 
an exchangeable proton resonatmg at z 0 40, charactenstrc of carboxyhc acids The 

Carbohjd Res , 14 (1970) 1X3-171 



SYNTHETIC ROUW TO URONIC ACIDS 163 

remamder of the spectrum could be analyzed on a first-order basis Attempts to 
debenzoylate 3 with methanolrc sodium methoxlde, and convert the product mto the 
/~-L-Z& lactone 8, gave mstead a nwcture that appeared to contam also the or-D-ghco 

lactone (7), the base used for sapomficatlon IS evidently strong enough to cause 
eplmenzatlon at C-5 

The reactlon sequence performed on the penodate-oxldatlon product from 
1,2-O-nopropylidene-or-D-giucofuranose was also evaluated with the aldehyde (9) 
obtained from 3-U-benzyl-l,2-O-~sopropyhdene-or-D-glucofuranose by cleavage of the 
5,6-glycol group The C-3 protecting group m 9 prevents cychzatlon reactIons leadmg 
to products such as 5, and the 3-substltuent can be removed by hydrogenolysls 
without recourse to basic condltlons The aldehyde 9 was first prepared12 with the 
use of lead tetraacetate as the oxidant In our hdnds, sodium penodate m aqueous 
methanol proved to be more convement and 9 was obtained as a syrup m 92% yield 
The product was a true aldehyde, as evidenced by the carbonyl band at 5 75 pm m 
the I r spectrum and the low-field (-c 0 37) narrow doublet (.7& 5 2 0 Hz) for the 
aldehyde proton (H-5) m the n m r spectrum The syrupy aldehyde 9 was further 
characterized as Its crystalhne p-mtrophenylhydrazone (13), the n m r spectrum of 
the latter (see Tables I and II) was fully consistent with the structure assigned 

c=CH 
$=CH 72’4 

9 I 10 11 12 

13 14 15 16 
i-tll”Or 

’ 10 03 -0 14 1 03 
-7 

2 Hz, Pd 
Bzl= Benzyl 

2 H2, Pd 

Ethynylafion of the aldehyde 9 gave a 5-eplmeric murture of acetylemc denv- 
atlves that could be separated by chromatography on a column of slhca gel. The 
faster-moving component, ldentlfied by subsequent converslons as the a-D-glzrco 
denvative (14), was obtamed as a syrup m a 26 5% yield. The slower-moving, major 
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component was obtamed as a syrup m a 33% yield and subsequent converslons 
showed that it was the j?-L-Z& acetyIemc derlvatlve (10) Both products showed 

narrow doublets for H-7 m their n m r spectra, at z 7 95 for 14 and 7 7 88 for 10, 
and a mixture of the eplmers showed two distinct doublets for the acetylemc protons 

Ozonolysls of the minor, faster-migrating acetylemc denvatlve, followed by 

hydrogenolysls of the benzyl group gave I ,%O-isopropyhdene-c+D-glucofuranurono- 
6,3-iactone (7), Identical with an authentic sample by rmxed m p and X-ray powder 

diffractlon pattern, and none of the p-L-rdo lactone (8) could be detected chromato- 

graphlcally This converslon estabhshes the structure of the acetylemc precursor as 
3- 0-benzyl-6,7-dldeoxy- 1,2- 0-lsopropyhdene-cc-D-glzrco-hept-6-ynofuranose (14) 
Smularly, ozonolysls of the major, slower-mlgratm g acetylemc product, followed by 

hydrogenolysls, gave l,Z-U-nopropylidene-13-L-ldofuranurono-6,3-lactone (S), Identl- 
cal with an authentic sample by mixed m p and X-ray powder dlffractlon pattern, 

and none of the a-D-gZuco lactone (7) could be detected chromatographlcally The 
precursor therefore has the structure 3- 0-benzyl-6,7-dldeoxy-1,2-O-lsopropyhdene- 

j?-L-ido-hept-Gynofuranose (10) 
Benzoylatlon of the a-D-ghC0 derlvatlve (14) gave the crystalhne 5-benzoate 

