
'I'htw ilat:i irdir:itcs that this substsiicc is t,h(, lower rotat- 
ing 1-epimw of I-(9-atlenyI)-I-deosy-l-O-niethyl-aIdehydo- 
ii-y:il:ictosc alclc~hydrol ( I S ) ,  hwcin clcsignated as thc 
Swond Form. 

!I-( ? ' e t , . t c - O - u c , c l ! / l - P - U - Y ( I ( U L . l o / J I / I .  picrule.  .i 
mixture of 28.0 g. of 6-acctaniido-'3-clIloromrrcurip1irine (V),@ 
28.0 g. of cadmium carbonate, 5 g. of Celite,IO and 425 ml. of 
xyltAnc wns dried azeotropically by distillation of 100 ml. of 
thv xylcric~. To this miyture \ v : i ~  atltletl, : i t  90" :inti  wit>h stir- 
riiig, :L solrition of 28.0 g. of tetr:i-(i-:ic.r,tyl-n-i,-galnc.topyr:itio- 
sj.1 trroiiiitl(~~7 i i i  :jO i n l .  of syltno. 'I'hr, mist iirr \vas refliised 
for 3 hr., cwcnti:dIy according t o  thc. procrdrire of 1)avoll and 
I,o\vy,i filtcrtd hot, and tho filtr:itcl \vas conccntratrd rinder 
wdiicrd prwsrirc. TIN. filter calcc~ :ind resitliie i v w e  extracted 
\vith hot chloroforin, the chloroform solution \vas washed 
\vith 30';; acjnt'ous potassium iodide, watrr, dried Kith an- 
hydrous sodium sulfate, and concentrated under reduced 
pressure to a sirup; yield 21.0 g. of crude G-acetamido-8- 
(tetra-0-acet~l-p-u-galactopyranosyl)piirine. The crude 
product (13.1 g.)  \vas convwtcd to  the picrate by boiling for 
I min. v i t h  87 ml. of lOyo picric acid in cethano1.s The picrate 
of 9-(totra-0-acf,tyl-P-D-galactopyrano 
crystallized upon cooling; yicLltl 12.4 g. 
\vas f'urthcxr piirif icd by coliinili chromxt 
0.8-g. portions of matwial 011 (100 x 44 mm.)  columns of 
.\Iicro-('csl (:lo iisiiig 150 inl. of Iirnzcne-rth:inol ( 5 :  1 by vol.) 
:IS dc~vc~loper. Tht. matrrial in the bright yellow zone. \vas 
(,luted with actltorie and crystallized from ethanol as (Irxrj) 
j.clloiv riec:tllcs, ticc. 281-287". 

.trial. Calcd. for C ( ? ; H ? g S & 1 6 :  S ,  Iti.14. Found: S,  15.90. 
D-( T e l r a - O - a c e t ~ l - P - D - g a ~ a c ~ o p ~ r a n o s ? / ~ ) u ~ e ~ ~ z ~ e .  A mixture 

of !~-(totr:~-0-:~cetyl-~-I,-galnctopyranos~l):~tlenine picrate 
(i.l g.) i v w  convrxrtd to the nucleosidr by trr:itmrnt with 
J)o\vcx-l as drscrihrtl a h o w  for the acyclic derivative. Th(. 
rwrilting sirup ( 3 . 7  g., 75'~,)  \v:w concentrated under reduced 
prwsiirc t\vice from ethxnol, tlissolvrd in 25 ml. of ethanol, 
:incl :illo\vtd to evxporatc from an o p m  t m k e r  :it room tem- 

i1lix:ttion occiirrcd in 24 lir.  The material 
was filtertrd and xashcd with cold methanol; yield 1.13 g. 
( 2G(!A) of O-( t rt r:i-O-acct yl-b-n-ga lactopyranos?;l)adenin~ 
.-___ - . 

( I T )  H. Ohlr, \T.. llarerelq and IT;. Bourjau, Ber., 62, 
8x3 ( 1929). 

ItecrystalliziLtion from methanol produced fine white 11(v- 

d e s ;  m.p. 212-213.5", [a]1,4 $7.3" (c, 2.6 chloroform); ab- 
sorption spectra datal3: X ~ ; ~ s o R  2-48 mp, 2.88,3.05p (NH,  
S H ? ) ,  5.G5 p (C-0 of acetates), 5.95, 6.15, 6.70, 6.!)6 p 
( S H ,  aiid purine ring), i . 2 8 ~  (niethyl hydrogens), 8.05-6.22, 
9.15, 9.45 p ( C 4 - C ) ;  x-ray powder diffraction datal4: 
11.07 vs (l) ,  9.72 vw. 8.68 vw, i .86 m, 6.76 in, 6.38 R, 6.04 w ,  
,5.65 ni, 5.10 s (Z), 4.82 m (3) ,  4.31 in, 4.19 m, 3.94 w, 3.85 vw. 

.Anal. Calcd. for C I ~ H ~ S ~ O ~ :  C, 49.02; H, 4.98: X, 15.15, 
I~'ourit1: C, 48.05; H, 4.40; S,  15.52. 

