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ilBSTRACT 
1,3-Dicarbethoxy-1,3-(bis-(4',5'-0-isopropylide1~e-~-xylof~1ra11osylidene))-acetone was hy- 

drolyzed and decarboxylated to  produce 1,3-(bis-~-xylof~1ranosylidene-5)-acetone (111) and 1,s- 
(bis-5-aldosylosylidene-1)-acetone (IV). Colnpour~d IV reacted ivith 1,3-dicarbethoxyacetone in - - ~nethallol, with piperidine as catalyst, to give polymers V and VI and some intermediates. 
'I'he 1nai11 coInpollent of polymer V had a molecular \veight between 2 000 and 4 000, and there 
\\-ere six to  seven components with ~nolecular wcights of less than 2 000. Because the molecular 
\\,eight of the repcating unit is approximately 500, a polymer with a ~nolecular weight of 2 600 
~vould have 60 carbor~s ill a contillnous chain, and one with a molecular weight of 3 500 w o ~ ~ l d  
have 112 carbons. 'The tvorli presented ili this article may open broad areas of further research. 

INTRODUCTION 

I t  has been sllo~vn previously that  1 lllole of diethylacetonedicarboxylate condenses with 
2 moles of an  aldose in a 7570 nzethanol solution, with piperidine as catalyst, to give long 
carbon chain sugars (1). In another method (2), diethylacetonedicarboxylate was con- 
densed xvith an aldose in the inolar proportions of 1:2 in concentrated hydrochloric acid a t  
0" to for111 long carbon chain sugars. 

On one occasion, 2 nloles of 1,2-0-isopropylidene-D-xylopentodialdose was condensed 
wit11 1 mole of dieth)~lacetonedicarboxylate, with piperidine as catalyst, to give 1,3- 
dicarbethox~~-bis-(4',5'-O-isopropylidene-~-xyloEuranosylidene)-acetone, which is a dialde- 
hydo unsaturated lteto sugar with a chain of 13 carbon atoms (I) (I).  

I t  \vas pointed out then that the hydrolysis of the isopropylidene groups of con~poui~d I 
could give rise to t\vo free aldehyde groups in this conzpound, and might open the way for 
chain polynzerization ~vitll dietl~ylacetonedicarboxylate or other appropriate reagents. 

Schaffer and Isbell (3) observed that the hydrogen on carbon 4 in 5-aldo-1,2-0-isopro- 
pylidene-u-xylopei~todialdof~~r~~nose is alpha ~vitll respect to the aldehyde group, and 
helps to inalte the compound susceptible to aldol condensation. They observed the aldol 
reaction of two molecules of this compound to form a branched-chain 10-carbon sugar. 

The present report deals with the hydrolysis of the isopropylidene and the carbethoxy 
groups of I to give compound 11, the decarboxylation of the resulting 0-ketonic acids to 
produce compound 111, and the aldol condensation of the dialdehydo form of the resulting 
13 carbon atom sugar (IV) 11:ith 1,3-dicarbethoxyacetone to give polyiner V. A11 inter- 
mediate compound representing the first step of the aldol condensation was isolated and is 
represcnted by formula VI. The formulae may represent one of the possible cis-trans 
isomers. 

Thus, 1,3-dicarbethox~~-l,3-(bis-(4',5'-0-isopropylideize-~-xylofuranosylidene))-acetoi1c 
(I) was hydrolyzed with lYo II-I~SO.~. Both the isopropylidene and the carbethoxy esters 
\\-ere hydrolyzed. The latter gave rise to carboxylic groups (11), both of which have the 
lteto group in the 0-position. I t  is ltnown that 0-ketonic acids lose CO2 when heated in an 
acid solution. Under such conditions, compound I1 was decarboxylated to give 111, the 
alpha and beta fornls of which are expected, in aqueous solution, to form an  equilibrium with 
the dialdehydo forin (IV). 
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In the next step, compound IV and 1,3-dicarbethoxyacetone, in the molar proportions of 
1:1, were condensed in 75% methanol \vith piperidine as catalyst. After the product \\-as 
processed, it analyzed as if polyinerization had talcen place. TI'l~e polymer unit, tali~11 s 
times, is sho~vn within the brackets of formula V. 