(15), meltmg sharply at 139-140”, and the /I-L-Z& derlvatlve (10) aIso gave a crystalhne 

5-benzoate (la), which melted sharply at 124 5-125”, a mixture of 15 and 11 showed 

a large melt.ng-point depression The 5-benzoates 15 and 11 were prepared most 

conveniently by benzoylatlon of the orlgmal mixture of acetylenes (14 and 10) and 

separating the products by fractional crystalhzatlon As with the precursors, the 

acetylemc benzoates 15 and 11 showed H-7 resonances as narrow doublets at different 
fiela posrtlons (7 7 87 and 8 00, respectively), and they could readily be detected m 

admurture by tlus means The H-5 signal, the lowest-field signal of all protons on the 

sugar chain because of the deshleldlng by the benzoyloxy group, was observed as a 
quartet through spm-couplmg with H-7 (J5 ,- = 2 Hz m each case) and H-4 Although 
the H-5 signals for 15 and 11 were observed at different field positIons (Z 3 70 and 3 58, 
respectively) the J4 s couplmgs were ldentlcal (9 0 Hz), mdlcatmg that the favored 
conformation m both compounds IS that havmg H-4 and H-5 antlparallel It IS not 

possible, therefore, to use spm-couplmg data for asslgnmg configurations to these 

eplmenc acetylemc denvatlves, such assignments are possible when the starting alde- 

hyde IS attached to a dloxolane rmg or when the acetylemc derlvatlve IS acycl&4*5 
Ozonolysls of 5-O-benzoyl-3-O-benzyl-6,7-d~deoxy-1,2-O-~sopropyl~dene-~-~- 

zdo-hept-6-ynofuranose (11) gave crystallme 5-0-benzoyl-3-0-benzyEl,2-O-lsopro- 

pyhdene+L-ldofuranuromc acid (12), and smular ozonolysls of the D-glrrco acetylemc 

derivative (15) gave 5-U-benzoyl-3-O-benzyl-l,2-O-isopropylldene-a-D-glucofuran- 

uromc acid (16) as a syrup The two acids 12 and 16 were characterized by n m r 

spectroscopy and 12 by elemental analysis Debenzylatlon of 12 and 16 could be 
e%cted readily by hydrogenolysls over palladmm black However, removal of the 

benzoyl group by saponlficahon with methanohc sodium methoxlde led to eplmenza- 
tlon at C-5 m each case, mixtures of 1,2-O-lsopropyhdene-~-D-glucofuranurono- and 
-/3-I;-ldofuranurono-6,Zlactones (7 and 8) were obtamed from each reaction 

Carbohpi Res ) 14 (1970) Is-171 
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The ozomzatlon reactlons described in tIus paper were performed on a small 
scale, mamly for the purpose of stereochemlcal charactenzatlon, and yields of 
uromc acids or their lactones were not optlmlzed for preparative purposes However, 
the ozonolytlc cleavage of or-hydroxyacetylenes to a-hydroxyaads can be effected on 
a larger scale m near-quantltatlve ylelds4 13*14, and the procedure thus offers a 
useful general route for preparation of uromc acids The established route to uromc 
acids, by way of a cyanohydrm reactlon with an w-aldehydo sugar denvatlve’ 15.16, 
reqmres alkahne condltlons and gives an epnnenc mixture of products, whereas 
the present route gives intermediates that are not prone to eplmer]zatIon, and gener- 
atlon of the calboxyhc acid can be effected wlthout eplmerlzatlon at the adjacent 
carbon atom. 