D-P-u-Grr /ac tupUrar to . s~ /~[~e~~?te .  .A solution of 24.0 g. 01 
crude 6-acr~talnido-!l-( tetra-0-acetyl-p-D-galactopyranos).l)- 
purinc in 225 ml. of dry niethanol arid 35 nil. of n-butylaminv 
\vas refluxed for 5 hr. The  solution \vas concentrated to 50 ml. 
under reduced pressurc and held :it 0 "  until precipitation 
occurred. The precipitate \vas filtered and washed with cold 
methanol, chloroform, and ethrr;  yield 9.6 g. (Gi.5S). The 
solid was dissolved i n  water, decolorized with carbon and cori- 
ccJntratrd to a sirup whirh crystallized. The  mass rvas tritu- 
rated with methanol, filtered, and dried; m.p. 192-195". 
Further purification was c~ffected by treatment with hot 105; 
ethanolic picric acid to form a rrystallinc F)-(P-D-galactopj.- 
ranosy1)adeninr picrate; m.p.  230-232'. 

.lnal. Calcd. for C17H18S&1?: C, 38.79; H, :i.4,5: S, 21.2:J. 
Found: C, 38.83: H ,  3.65;  S,  19.98. 

Regenrration of the nucleoside from the picrate with 
I )owcs-l (earbonatc iorin)l2 anion exchange resin by the 
method tlescribed above for the  acyclic picrate derivative 
gave fine colorless iieedles, m.p. 198-200", [a]'; +95.5' ( c ,  
0.5 water); absorption spectra datal? A,",:: 260 m p ;  A::: 2.00, 
2.98 p (OH, NH), 8.02, ti.24, 6.32, 6.78 p (XH?, KH,  and 
purine ring), 9.20-9.50, 10.0 p (C-0-C, C-OH); x-ray 
powder diffraction datn": 7.65 w, 7.00 vw, 6.59 ni, 6.35 m, 
.5.88 w, 5.20 vw, 1.88 vs ( l ) ,  4.60 \v, 4.32 vw, 4.18 w, 4.08 
vw, :%.!I7 w, 3.60 ni, 3.50 m (3) ,  3.42 K, 3.36 TV, 3.26 s, (2) ,  
3.17 \v, 3.07 VW, 2.!14 w, 2.89 w. 

A n a l .  Calcd. for Cll Hl5rsOj: C, 44.43; H, 5.08; S,  23.51. 
Found: C ,  43.85; H ,  5.36; S,  23.31. 

Identicnl material was also obtained on deacetylatioii, 
with boiling methanolic n-butylamine, of F)-(tetra-O-acet3-1-8- 
D-galactopyranos~l)adpninr hy the same procediirr iisrrl t o  
deacetylate VIII. 

Cor,r;>ims 10, OHIO 
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The Constitution of a Galactomannan from the Seed of Leucaena glaiical 
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A galactoinannan, composed of 57% mannose and 43% galactose, \vas isolated in Z5yo yield from the seed of Leztcaena 
qlauca. The po1ysacch:iride had an  average D.P. of 150 and gave highly viscous aqueous solutions a t  low solute concentra- 
tions. Pcjriod:itc t1cgr:idation revealed tha t  some mannose residues and a smaller nuniher of galactose residues were not at- 
tacked. Hydrolysis of the methylated gum showed tha t  galactose occupied mainly terminal, nonreducing positions and the 
considerable qusntity of 2,:3,4,6-tetra-O-methyl-~-mannose found indicated the presenrr of some major branch-points. 
Flirther evidence t h a t  some 1,3-linkages were present was ohtained. 

DISCUSSIOS chemical composition. Among the nitrogenous con- 
stituents found in the seed, a-poisonous-amino acid 

quantities. The isolation of this amino acid whirh 
The W d  of Le"caena gzauca (better known as koa kllown as mimosine3 1s present in relatively large honk in the Hawaiian Islands) has an interesting 
-. _ _  

(1)  Published with approval of the Director, Hawaii 
:ie;ricultriral Experiment Station, as Technical paper no. 508. ( 3 )  J. Renz, 2. Physiol. (-'hem., 244, 153 (1936); H .  

( 2 )  Prtsent addrms of author:  Department of Chemistry, Nienburg nnd K. Taubock. %. Physiol .  Chem., 250, 80 
17riiversit\, of UritishColririitiitt, Vancoriver 8, Canada. k'ostermans, R e v .  T r w .  Chim., 65 ,  319 (1946). (1937); 1) 
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contains a 3-hydroxypyridone group is made some- 
what difficult due to the preseiice of a galactoman- 
nan in considerable amounts. Thus it was found 
that up to 25% yields of the galactomannan could 
be obtained from the dry and coarsely ground seed 
by hot water e ~ t r a c t i o n . ~  Precipitation of the gum 
in alcohol gave the usual feathery and fibrous pre- 
cipitate so often encountered in the isolation4s5 of 
galactomannans. 

The physical and chemical properties of plant 
gums and mucilages has been fully discussed in the 
recent monograph by Smith and M~ntgomery .~  
In view of this, some of the general structural 
aspects of galactomannans from such sources as 
guar and locust bean seeds need not be reviewed 
here. 

The galactomannan from the seed of Leucaena 
glauca mas found to  contain a somewhat greater 
proportion of galactose (43%) than that found in 
guar gum. The final product obtained after a mild 
alkali treatment to remove any associated protein 
possessed an average D.P. of only 1.50. The product 
still gave, however, highly viscous solutions. The 
relative viscosity of 0.1% solutions of the poly- 
saccharide was 2.52 at  20'. 