The approxiinate nlolecular weights were determined as follo\vs by Dr. Wayne Ryall 
and James Dworak of the Eugene C. Eppley Institute for Research in Cancer and Allied 
Diseases. "The polymer \vas chrolnatographed on Bio-rnd p~l~acry lan l ide  gels ~vith n 0.0 
X 150 cm coluinn and a flo~v rate of 20 ~ n l / h ,  11-hich \\-as maintained \\-it11 a Spinco nccu- 
flow pump. The eMuent from the colunln was ~no~li torcd by a Spinco 135 Spect-1-0-monitor 
progralnined a t  220 mp and a t  260 mp. Polyacryla~nide gels \\-ith exclusion limits of 2 000? 
4 000, and 10 000 were used. The results of this stucly indicated that the polymer contained 
one component \+-it11 a molecular weight bet\\:een 2 000 and 4 000, and six to seven com- 
poize~lts \\:it11 a molecular weight of less than 2 000." 

The main product of the polymerization is the co~npound \vith a ~nolcculal- \\.eight 
bct~veen 2 000 and 4 000. On the basis ol this information, the molecular ~veight oi this 
coinpoilent inay have approxilnately one of thc follo~ving valucs: 2 000, 2 500, :Z 000, 
3 500, or 4 000. With a molecular \\.eight of 2 500 there \\:auld he SO carbon atoms in the 
long carbon chain. A n~olecular weight of 3 500 \vould coi-respond to a carboliyclrate \\-it11 21 

chain of 112 carbon atoms. 
The ultraviolet and infrared spectra \\.ere talien and interpreted L y  Dr. Curtis I,eicht, 

Chemistry Department, Creighton University. 
The ultraviolet spectral data tel~tatively support the structural assignments given for 1- 

and VI. Thesc polymers, as \\;ell as compound I ,  exhibited absorption in a region near 
2-10 imp,  the intensity being some\\-hat greater for the polymers. Enfortunatel!-, both 
etl~ylmethyleneaceto~~cetate, deemecl to be an approximate nlodel for conzpound I-, and 
diethylacetonedicarb~x~late, a model for formula VI,  also exhibit absorption very near 
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I I I I 

OH H  OH I I I  H  H  H T H H  

. h c ~ ~ ~ - ~ - - - - c = ! - ~ - c = c - c - c - - c  I I I I I  H  H O H H  H  

0  
OH 1 1 1 1  H  OH H  u:: a - rfl i.... H  

240 mp, \~.ith very siinilar intensities (A,,, 339 ~ n p ,  log E = 3.2-1 (A), and A,,:,, 237 mp 
log E = 3.5, respectively). 

I-Ion.cver, diethylacetonedicarboxylate dissolved in approximately lyo ethanolic I<OI-I 
deinonstrated a batl~ocl~romic shift of about 35 mp, with a concoinitant 12-fold increase iit 
the absorption illtensity (A,:,, 272 mp, log 6 = 4.6). A very similar change in the I\-ave- 
length aitcl intensit>- of absorption \vas sho~vn b\. coinpound VI wit11 the saille solvent 
change (A,,,,, '278 inp, L;:.S"' = S 000). Althougl~ co~npoul~ds I and V also deinonstratcd 
similar bathoclii-omic shifts, the changes in intensity n-ere much illore modest (A,,,, 2S2 mp, 
log 6 = -1.4, and A,,,,, 280 mp, E:,im = 315, respectively). Tlte tenuous nature ol tliesc 
interpretatioi~s is demonstrated by the fact that polymer \:I and ethylrnetl~yleiieaccto- 
acetate both exhibit some\\.hnt siinilar longer  r rave length absorptions (A,,,, 324 mp, 

C"1 - 
1:; - 17.5, and A,,,, 307 mp, log 6 = 1.5, respectively). Furthermore, polyiller \:I ancl 

coinpound I shonr very similar loilger ~vavelength absorptions in basic solution (A,,,, 355 inp, 
El Cll l  - 

1% - 40G, and X ,,,, 352 mp, log- 6 = 3.7, respectively). 
Since the infrared spectra of compounds \i and VI were so similar, no further support 

for the structural assignments could be obtained by this means. 
'I'his \\-orli opens the way for several investigations. Further research \\-ill be carried out 

on the preparation of other polymers and the syi~thesis of clerivatives analogous to those of 
the sinlplcr carbohydrates ~vhich may have scientific, medicinal, or industrial importance. 