EXPERMENTAL 

General methods - Solutions were concentrated under dlmmlshed pressure on 
a rotary evaporator at 30” Specific rotations were measured m a 2-dm tube. Meltmg 
pomts were determined with a Thomas-Hoover “Unimelt” apparatus I r. spectra 
were measured with a Perkm-Elmer Model 137 “Infracord” 1 r spectrophotometer. 
N m r spectra were measured with a Varlan HA-100 spectrometer operatmg at 
about 28”. Chemical shifts are given on the T-scale with tetramethylsllane (7 = 10 00) 
as the Internal standard Mlcroanalyses were made by W. N. Rond. X-ray powder 
dflracfion data give mterplanar spacmgs, A, for CuK, radiation The relatl\re mtensl- 
ties were estimated visually m, moderate, s, strong, v, very; w, weak The strongest 
hnes are numbered (1, strongest), double numbers mdlcate approximately equal 
mtensltles T 1 c was performed with Slllca Gel G (E Merck, Darmstadt, Germany) 
as the statlonaxy phase DetectIon was effected by spraymg with sulfuric acid unless 
specified otherwise Petroleum ether used m recrystallrzatron wds a fraction havmg 
the bollmg range 30-60”. Ozone was generated by using a Welsbach ozonatol, mode! 
T-408 (The Welsbach Company, Phrladelphla, Pennsylvama, U S A ) 

Preparatron of 1,2-O-rsopropylmene-a-~-xylo-pentod~aldo-~,4-furanose drmer (1) 
and 1,2-O-lsopropy~~dene-3,5-O-~et~~y~ene-~-~-xy~o-pentodraldo-1,4-firranose alde- 
hydroZ (5) - To a stirred solution of 1,2-O-nopropyhdene-a-D-glucofuranose (6 g, 
27 3 mmoles) m IO0 ml of 37% aqueous formaldehyde at 0” was added sodmm meta- 
perIodate (6 g, 28.0 mmoles) m water (80 ml) over a period of 30 mm The solution 
was stirred for 1 h at room temperature Ethylene glycol (0 3 m!) was then added to 
decompose any excess penodate. The solution was concentrated under dlmmlshed 
pressure to one half the ongmal volume and the sodmm lodate that separated was 
filtered off. The solution was extracted five tunes with 50-ml portlons of chloroform. 
The chlorofoml extracts were dried (magnesmm sulfate) and then concentrdted to 
a syrup, yield 3 2 g (59%) of a mixture of 5 and 1, R, (ether) 0 70 and 0 37, respectlve- 
Iyll m approximately 9.1 proportion 

6,7-Dldeoxy-I,2-O-rsopropyl~‘~ene-P-L-ldo-hept-6-ytzofuranose (2) anri z+r 
- Ethylmagnesmm 5 g, 

Res , 14 (1970) 159-171 
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102 mmoles) and ethyl brormde (12 g) m dry tetrahydrofuran (150 ml) Acetylene was 
passed slowly through dry tetrahydrofuran (250 ml) at room temperature by means of 
a gas-dlsperslon tube, and the hquld was stu-red magnetically. After 1 h the solution 
of ethylmagnesmm bromide was added dropwrse The resulting solution gradually 
turned bright red and then a dark redlsh-brown. The resultant solution of ethynyl- 
magnesium bromide was stirred for 1 h with acetylene still passmg through the 
solutLon. A solution of the penodate-oxldlzed product (5+1, 5 g, 25 3 mmoles) m 
dry tetrahydrofuran was then added dropwlse, After the addition had been rompleted, 
the stream of acetylene was mamtamed for an addltlonal 3 h The tetrahydrofuran 
was then evaporated off, ethyl ether (250 ml) was added to the residue, and the mvrture 
was shaken with cold, aqueous, saturated ammomum chlonde After separation of the 
layers, the aqueous phase was extracted with ether The combined ether extracts were 
washed with saturated aqueous sodium chloride, dned over magnesium sulfate, and 
evaporated The resultant syrupy mixture contained compound 2 (RF 0 41, and 
compound was also Fractional vacuum gave 2, 1.85 g 

6 mmoles, b p (0 075 bath temp 1;:: 3 70 
(C=C-H), 23 pm CMe,) 

1,2-O-~sopropylrde~e_B-L-zdofuranuro~zo-6,3-Iactone 

/I-L-zdo lactone 8 as 
a maJor component (RF 0 35), and the &D-&CO lactone 7 (RF 0 40) as a mmor 
component 