Periodate degradation of the galactomannan em- 
ploying the powerful modification of Smith and 
associates6 revealed that about 1.5 to 17% of the 
hexose residues (mainly mannose) were not at- 
tacked. A smaller quantity of galactose residues 
survived the periodate treatment. Hydrolysis of the 
nonreducing component which had a lesscr Rf value 
than glucose or galactose in a number of different 
solvent systems gave mannose and erythritol in 
major quantities and galactosc and glycerol in 
minor amounts. This observation indicated that 
some uiiuwal linkages were present and that a 
small percentage of galactose residues apparently 
occupied inter-chain positions. The release of glyc- 
erol upon the complete acid hydrolysis of the non- 
reducing component indicated that a few 1,6-link- 
ages were present. 

The relatively large amounts of glycerol and 
erythritol released upon mild acid hydrolysis 
(0.25N sulfuric, 20') of the polyalcohol indicated 
that the main polymeric linkage was of the 1,4- 
type. The galactose residues mere apparently pres- 
ent predominantly as terminal, non-reducing single 
branch units ill the manner found for instance in 
gum g ~ a r . 7 ~ ~  The amount of periodate consumed 
(1.18 moles) per mole of hexose and the large 

(4)  E. Anderson, Znd. Eng. Chem., 41, 2887 (1949). 
(5)  F. Smith and R. Montgomery, Chemistry of Plant 

Gums and Mucilages A.C.S. Monograph No. 141, Reinhold, ~. 
Xew York, 1959. 

16) I. .J. Goldstein. G. W. Hav, Bertha A. Lcwis, and F. 
Smith, Ahstr. 135th Am. Cheni. Soc. Meeting, Boston, Mass., 
April 1959, p. 3D. 

( 7 )  C. ?*I. Rafiaue and F. Smith, J .  Am. Chent.. Soe., 72, 
4684 (1950). 

18) J. IF'. Swanson, J .  Am. Chem. SOC., 71,1510 (1959). 

amount of formic acid formed (0.75 mole per hexose 
unit) further indicated the preseiice of numerous 
terminal, nonreducing residues. 

Further information concerning the structure of 
the gum was forthcoming from methylation studies. 
The large molar quantity (36% of total methylated 
sugars) of 2,3,4,6-tetra-O-methylated-~-galactose 
showed that the majority of the galactose residues 
were indeed situated as terminal, nonreducing 
units. The presence of a methylated galactose resi- 
due in the fraction first believed to consist only of 
2,3,6-tri-O-methyl-~-mannose indicated that some 
galactose units did in fact occupy interchain posi- 
tions. This was in agreement with the results from 
the periodate oxidations. It is believed that the 
majority of the methylated galactose found with the 
2,3,6-tri-O-met h yl-D-mannose fraction is 2,3,6-tri- 
O-methyl with a lesser quantity of 2,4,6-tri-O- 
methyl-D-galactose. The latter residue would be re- 
sistant to periodate attack in the original polysac- 
charide as was observed in the periodate degrada- 
tion studies. 

The 1 : 13.5 molar ratio of 2,3,4,6-tetra-O-methyl- 
D-mannose to  the combined total of all other com- 
ponents indicated that a major branch point was 
present a t  about every seventh or eighth mannose 
residue along the main chain. Based on a D.P. of 
about 150, then each molecule contained about 10 
to 12 major branch points. The ratio (1.3:l) of 
2,3,4,6-tetra-O-methyl-~-galactose plus 2,3,4,6- 
tetra-0-methyl-D-mannose to 2,3-di-O-methyl-~- 
mannose further indicated that major branch points 
mere present along the main 1,4-linked mannose 
chain. If no major branch points had been present, 
the above ratio should hare approached a 1 : l  
value. 

The isolation of about 11% 2,4,6-tri-O-methyl-~- 
mannose showed that some of the mannose residues 
were joined in the original polysaccharides by 1,3- 
linkages. This observation was in agreement with 
the results obtained in the periodate degradation 
studies, The quantity of this trimethylmannose 
derivative was somewhat lower than the total 
amount of hexose not attacked by periodate. It is 
believed that this difference was due to the presence 
of the as yet unidentified trimethylgalactose 
derivatives mentioned earlier, namely, 2,4,6- and 
2,3,6-tri-0-methyl-~-galactose. 

In summary, the results obtained from the perio- 
date degradation and methylation studies indicated 
that the main structural features of the galacto- 
mannan from Leucaena glauca seed were similar to 
those of other legume seed galactomannans. The 
relatively high yield of 2,3,4,6-tetra-O-methyl-~- 
mannose obtained upon hydrolysis of the methyl- 
ated polysaccharide indicated that major branch- 
points were apptrently present in the molecule. In  
this respect, the structure of the gum may be some- 

(9)  Z. F. A 4 h m ~ d  and R. L. Whistler, J .  Am. Chem. Soc., 
72, 2524 (1950). 
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what similar to  that p r o p o ~ e d ~ ~ ~ O  for Kentucky coffee 
bean gum. The presence of small numbers of un- 
usual lipkages5 was established to  some extent. 
Both periodate degradation and methylation re- 
sults showed that some 1,3-1inkages involving 
mannose were present. Evidence was obtained to 
the effect that some galactose residues mere resist- 
ant t o  attack by periodate and that they occupied 
interchain positions. 