During this investigation, the following derivatives ( n e ~ ~ r  compounds) were inndc and 
analyzed: ( a )  a cr\.stalline 1,2-0-isopropy~ide11e-3-0-(3,5-dii1itrobei~zoate)-~-x~~~opcnto- 
furanose; (b) a 3,s-dinitrobenzoate ester of I (the procluct corresponds to 1,2-0-isopro- 
pylidene-G,S-dicarbetl1oxy-7-0xo-3,1 l-di-(O-bei1zoate-3,5-diiiitro)-3,S-diene-~-tridecacli:~ld- 
oxyfuranos::; an 0-diisopropylidene derivative \\-as expected ; apparently in the process 
one isopropylidene group n-as hydrolyzed) ; and (c) a 2,4-dinitropl~enylliy-c1razine derivati\-e 
of 117, 3,10,1l-triliydroxy-l~exa1~is-1,2,4,7,12,13-(2,4-di1~itropl1ei~yll~yclr~tzo~~e)-tridec:~e~~e-S 
(VIII) (osazone reaction and tautomerizatioit of the hydrogens iit and hydrazoitc 
reaction of the resulting carbonyl groups in (1V)l should rcsult in compound VII ; because 
of the inadequate amount of 2,4-dinitrophei1yl11~~drazine used, oitly six 2,-C-dinitropheiijr1- 
I~ydrazines reacted, thereby giving coiupouncl VII!). 
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F H Y Y H H H 
I 

C - C - C - c - C - C - C - C = C - C - C - C - C .  
U 11 I 11 I I I1 I I I1 SYO 
I/ y O H N  H 

I 1\1 O H H  y 
N H  NH YH N H NH NH 
I I 

R R R k k 
NO2 

.=Q 

NO2 

Ultraviolet spectra were run on a Beclcman DL spcctrophotometer in %yo ethanol. Infrared spectra were 
run on a Bec1;man IR-S instrirment in chloroform solution. 

~-~~~do-~,~-0-isopropy~~idenc-~-.uy~opentozlra?zose (5-7) 
This was prepared according to the method described by Grosheintz and Fischer. 

1,g-0-Isopropylide?te-S-0- (3,s-dinitrobenzoeLe)-D-xylope~ttodialdose 
1,"-0-Isopropylidene-D-xylopentodialdose (1.S8 g, 0.01 mole), 3,5-dinitrobenzoyl chloride (2.30 g, 0.01 

mole), pyridine (1 rnl), and dry ether (30 ml) mere mixed a t  Oo for + 11, and the11 allowed to stand a t  room 
temperature overnight. The mixture was then refluxed for 1 h, allowed to  cool, and poured into ice water. 
11 precipitate was collected and recrystallized fro111 methyl alcohol, m.p. 150". 

:\rial. Calcd. for C151-Il.1010S~: C, 47.12; I-I, 3.69. Found: C, 47.43; H ,  3.32. 

1,~;12,1,~-O-Diisopropylidene-6,8-dicarbetRory-7-oxo-3,11-dii~ydro:~y-5,8-diene-~-trid~~adi~~~doxy~0frn?tose or 
1,Y-Dicurbetho.~y-l,S-(bis-(/t',6'-0-iso~~ropylidene-~-xylof~~ra?tosylidene))-acetone ( I )  

The title compound was prepared according to the method described by I'apadaltis (I). The analytical 
results agreed with the experimental values found previously (1) and mith the theoretical values. 

Anal. Calcd. for C ? ~ H ~ . I O I ~ :  C, 55.35; H, 6.31. Found: C, 55.37; 13, 6.34. 
Specilic rotation: [ o l ] ~ l ~  +45.62' (c, 3.051 in acetone); after 16 h [ol]~" +52.9"; after 40 h [ol]n2' +22.g0. 

Ultraviolet spectrum: X,,,2:34 and 247 mp, log E = 3.7 and 3.8, respectively. Infrared spectrnm: absorption 
a t  3 420, 3 020, 2 985, 2 940, 1725, 1 655, 1 620, 1 370, 1 230, 1 OSU, and 1 020 cm-1. 

S,5-Dinitrobensoy1 Chloride Derivetiue of I 
mixture of 1.0 g (0.001S mole) of I, 0.D2 g (0.0036 mole) of 3,5-dinitrobenzoyl chloride, and 0.32 1n1 

(0.0036 mole) of pyridine in a dry dioxane medium mas kept a t  0" for 1 h. After having stood a t  room tempera- 
ture overnight, the mixture was heated a t  GO0 under reflux for 1 h. The dioxane mas removed under reduced 
pressclre and the product poured over crushed ice. The residue was washed with 10 ml of 2% sodium 
bicarbonate. Recrystallizatioil from ether - petrole~um ether gave a white solid, 1n.p. 150-152". 