3,5-Dz-O-benzo~I-6,7-d~deoxy-l,2-O-uopropylzdene-B_L- ldo - hept - 6- ynofuranose 
(3) - Benzoyl chloride (3 ml) m d&loromethane (10 ml) was added slowly to a 
solution at 0” of 6,7-dldeoxy-l,2-O-lsopropyhdene-8-L-zdo-hept-6-ynofuranose (2, 
1.85 g, 8.6 mmoles) m dry pyndme (10 ml), and the solution was stirred overmght. 
The reaction mixture was poured into Ice-water (50 ml) and stirred for 1 h. The 
product was extracted with dlchloromethane, and the extract was washed sequentially 
with 20 ml of 10% aqueous hydrochloric acid, two 20-ml potions of 10% aqueous 
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sodrum hydrogen carbonate, and water The extract was dried (magnesnun sulfate) 
and evaporated to a syrup that crystalked from absolute methanoI to QW 3, yield 
1 SO g (49%), m p 195-I96”, [&,* - 16 -f-3” (c 1, chloroform), RF 0 90 (3 1 chloro- 
form-ether), 0 48 (5 5 2 benzene-petroleum ether-ether), 2::: 3 06, 4 71 (C=C-H), 

5.80 (C=O), 7 40 (doublet, CM@, 13 15, 14 15 ilrn (aryl), X-ray powder dlffrac- 
rlon data 12 62 m, 7 03 vw. 6 21 s (I), 5 59 w. 4 97 w, 4 68 m (3), 4 41 m, 4 05 s (2), 
3 62 vw. 3 45 VW, 3 18 vw 

Azzal Calc for CZSHZ107 C, 68 25, H, 5 21 Found C, 68 35, H. 5 34 Further 
recrystalhzatlon gave no change m the m p of this product The X-ray powder dlffrac- 
tlon pattern was ldentlca1 with that of a product’ havmg m p 191-193” earher 
beheved to be the D-&CO analog 

3,5-Dz-O-bellzoyl-IJO-zAopl opylzdene-/?-L-zdofur amz ozz~c aczd (4). - Ozone 
was passed for 45 mtn through a solutlorl of 3 (500 mg, 1 2 mmoles) m carbon tetra- 

chlorrde (100 ml) that was kept at 0” The solution was evaporated water (50 ml) 
was added to the residue, and the mixture was evaporated agaul Crystplhzatlon of 
the resultant syrup from ether-petrokuril ether gave 4 yfeld 106 mg (20%), m p 
176- 179’ (decomp ), roll&’ t 1 1 + lo (c 0 9, chloroform), 1::: 75 (C= 0) 

25 (doubkt, CMe,), 14 itm (aryl), X-ray powder 10 s (I), 
8 7 vw, 44 5 vw, 45 VW, 19 s (2), 4 s (3), 4 4 s 

Anal for C1?HZ209 C, 62 44, H, 01 Found 62 4 
A solctloq of abs methanol was treated with of 

sodrum methovlde solution at 30”, the solution 
and toIuene was added to the residue and evaporated 

of the product showed R, 0 and 25 1 

to l,Z-O-wopropqI~dene-a-~-gIucofuran~~rono-6,3-Iactone (7) and the 
j?-L-zdo analog (8) 

PI eparatzmz qf 3-0-bezz~~~Z-I,2-O-zsopropylidene-a-D-qlrrco~~i~-azzose - To a 

solution of 5,6-d~-O-acetyl-3-O-benzyl-I,2-O-rsoprop~l~denr-n-D-glucofurar~ose” 

(7 0 g, 17 7 mrnoles) m abs methanoI (50 ml) was added a catalytic amount of sodmm 
methoxlde After 4 h at room temperature, the sol~&on was neutrahzed with a few 
drops of acetlc acid, and then evaporated The resultant thick syrup was dlssol\ed 1x1 
warm benzene and the solution was filtered through Cehte Evapolatlon of the solu- 
tlon gave the product as a colorless syrup, yield 5 27 g (96%), R6 0 17 (3 1 chioroform- 
ether), 22:: 2 90 (OH), 7 25 (doublet, CMe,), 13 35, 14 30, 14 70 Jtrn (a@), carbon>1 
absorption dbsent. 