EXPERIMENTAL 

The  solvent systems used for the  paper chromatographic 
resolution of the  sugars were: A, n-Iiiityl alcoho1:pyridine: 
water (6:4:3)11; 13, 7t-l~utyl alcoho1:ethaiiol:water (4:  1 : 5 ) 1 2 ;  
C, n-butyl alcolio1:acetic acid:water ( 4 : l  :3)'2; and D, 
butanone: water aec:otrope.'3 The spray reagents used for the  
detection of the  conipounds on the  chromatograms were E, 
p-anisidine trichloroacctate*4 iind F, ammoniacal silver ni- 
trate solution.1~ All evaporations were carried out under re- 
duced pressure und usually with the bath ttmperatiire a t  
35'. The  melting points of crystalline conipounds were deter- 
m i n d  on :L hostage apparatiis and are uncorrected. 

Isolatiori oJ the galactotriunnun. S e i d  from lc?tcc~riia gluucu 
\vas fed through a Jt-iley inill \r.hich \viis not fitted with :i 
screen. .ifter sevwal ropetitiorir of this opcration, practically 
all of the s r r d s  \vcrr sliced wvcral times. The split, seeds were 
extracted with hot watcxr uiitil virtually no further precipi- 
tate was ol)tainrd by adding the extract to ethanol. Thr com- 
bintd extract was filtered \vhile hot and the filtrate added 
with vigorous stirring to t h r w  volumes of eth:riiol. The 
feathery precipitate was collcLcted, redissolved in 10 5; sodium 
Iiydrosidc atid the solution heated to  near boiling for about 2 
hr.  to  deconipose :ti13 ociatcd protein. The solution was 
cool(~1, acidified n-ith aretic acid and thr polysacchmidr prc- 
ripitatcd in :ilcohol :IS I)eforca. Thi. product was redissolved 
:ind prwipitatcd uiitil :L nearly white prodiirt W I S  obtaiiitd. 
The  yield of the  g:ilactoiii:iiiii:ii~ from the seed \vas 2 1  to 25 
/c . 

C o r q m i f i o r i  OJ t h ~  galactortiannuti. A portion ( 1.50 g.) \\as 
siispmdrd i n  dY sLllfuric acid (25 ni l . )  and the contents re- 
fluxed for 8 hr. T h e  solution was neutralized (barium car- 
t)on:itr), decolorized with charcoal, and filtcred ivhile hot. 
'L'lic filtrate wis ev:iporatctl and the  sirupy residue chromato- 
gr:rlilied using soivrnts A, l3, and C :in({ the devrloped chro- 
niatugranis sj)r:iJ.cd \vith rragr,nt 1;. Coniponents correspond- 
ing to nxiniiose :tnrl g::Ll:ic.tose iv('re observrd. The niolar ratio 
of the t\vo coin1)oiit~rits \vas deteriiiinrd by the phenol-sul- 
fiiric arid ~ i i r t h o d l ~  anti found t o  be 43(,:; galactost. and 5756 
niannosr. 

ItlentzJculiorL of the sugnt's. Part of the aliove hydrolysis 
misture (1.0 g.) was resolvrd by sheet paper (\Yhatman 
3113f p:tper) chromatography using solvrnt A. The two 
srigws were located I)>- excision of guide strips and spraying 
t h t w  with reagont b;. Thr t n o  hcxows \ v w r  elitted Lvith 
\v:ltvr, t h r  cl1i:itt.s cwnc*c:ntrated and the  compounds identi- 
t i c s t l  :IS follo\vs: 

( 10) E. B. Imsori and F. Smith, J .  :1m. Chetii. Sac., 79, 
429 (11155). 

(11) A.  .J~YLIIOS, C. S. \\-isc, 3nd R. J. Diinler, ,irtaZ. 
Chern., 23, 415 (1951). 

(12)  S. AI. P:Lrtridgcl aiid I t .  6. ]Yestall, Biocheiri. J . ,  42, 
238 (1948). 

(13) L. Boggs, L. S. Cuendet, I. Ehrenthal, R. Koch, and 
F. Smith, A'ature, 166,520 (1950). 

(14) L. Hough, J. 6. K. Jones and W. H. Wadman, J. 
Chein. SOC. 1702 (1950); L. l lukherjee and H. C. Srivastava, 
.Vrcture, 169, 330 (1052). 

L 7  

-~ - . 

(15) S. .\I. Partridge, A'ature, 158, 270 (1940). 
( I ( ; )  XI. l~i i t inis ,  d. K. Hamilton, K. A. Gillcs, 1'. Rebers, 

: r l i t l  I?. Siiiitli, . t / t u l .  c,'/ic/ti., 28,  250 ( I M I i ) .  

( a )  D-Mannose. The syrupy product from above was in- 
duced to  crystallize by  the addition of a few seed crystals of 
D-mannose. After recrystallization from a water-ethanol mix- 
ture, the isolated D-mannose had m.p. and mixed m.p. 132", 

+14.1° equilihrium value in water ( e ,  3 . 5 ) .  Toanaque-  
011s solution of the sugar was added phenylhydrazine hydro- 
chloride (about 57; molar esccw) and sodium acetate. The 
mixture was warmed slightly and thrn allowed to stand a t  
room temperature for 3 to  4 hr. after which time the crystal- 
line hydrazone was collected by filtration. The product was 
washed with cold ethanol and ether and after drying in a 
vacuum desiccator, the mannose phrnvlhydrazone had m.p. 
and mixed m.p. 198-199", [CY]? +33" in pyridine (c, 2.5).  