;\rial. Calcd. for C3GHujOe.%X\.: C, 47.57; 11, 3.99; 3, 6.16. Found: C, 47.45; 1-1, 4.26; N, 6.06. (In the 
process one isopropylidene was hydrolyzed.) 

1,S-(Bis-5-uldoxylosylidene-1)-uce&one (IV) 
I-Iydrolysis of I was accomplished by heating with dilute acid. To a solution of 5 g of 1 in dioxane, 50 1111 of 

0.1 iV sulfuric acid was added. The mixture was heated under reflux on a water bath a t  75-SO0 for 24 h. The 
sulfuric acid was neutralized with barium hydroxide, the Bas04 f ltered off, and the filtrate evaporated to  
dryness. The residue was boiled mith distilled water and filtered to  renlove any unhydrolyzed I ,  which is 
insoluble in water. The solution was evaporated again to dryness and the material nfas pulverized to  ail 
amorphous powder which softened a t  C33O and completely n~elted a t  110". 

Anal. Calcd. for C13H1808.1+MZO: C, 45.21; H, 6.08. Found: C, 44.85; H ,  6.31. 
The analytical results correspo~ld to a hydrated compound (IV). 
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S , 1 0 , 1 1 - T r i / 1 y d r o r y - / z e x a k i s - 1 , 2 , / t , r , l ~ o n e ) - t r i d e c a e n e - S  ( V I I I )  
'I'o 1.11 g (0.0056 mole) of 2,4-dinitrophenylhydrazine, 2.5 ml of concentrated sulfuric acid was added. 

Water was added dropnlise, with stirring, until solution was completed. T o  a solution of 0.3 g (0.0008 mole) of 
crude 1V in ethanol, the 2,4-dinitrophenylhydrazine - sulfuric acid solution was added, and the mixture mas 
allowed to stand overnight. After centrifugation the red precipitate was collected and recrystallized from 95% 
alcohol. I t  sintered a t  224'and melted a t  229-235'. 

~ I n a l .  Calcd. for C.lgI-14403oNz4: C, 40.60; H, 3.04; N, 23.20. Found: C, 40.45; 11, 2.71; S, 33.76. 

I 'repnrulion of l / le  Long Curbon Chain P o l y ~ n e r s  V and V I  
;I clua~~t i ty  of 1.53 n ~ l  (0.005 mole) of diethylacetonedicarbosylate was added to 2.532 g (0.005 mole) of 

1,~3-(bis-5-aldosylosyIidene-l)-acetone (IV) in a benzene medium. -4fter piperidine (five drops) was added to 
catalyze the reaction, the mixture was left a t  roonl temperature overnight. This was followed by heating 
under r e fus  in a water bath a t  80' for 1 h. After a second day of standing, it was again heated for 1 h. The 
solution was then filtered and the fiItrate evaporated to dryness. The hardened syrup was purified in the 
lollo~ving manner. I t  was divided into two portions, one soluble in water and the other in 95% ethanol. ;\ 
residue was precipitated from the former by the addition of 95% ethanol, and from the latter by the addition 
of water. ?'11e residue mas removed by filtration (analysis later proved that  it was not the polymer). This 
purification process was repeated several times. The amber solution of the water-soluble and alcohol-soluble 
nlaterials containing the polymer was treated with Darco in an  unsuccessful attempt to  remove the color. 
'I'his was follo~ved by evaporation to dryness. The hardened amber syrups were pulverized. 

The material from the first portion (represented by VI) softened a t  72" and had completely ~nelted a t  85'. 
The material from the second portion (represented by V) melted a t  75-51". 

Cori~polrnd V I  
-4nal. Calcd. for C!?~H3201(: C, 50.76; H,  6.15. F O U I I ~ :  C, 50.86; 11, 6.01. 
Ultraviolet spectrum: A,,, 235 (4) and 324 mp, E:;? = 406 and 17.5, respectively. Infrared spectrum: 

absorption a t  3 400, 3 010,2 980, 1 720, 1 550 (broad), 1 440, 1 370, 1 220, 1 000, and 1 030 c111-'. 
Conrpo~r~rd V 
-4nal. Calcd. for C..11.s012: C, 54.54; I-I, 5.78. Found: C, 54.77; H,  6.07. 
Ultraviolet spectrum: A,,240 mp (4), E:$nm = 150. Infrared spectrum: absorption a t  3 400, 3 010, 2 920, 

1 720,1615 (broad), 1 440 , l  370, 1220, and 1 020 cm-I. 
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