Preparatzozz of 3-0-betzq Z-I,,3-O-zsopropybdene-5-aldehydo-~-~-x~lo-pe~fodzal~~o- 
I,bfrzzazzo~e~~ (9) -A solutzon of 3-O-benzyl-1,2-0-lsopropylldene-cr-D-glncofuran- 
ose (5 27 g, 17 mmoIes) m abs methanol (50 ml) was stIrred at O”, and sodium 
metaperlodate (4 g, 18 mmoles) m water (50 ml) was added dropwise After the 
addltlon had been completed, the solution was stirred for 1 5 h at 0” Ethylene &co1 
(0 5 ml) was added to decompose any excess of oxidant and the methanol UGS evapo- 
rated off The aqueous solution was extracted with 3 x 50-ml portlons ofchloroform, 
and the dried (magnesium suIfate) extract uas evaporated to ave 9 as a chromato- 
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graphically homogeneous syrup, yield 4 33 g (92%) _ R, 0.42 (3 1 chloroform-ether) 

The product WBS dlstllled, b,p, 145-155” (0.02 torr, bath 200”), 1:; 5 75 (aIdehyde 
C=O), 7 25 (doublet, CMe,), 13 50, 14 30 pm (aryl). 

EO-Be~~z~I-1,2-O-~soprop~l~dene-5-aldehydo-~-xylo-pr~~todrai~~o-I,4-fur~~ose 
p-nztrophenyZh>drazone (13) -To a soIution of the aIdehyde9(500 mg, 1 8 mmoIes)m 
methanol (5 ml) was added p-mtrophenylhydrazme hydrochlonde (500 mg) m a 
mixture of water (5 ml) and pyndme (1 ml) The mixture was kept for 24 h at room 
temperature and then concentrated to a thck syrup. The syrup was dissolved m 

benzene (50 ml) and the solution was extracted with 25-ml portions of water, 5% 

sodium hydrogen carbonate, 10% sulfuric acid, and water The benzene solution was 
dried (magnesium sulfate) and evaporated The resultant syrup was crystallized from 
benzene-ethanol to give 13 as yellow crystals, yield 570 mg (79%), m p. 141-142”, 
LrlZ3 - 143 f3” (c 1 2, chloroform), RF 0 55 (3 1 chloroformxther), 3::: 3 06 (N-N), 
6 24 (C=N), 6 50, 7 55 (NO,), 7 25 (doublet, CMe,), 13 28, 14 37 irrn (aryl), X-ray 
po\\der d&fraction data IO 64 vw, 9 57 m (2), 7 9S w, 7 29 VW, 6 84 xv, 6 49 w, 6 12 VW, 
5 59 m (2), 5 01 s (II, 4 51 m 

Anal Calc for CZIH,,N,O, C, 6101, H, 5 61, N, 10 16 Found C, 60 97, 

H, 5 82, N, 1043 
3-O-Benq/-6,7-drdeo.q,-I -7-O-rsoprop~~I~dene-~-~-g~uco-hept-6-y~~of~(ra~~ose (14) 

mzd rts P-r-ldo eprmel (10) - Ethynylmagnesmrn bromide (80 mmoles) was prepared 
as before from magnesium (2 2) and ethyl bromide (9 g) m tetrahydrofuran (300 ml) 
A solution of the aldehyde 9 (10 84 g, 39 mmoles) m dry tetrahydrofuran (50 ml) was 

added \\11th stnrmg and with passage of a contmuous, slow stream of acetylene to the 
solution of Grlgnard reagent during 30 mm at room temperature After a further 3 h 
the solttlon was evaporated, ether (250 ml) was added to the residue, and the resultmg 

solution was shaken with cold, saturated, aqueous ammomum chloride (200 ml) 
The separated aqueous phase was extracted with ether, and the combined ether 
extracts were \\ashed with saturated aqueous sodium chloride (75 ml) The dried 
(magnesium sulfate) ether extract was evaporated to give a mixture of 10 and 14 as 
a yellow syrup, yield 8 41 g, R, 0 43 and 0 64 (3 ! chloroform-ether) A suspension 