( b )  D - G ~ ~ u c ~ o s ~ .  The  sirupy product was induced to  crystal- 
lize after seeding. Rcwystallizatioii of a portion from :in 
ethanol-nater mixture gavc D-g:ilactose, m.p. and mixed m.p. 
166", [CY]  +SO" eq~iilibriuni valut, in w t r r  (c, 2.0). Par t  of 
the  residue was dissolved in a 1 : 1 mixture of water and con- 
centrfttetl nitric arid and tlie solution heated on a boiling 
water bath for 2 to 3 hr. The solution was reduced to a sm:rll 
volunic, after ivhich ice \v:tter \\-:is added. Crysthlline mucic 
arid separated which after wsh ing  with ethanol and drying 
had m.p. and niixt~l iii.l). 218'. 

Iviscositu o j  ayitr'orts solutions oJ the yuni.  The relativr 
viscosity of a 0.1 solution of thv gum x:is determined at  
20" usiiig :in 0stn.ald visc~onit~trr. 'lh relative viscositj. of 
the  grim solurion \vas found to I) ( ,  2.52. Crith similar coiitii- 
tions, guar gum \vas found to  havtt :i relntive viscosity of 2.115 
\vhil(l tha t  of giini arahic I\ as 1 2 % .  

IMern~ ina t ion  OJ" the D.P. The avcugr  11.1'. of the guiu w:is 
determined by a chemical procedlirr.li 'The galactornannan 
(250 ma.) was suspended in a solution (20 nil.) of potassiiini 
borohydride (300 mg.).IE The rediiction was allowed to pro- 
ceed a t  rooni teinpt:rature for 45 hr. after which time the 
solution was acidifid with :tcrtic acid. The solution was 
cooled ( 5 " )  and prriotiic acid added (about 257" molar PS- 
cess) and the find volume adjusted to  35 nil. The reaction 
mixture w i s  kept in the dark a t  5" and prriotlically aliqnots 
( 3  i d )  were wi thd ram to  detrrininc~ formaltlehyde. The 
technique for the d(ttmiiii:ition of fornialtlchyde in the prrs- 
ence of the g:rlactoniannan polyaldchycle is described ~1st.- 
\There.]' So furthrr forInitldc~hyde WE wolved after 7 2  hr. 
standing and a t  this tinie, the average 11.1'. of the galacto- 
nisnnan was found to be 150. 

I'eriodate degradation (ij" tlie quni. .i quantity (1.50 g.) of 
the  gum was suspendrtl i n  water :ind 1 3  inmoles of periodic3 
acid added. The voluniv of th r  r t w t  io11 inixture was adjusted 
t o  200 nil. and the  mixture 1 r L f t  a t  room temperature and ill 
the  dark. P e r i o d i d y ,  periodate coiisiiniption was drttyr- 
minod by the usual iodonwtric titration. hftcr about 70 hr., 
no further periodate consuniption coiild tie detected and a t  
this time, 1.18 moles of periodate had heen consumed prr 
mole of hvsose. Formic arid WIS dctermind  by titration us- 
ing an automatic titrinietrr and ttftrr a t m i i t  $10 hr. 0.75 mol(, 
of formic acid had been protliiced prr 1 i c~ ) se  residue. Littic! 
or no rhaiige x:is ol)sei-vfd th(.rt~:iftrr. 'Fli(> rractioii misturcb 
\vas tri3:itrd with liariiini c:irl)on:ltv aiitl filtcm5d. To the 
filtrate \ v u  :tddcd pot:issiiiin Imrohytlride (1.2 g.) to cffcct 
redurtioii of the po l )x ld+d(x  to t h r  corresponding poly- 
:tlcohol.lQ After stnritiing : I t  room temp(w1tiire for 24 hr.. t h r b  

solution was carefully n ( w t r : ~ l i ~ ~ d  n i th  dilute hydrochloric 

(17) A. .\I. Unrau and F. Smith, Chem. 6; Ind., 330 (1957). 
(18) ?.I. Abdel-Akher, J. K. Hamilton, and F. Smith, J .  

Am Chem. SOC., 73, 4691 (1951). 
(19) F. Smith and J. W. Van Cleve, J .  Am. Chem. Soc., 

77, 3091 (1955); .\I. Ahdel-Akher, J. E. Cadott, Bertha A 
Lewis, R. lIontgonirrv, F. Smith, and J. K. 1-m Clevt., 
Aaturc, 171, 474 (lKi3); AI. i2bdrl-hkher, J. I<. H:~niilton 
and F. Smith, J .  A m  Chcrn. Soc., 73, 4601 (1951). 
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acid. The solution was evaporated (bath temperature 25- 
2 7 " )  and the residue treated several times with methanol to 
affect removal of borate.% Finally, the residue was dissolved 
in cold 0.25h' sulfuric acid (25 ml.) and the solution left a t  
room temperature for about 14 hr. This mild hydrolysis 
treatment affects cleavage of the true acetal systems whereas 
the glycosidic bonds are left intact.6 The solution was deion- 
ized and the residue examined chromatographically. Using 
solvents A, B and C and spray reagents E and F, large quan- 
tities of glycerol and erythritol were detected. A nonreducing 
component which had a smaller R f  value than glucose or ga- 
lactose was also evident. The components were resolved using 
solvent A and Whatman 3MM paper. The relative quanti- 
ties of glycerol and erythritol were determined by the perio- 
date-chromotropic acid method.17321 