of 300 g of slltca gel (Slhca Gel Davison, Grade 950, 60-120 mesh, a product or the 
Davison Dlvlsion of the W R Grace Chemical Co , Baltimore, Md , U. S A.) m 
3 1 dlchlolomethane-ether has poured mto a column (2 8 x 43 cm) and allowed to 
settle The syrupy mixture of 10 and 14, dissolved m 5 ml of 3 1 dlchloromethane- 
etl-er, was placed on top of the coIumn Elutron with 3 1 dlchloromethane-ether gale 
the two components resolved completely from each other The first product to be 
eluted, the D-glrlco epimer (14) was obtained as an 011, yield 3 14 g (27%), I?, 0 64 
(3 1 chloroform-ether) The second component to be eluted, the L-tdo eplmer (lo), 
was also obtained as an 011, yield 3 96 g (33%), RF 0 43 (3 1 chloroform-ether) 

Comerslon of 3-O-berrzyl-6,7-d~deoxy-I,2-O-zsopropylrdene~-D-gIuco-hept-6- 
ynofrrianose (14) into I,2-O-Isopropylrdene-u-D-gI~ico~ira~~~~rono-6,3-~actone (7) - 
Ozone was passed for 45 mm through a soIutlon of 14 (140 mg, 0 47 mmoles) m 

carbon tetrachlorlde (100 ml) at 0” The solution was shaken with water (50 ml) and 
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the rmxture concentrated to a syrup The syrup was dissolved m abs ethanoI(75 ml) 
and hydrogenated at atmosphenc pressure for 24 h with palladium black (15 mg) r?s 
catalyst The mixture was fihered through Cehte, the filtrate was evaporated, and 
small portlons of toluene were added to the resultant syrup and evaporated Crystalh- 
zatlon from acetone-ether gave the D-ghtco lactone (7), yield 20 mg (20%), m p 
118-119” (M l6 m p 120”), X-ray powder dflractlon data 10 84 m (3), 7 03 w, 5 49 s 

(l), 4 64 m (2), 4 OS w, 3 91 vw, 3 51 w, 3 26 VW, 3 1.5 VW, 2 97 w 

The product was ldentlcal with an authentic sample’ 6 by mlxed m p and X-ray 
powder dfiractlon pattern None of the 5-eplmenc lactone 8 could be detected m the 
mother hquors by t 1 c 

Conversron of 3-0-benzyl-6,7-~l~~eo_~y-I,2-O-~sopropyI~~e~~e-P-L_ido-J~ept-6-yno- 
fitrarrose (10) rnto I,2-O-rsopropyIt~ene-P_L-~nofrtrai2lrrono-6,3-iacto~e (8) - Com- 

pound 10 (100 mg, 0 33 mmoles) was subjected to the sequence of reactlons of the 
precedmg experiment, and the crystallme j?-L&O lactone (8) was obtamed, yield 
24 mg (350/o), m p 135-136” (ht I6 137-135”), ldentlcal with authentic 8 by mixed 
m p and X-ray powder dfiraction pattern The 5-eplmerlc lactone (7) could not be 
detected m the mother hquors by t 1 c 

5-O-Ben=oyl-3-O-ben=yJ-6,7-~~ldeou~-I,2-O-lsopropJtIxrle-~-L-ldo-J~ept-6-y~~ofur- 
anose (11) and zts a-D-gluco epzrner (15) - To an unseparated mixture of 3-0- 
benzyl-6,7-d~deoxy-1,2-O-~sopropyl~dene-r-~-gZ~~co-hept-6-ynofuranose (14) and the 

/3-L-&o eplmer (10) (2 0 g, 6 5s mmoles) m dry pyndme (10 ml) was added benzoyl 
chloride (2 g) slowly with stlrrmg After 12 h Ice and water (50 ml) were added, and 
the mlrture was stirred for 2 h The product was extracted with two 30-ml portlons 
of dlchloromethane, and the combmed extracts were washed successively with 20 ml 
of 10% hydrochloric acid, 2 x 20 ml of aqueous sodium hydrogen carbonate, and 
2 x 20 ml of water The dried (magnesmm sulfate) extract \tas evaporated, and an 
ether solutron of the product \bas decolorlzed with activated charcoal Evaporation 
of the solvent gake a pale-yellow syrup that crystalhzed from abs methanol to give 
a white, crystalhne mixture of 11 and 15, yield 1 39 s (52%), R, 0 76 (3 1 chIoroform- 

ether) 