( a )  Identification of glycerol. The oily residue was dried 
under vacuum (bath temperature 75') and then treated with 
pyridine (5 ml.) and a 10% molar excess of p-nitrobenzoyl 
chloride. The mixture was heated for 40 min. a t  70' after 
which time the solution was poured into ice cold saturated 
sodium bicarbonate. The  insoluble product tha t  formed was 
collected by filtration, washed with water and after re- 
crystallization from acetone, the glycerol tri-p-nitrobenzoate 
had m.p. and mixed m.p. 186-188'. 

( b )  Identification of erythritol. A solution of the sirupy res- 
idue was treated with charcoal and the filtrate evaporated to a 
thick sirup. After standing for 48 hr., the crystals of erythritol 
which had formed were washed with cold ethanol and after 
drying they had m.p. and mixed m.p. 117-118". 

(c)  Hydrolysis of the non-reducing component. After elution 
of the component from the chromatograms and evaporation 
of the eluate, the residue was dissolved in N sulfuric acid and 
the solution refluxed for 8 hr. The solution was neutralized 
(barium carbonate), filtered and evaporated and the product 
chromatographed. Mannose and erythritol were observed in 
major amounts. Smaller quantities of galactose and glycerol 
were also detected. The hydrolyzate was resolved by sheet 
paper chromatography using solvent A and Whatman 3MM 
paper. hlannose was converted to  its phenylhydrazone, m.p. 
and mixed m.p. 198-199'. Erythritol was obtained crystalline, 
m.p. and mixed m.p. 118'. The relative quantities of etythri- 
to1 and glycerol were determined by the periodate-chromo- 
tropic acid method.'? Mannose and galactose were deter- 
mined as before by the phenol-sulfuric acid The 
ratio of hexose (mannose plus galactose) to  erythritol plus 
glycerol was found to be 1 : 1. 

The total recovery or yield of components from a complete 
hydrolysis of the polyalcohol was about 96% based on the 
moles of hexose in the starting material. The ratio of com- 
ponents in the polyalcohol was found to  be as follows: D- 
Mannose, 13.3%; D-Galactose, l.S$%; Erythritol, 30.5%; 
Glycerol, 54.270. I n  the value for glycerol is included the 
small quantity (2.4%) found in the hydrolyzate of the non- 
reducing component described above. 

.Methylation of the gum. A quantity of gum (2.2 9.) was 
subjected four times to  the usual Haworth methylating 
reagents22 followed by three methylations by a procedure 
described by Kuhn and associates.23 The final product was a 
yellon-, brittle glass, 2.15 g., yield $87,. The methylated 
polysaccharide was dissolved in methanol (30 nil.) containirig 
;lhout 1% hydrogen chloride and thc solution refluxed for 
24 hr. after which time the solvent was evaporated and the 
product hydrolyzed (0.5!V hydrochloric acid) for about 12 hr. 
l los t  (1.9 g.) of the mixture of methylated sugars was re- 
solved into its individual components using Khatman 3MM 

(20) D. R. Briggs, E. F. Garner, R. Montgomery, and 
F. Smith, Anal .  Cheni., 28, 1333 (1956). 

(21) hI. J. Boyd and 31. A. Logan, J .  Biol. Chetti., 146, 
979 (1942); Marguerite Lambert 2nd  A.  C Xeish, (,'on. J .  
Res. ,  28B, 83 (1950). 

( 2 2 )  W. X. Haworth, J .  Chem. SOC., 107,s (1915). 
(23) R. Kiihn. I. T,on-, :ind 1'. Trischnmnn. Her. ,  90, 

20:3 i l 9 5 i ) .  

paper arid solvent L). \$%ere overlapping \viis c:vidmt, t h c s  
respective components were rechromatographed until each 
individual component appeared to  be essentially homogenc- 

Identification of the components. (a) Cortiporient 1, fi; 0.78- 
0.79 in solvent D, 116 mg. The sirup after drying had [CY]? 
+2.3" in na te r  ( c ,  2.5). Demethylation of a portion (30 mg.) 
with 45 yo hydrobromic acid gave only one hexose component 
which chromatographically corresponded to  mannose. Other 
partial demethylation products were also evident. Treat- 
ment' of the methylated sugar with aniline gave crystalline X- 
phenyl-2,3,4,6-tetra-O-methyl-~-mannosylamine xhich upoii 
recrystallization from acetone had n1.p. 141-142', [ a ]  'Dj -88 
+. -8" in methanol ( c ,  2 . 5 ) :  Lit. value for 2,3,4,6-tetra-O- 
methyl+-mannose, R, 0.78 in solvent Dl1 [ a ] D  +11.5 +. 

+2.5 in wat,erZ4; for N-phenylgylcosylamine, m.p. 142-143', 
[ a ] ~  -87.9 -, -8.3" in methanol.2s 

( b )  Coniponent 2, rZ, 0.70-0.71 in solvent 11, 494 nig. The 
sirup after drying had [CY]? + I l 6 "  in water ( e ,  2.8). De- 
methylation of a portion ( 2 7 5  mg.) gave galactosc and no 
other hexose. The galactose was separated from the other 
partial deniethylation products and transformed i n  the usual 
manner to  mucic acid, ni.p. and mixed m.p. 218'. Treatment 
of the methylated sugar with aniline gave A;-phcnyI-2,3,4,6- 
tetra-O-niethyl-D-galactosylamitie, m.p. 191-192", Io] -80 
+ +40" in acetone ( c ,  2.5): Lit. value for 2,3,4,6-tetra-O- 
methyl-D-galactose, R, 0.68 in solvent ll,zO. [ a ] D  f142 -. 
+I lS"  in water26; for N-phenylglycosylamine, m.p. 192', 
[ a ] ~  -83 + $41' in acetone.25 

(c )  Component 3, R, 0.55-0.56 in solvent 11, 21 mg. After 
drying thesirup had [CY]: +15" in water ( e ,  1.1). Deniethyl- 
ation of a few milligrams of the compound resulted in the 
formation of a component which chromatographically cor- 
responded to  mannose. Treatment of the methylated sugar 
with aniline resulted in the formation of some crystals which 
after washing with cold petroleum ether (b.p.  40-60") and 
drying on a porous plate had m.p. 13-133". The aniline 
condensation product had [a]:: +7.5 in methanol (c, 1.5): 
Lit. value for 2,4,fi-tri-O-methyl-o-1nannosr, IZ, 0.55 in sol- 
vent D,13 [CY]D +21 +. f14' in waterzi; for S-phenyl- 
glycosylamine, n1.p. 1:34", [a]I ,  - 150 -, $8" in 

( d )  Component 4 ,  R, 0.49-0.50 in solvent D, 542 mg. After 
drying, the sirup had [CY]: 118.5" in water (c, 4) .  Dc- 
methylation of a portion (300 mg.) of the component gave 
mannose and a small amount of galactose. Other partial 
demethylation products were also observed on the chroniato- 
grams. The mannose was separated chrornatographirally 
and readily formed a phenylhydrazone, m.p. and mixed m.p. 
198-200'. Treatment of the methylated sugar with aniline 
gave S-pheny1-2,3,6-tri-O-methyl-~-mannosylam~ne, ni.11. 
130-132', [ a ]Y  -145 --f -37" in methanol ( e ,  1.2). Th(2 
residual sirup from which no further crystalline, material 
could be obtained had   CY]^ -10" in methanol ( c ,  2.7). 1,t. 
value for 2,3,6-tri-O-methyl-~-mannose, 0.50 in solvent 
D,13 [elD +6, -10" in water28; for X-phenylglycosylamine, 
m.p. 127-128, 733, [ a ] =  -155 -, -39" in 

ous. 

(24) B. C. Hendricks and I t .  1,;. Ituudle, 7.  . l / t i .  ( ' / / v t t /  

Soc., 60, 2503 (1938). 
(25) J. C. Irvine and D. McSic%oll, 6. Am. Cheni. Soc , 97, 

1449 (1910). 
(26) F. Smith, J .  Chenl. s'oc., 744 (1939); JV. IC'. Haworth 

and Grace C .  Leitch, J .  Chem. SOC., 188 (1918); E. L. Hirst, 
J. K. N. Jones, and W. 0. "alder, J .  Chem. SOC., 1443 (1947). 

(27) W. N. Haworth, R. 1,. Heath, and S. Peat, J .  Chem. 
Soc., 833 (1941). 

(28) W. S. Haworth, E. L. Hirst, and $1. AI. T. Plant, 
J .  Chenr. SOC., 1354 (1031); E. I,. Hirst and J. K. X. Jones, 
J .  C h e w  Soc., 1278 (1948). 

J .  Chem. SOC.. 1349 (1931). 
(29) W. S. Haworth, E. L. Hirst, and H.  R. L. Streight, 

(?,O) F. Smith.  .I I ? , !  rho,/. Soc.,  7 0 ,  :324!1 (1!)48). 
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( e )  Component 6, fi1 0.214.22, 4 l i  nig. .ifter drying, tht. 
nirup had [a] '," - 15" in water ( c ,  5.2) and f5 .7"  in inethanol 
( c ,  5.2). Demethylation of a portion (215 rng.) of the  rnethyl- 
ated sugar afforded inannose as the  only hexose and other 
partial demethylation products. The  inannose was separated 
from the other components 11y papcr chromatography and 
readily gave a phenylhydrazone, m.p. arid inised m.p. 198- 
200°, [a]: +33" in pyridine (c, 2.0). Treatinentof the 
methylated sugar with p-nitrobenzyl chloride and pyridine 
gave crystallinr 1,4,6-tri-p-nitrobenzoyl-2,3,-di-O-niethyl-~- 
inannose whch had m.p. 391-193', [CY] :: +&I" in chloroforni 
( c ,  3.0): Lit. value for 2,3-di-O-nietliyl-~-mannose, Rl 0.22 
in solvent 1>,13 [ a ] ~  - 15.8' in \rater31; for 1,4,G-tri-p-nitro- 
benzoate, m.p. 1W0, [ a ] ~  + 6 5 O  in chloroforniP 

A summary of the yiiantities of the comporieiits ohtaiiied 

i roni  the hydrolyzate oi the iiietli) lated gum aiici the oh- 
served R f  values in  solvent D is given below. 