FractIonal recrystalhzation of the mixture from abs methanol gave the hvo 
separate epn-ners The less-soluble eplmer was the /?-L-Id0 derlvatIve (II), which formed 

rectangular prisms, yield 510 mg (19%), m p 124 5-125”, [a]“, -32 t3” (c 1, chloro- 
form), RF 0 38 (5 5 1 petroleum ether-benzene-ether), 1::: 3 10, 4 72 (C=C-H), 
5 SO (C=O), 7 22 (doublet, CMel), 13 65, 14 05 pm (aryl), X-ray powder dflractlon 
data 1244m (3), 902vw, 706vw, 615s (I), 561w, 470m (2), 441w, 4.11~, 

3 85 vw, 3 65 w 

Anal Calc for C,,H1,06 C, 70 57, H, 5 92 Found C, 70 30, H, 5 93 
The more-soluble eplmer, the a-D-ghrco derlvatlve (15) was obtamed as rectan- 

gular prisms, yield 470 mg (1 SOL), m p 139-140”, [a]26j - 79 f 3 o (c 1 1, chloroform), 
RF 0 29 (5 5 1 petroleum ether-benzene-ether); AZ; 3. IO, 4 72 (C EC-H), 5 80 (C=O), 

7 25 (doublet, CMe,), 13 45, 14 05 pm (aryl), X-ray powder dlffractlon data 11 89 m, 

Carbohyd Res, 14 (1970) 159-171 



170 D. HORTON, F. 0. SWANSON 

Anal Calc for C,,H,,OB - C, 70 57, H, 5 92 Found C, 70 50, H, 5 91 
A mixture of 11 and 15 melted over the range 115-139” When the separated 

eplmers were benzoylated mdlvlduzlly 10 gave 11, and 14 gave 15 
~-O-~erJzo~~-3-O-benzy~-~,~-~-Jsopropy~Jdene-~-L-zdo~fran~ron~c acJd (12) - 

Ozone was passed for 30 mm through a solution of 11 (100 mg, 0 25 mmoles) m 
carbon tetrachlorlde (100 ml) at 0”. The solution was shaken urlth water (50 ml), 
and the rmxture was evaporated to a syrup that crystalhzed from ether-petroIeum 
ether to gve 12, yield 51 mg (51 O/o), m p. 157-l 58”, X-ray powder dIffractIon data- 
1039s(1),816w,642~~,58Svw,517m(3),475m(2),438w,419u~,374vw, 
3 41 vw, 3 22 VW, 3 09 vw 

Anal. Calc for CZ3HZ40s C, 64 47, H, 5 61 Found C, 64 91, H, 5 54 
Compound 12 was hydrogenated m ethanol for 24 h m the presence of palladmm 

black. Treatment of the product in abs methanol with sufficient sodmm methoxlde 
to spht off the benzoyl group, with subsequent neutrahzatlon with acetlc acid, eva- 
poratlon of the solution, and evaporatton of toluene from the residue, gave a product 
that, by t 1 c , contamed two components, nugratmg as 1,2-U-lsopropyhdene-X-D- 
glucofuranurono-6,3-lactone (7) and the p-L-zdo analog (S), mdrcatmg eplmenza- 
tlon at C-5 m the debenzoylatlon step. 

~-~-~eJJzoy~-~-~-benzy~-~,~-~-lsoprop~~~JdeJJe-a-D-g~licofuranllronJc acrd (16) - 
Compound 15 (300 mg, 0 7 mmoles) was ozonlzed as m the preceding experiment, 
to give 16 as a syrup, yield 98 mg (33%) When this product was successively deben- 
zylated, saporufied, and lactomzed by the procedure used with 12, a mixture of the 
two lactones 7 ard 8 was agam obtained, mdlcatmg that eplmerlzatlon at C-5 had 
occurred during the sapomficatlon step 
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