I t  3 Weight, 
Coinpoiieii t Solvent L, M g .  Mnioleb 

- Unknown a 0.82 16 
1 0.78-0. i 9  116 0 .49  
2 0.70-0.71 494 2.09 
3 0.55-0.56 21 0.09 
4 a  0.49-0.50 542 2 . 4 6  
3 0.20-0.21 417 2.00 

- Unknown IJ 0.11-0.12 14 

0 Contains S O I ~ P  methylated galactose derivative, pres- 
suinably 2,3,6- or 2,4,6- or both. 

(31) G.  T. Robertson, J .  ChenL. Soc., 330 (1934). HO.\IOLI LI 14, H.41Y.411 
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Polymerization of Anhydro Sugar Derivatives. 111. 
2,6-Anhydro-p-n-galactopyranose and Its 2-&Methyl Ether 

ANIL BHATTACHARYdl \ND CONRAD SCHI-ERCH 

Thcl polymerization of D-g;tl:iCtOSan to  high inoleciilar weight lxaiicahed ~,ol~sac:ch:tridt~s is descsribed. T h e  opticd rotation 
of the  product, shows the presence of a mixtiirc of CY and B linkngw. Period:ite oxidation indicates a prodiict with forty-three 
of one hundred units urisubstituted 011 t h r  secondary hydroxyls, fift\.-six s i i h t i t i i t d  on C-2 or  C-4 rind only onr  iinit resistant 
to  periodate (substituted on C-8 or disubstitutrd). The 2-0-mrthyl ethrr is very rcsist:int, to po1yrnerix:itioli presumably 
because transformation of the 1 ,&anhydro ring to  the l,2-:mhydro ring is inipossi1,l~. 

In a rei~ivest'igatiori~ of Pictetj's3 polymerization 
of levoglucosan, it has heen shown that, highly 
branched glucosans are produced linked primarily 
1,ci- and to  a lesser degree i n  the 2,4- and probably 
8-positions. Both a: and aiiomerir forms were 
show1 to be present and these c*onc~lusio~is wercl 
generally confirinrd and extended by WolOorn aiid 
eo-workers in a c.oiicurreiit~ research. + t 5  The highesl 
weight, average niolecular weights achiei-ed in 
this laboratory were about 20,000 :ts measured by 
means of the ultracentrifuge. The products were 
contaminated by a small percentage of microgel 
byproduct' which was eliminated in the ultraccntri- 
fuge determination but which causrd molecular 

\\eight b ineabured by light scattering to be sub- 
it:mtially higher.6 

111 order to cxplaiii the presence of a linkages in 
t h c  polyinrr, we have proposed a reaction nircha: 
iii,ni i i i \d \mg the interaction of the 2-hydroxyl 
group \ \ i t  h thr (7-1 carbon atom in the tranvtiou 
* ta t?  Alba aiid Prins point out that the inolecular 

~ i p h t  di.trihution is most readily explained if, 
(wiivrirreiit t o  our proposed reaction, a mow rapld 
dimr~izatioii occurs by the reaction of t n  o :inhydro 
rnigh The rewtive intermediate is assumed then to 
attack hydroxyl groups indiscrinmiately. 

In order to gain further perspective 011 the mecha- 
niim of this reartioil and to obtain further exam- 
pleh, we now h a w  studied the polyniei*iz:ition of 
1 .(i-niihycti~o-~-i~-~:ilactosr aird it,s 2-0-niethyl ether. 

- 

( 1 )  Present address: Sectioii on Carbohycir:itw, I2at ior .u-  
tory of Chemistry, Xational Institute of Arthritiy : ~ n d  
1Zetabolic Ilisease;,' Rethesdu 14. AId. 

(2 )  J .  daS. Carvalho, I\-. Prins, and C. Scliii~rc*h, ./. 

(3)  (a)  A. Pictet and J. Snrasin, Hell, .  C h z m  . M u ,  1, 8; 
(,1918); ( b )  .4. Pictet, Helz.. Chin. rlctu, 1, 22fi ( l S 1 8 j :  
( c )  A. Pictct and J. Pictct, Helo. Cliirn. Acta, 4 ,  788 (1021); 
( d )  A. Pictet and J. Pictet, Compt. rend., 173, 158 (1921). 
( e )  A. Pictet and J. H. Ross, Coiitpl. rend . ,  174, 1113 (1922); 
( f )  A. Pictet and J. H. Ross, Hell!. Chiiit. .tctci. 5 ,  8 i ( \  

. l ~ t .  Cheltt. SOC., 81, 4054 (1959). 1'X 1'); lt I hll.; S'YAI, 

I ' w p i i ~ ~ u t i ~ i ~ i  ( i t id  r'soicifio~i of i)iori,oi/ie/'.s utttl p d { J I i / W S .  I)-  
Galact os:iii :tiid its 2-0-inethyl ether were prepared rcspec- 
tivclj. by pyrolysis of a-lactose n io~iohydra te~  and by di- 
methyl sulfate niethylation and hydrolysis of 3,4-ieopropyl- 
ideii~-r)-gnlnctosan.8 T h r  ph:.sicd properties of the former 
i \ . ( L r ( s :  i i1 .p .  22:3--22lo In]?,: -22' i c  = 1.96) :in(I the lattrr:  

-~ 


