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The lack of crystalline derivatives suitable for 
the identification of partialiy methylated glumes 
has long been apparent, especially as the phenyl- 
osazone reaction is in many cases of little service. 
For many reasons the most suitable type oi refer- 
ence compound is to be found in the corresponding 
a- or p-methylglucoside, the latter being superior 
from a practical point of view as they are generally 
more readily crystalline and have higher melting 
points than the a-isomerides. Accordingly a 
survey has been made of the methods of preparing 
P-methylglucosides of typical partially methylated 
glucoses. 

It was found that processes based on the con- 
version of such sugars into the acetobromo deriva- 
tives according to the original method described 
by Fischer' are unsatisfactory and recourse 
was had to the formation and subsequent reac- 
tion with methyl alcohol of the corresponding 
bromobenzoyl derivatives. As discovered by 
Fischer2 pentabenzoylglucose is smoothly con- 
verted into tetrabenzoylbromoglucose and there- 
after into tetrabenzoyl-B-methylglucoside, This 
method, modiPed to accommodate the diiTerent 
solubilities involved, has bem found to be ap- 
plicable to all types of partially methylated 
glucoses. The processes involved are somewhat 
tedious, and practice is necessary before the best 
results can be obtained, but as the yields can be 
as high as 85% and rarely fall below 45% of the 
theoretical amount, the method is a substantial 
improvement on any hitherto described in the 
literature. The examples now quoted include 
the preparation of the &methylglumsides of (a) 
2-monomethylglucase, (b) 3-monomethylglucose, 
(c) 2,3-&rnethyfglucoee, (d) 2,4,6-MmeOhylglucose, 
(e) 2,3,6-trimethylglucose. The first mentioned 
compound has been described for the first time; 
the second has recently been prepared by Bel- 
fwich,a who obtained it by the aoetobromo method 
in greatly inferior yield; the 2,3-dimethyl-8- 
methylglucoside, which was formerly described by 
Oldham and Rutherford4 as a sirup has now been 
obtained in the crystalline condition; the 2,3,6- 

(1) Fischer, Bcr., 49, 584 (1916). 
(2) Fischer. A n n ,  188, 68 (1911). 
(3) Helferich, J .  9rakl. Chcm , 11, 132, 321 (1932) 
(4) Oldham and Rutherford, THIS JOURNAL, 84, 366 (1932). 

trimethyl-@-methylglucoside has already been 
described by Schlubach and Moog6 and by Iwine 
and McDonald,'] while the 2,4,6-isomeride was 
apparently enwuntered by Haworth' in an impure 
state. As 3,4,6-trimethyl-~-methylglucoside has 
hen synthesized recently in this Laboratory and 
as the 2,3,4-trimethyl derivative is already 
known,* the four possible isomeric trimethyl-& 
methylglucosides of the normal type have now 
been characterized. As these compounds are of 
special importance in constitutional studies, 
their properties ai-e tabulated for comparison. 

Specific rotation for c 
approx. 5% 

gf3Ye%f 
trimethyl- 

glwose M. D., ''2. in HzO in MeOH in CHCls 

2,3,4 93-94 -19.6 -22.9 -20.2 
2,3,6 59-60 -29.9 -35.1 -47.5 
24,6 70-71 -25.1 -23.4 -27.4 
3,4,6 52-53 - 7 . 3  - 9.1  -15.2 

The optical values emphasize the importance for 
identification work of determining the specific ro- 
tations of such compounds in more than one 
sdvent, 
In the work now described] when inferior yields 

of 8-glucosides are obtained, this is invariably due 
to a portion of the sugar undergoing benzoylation 
where possible in the y-form, giving benzoyl 
derivatives from which the parent sugar can only 
be partially regenerated owing to the formation 
of obscure by-products.@ 

Experimental 
General Directions 

Bwtz&aW.-A ao-sQ% exoew of h r o y l  chloride is 
added with cooling to a SalutiSn of the sugar io about 1.5 
times the theoretical amount of pyridine. After standing 
overnight the mass is  rubbed vith water to destroy 
excess benzoyl chloride, and benzene and water are added 
to dissolve the reaction products. The water layer is 
separated and extracted once with benzene, the total ben- 
zene is then w a h d  twkx with ¶6-!N% aqaeous hydro- 
__c___ 

(5) Schlubach and Moog, Ber., 86, 1957 (1923). 
(6) Irvine and McDonald, J .  Chcm. Soc , 1502 (1926). 
(7) Haworth, rbid., 273 (1926). 
(8) Irvine and Oldham, J .  Chcm. Soc., 119, 1744 (1921). 
(9) 2,4,6-Trimethylglucose: The fact that the other three com- 

pounds in the table have been definitely synthesized is sufficient 
proof of the correctness of the tentative formula proposed by Ha- 
worth (206. cit.) for this substance but it  may be recorded here that it  
has also been synthesized by a method that leaves no doubt as to its 
constitution The description of this work is withheld until a forth- 
coming paper. 



chknic acid, m d  once with dikk  4 i u m  bydrarcidc 
wlution. 'The k n u n e  solcltitm is then drkd (rccr scrB)um 
sulfate and taken to drymsr; a t  MWo. When *tdcb?g 
with niommvthylglwnws tht bmumte is oryrtdlized at 
this stage from methyl alcwhol and well wahed wi th  the 
same w l v m .  In  othw caws the ptoduct i s  convcttrd 
dirrctly to thr glwosidc. The mecliyl altohollc rttbth~r 
liquors corrtairi tmznylated d r r i n t h c s  of the nf 
t h v  sugar froiii which ttir latter can he partially r r r m v c d  
as clewritmd iii t he CILW (if : ~ - r i i o n o c n e t h y l g l ~ ~ .  

Comerslun to the Glucoside.- .'The hnroyl  derivative 
is diswlvc.tl i i i  IO(% tot;t l  concriitratiori, iri  a systeril co11- 
taining (t)y voliirrir) 55cjlo o f  lmizenc, 20% of a saturatc*d 
wluticn! of hydrogerl t)rolriide in glxfhl wetic acid orid 
I:io/b of dry cthcr. After stantlitig until the hlitkal rota- 
tion rcitetirs a rriasirntriri (11 lioiirs fta iiiontniirtliyl, 
.I 5 hours for ciirrtethyl and 2 hcnirs for tririicthyl, tlcriva- 
rivw). the sriliititni is wiLJhetl with twnruric. Into a stparat- 
iiig ftrciricl, !ihokeii twice with water itfld then wtth a r o t t -  
ccritratrd uililtiori of pot&<siiiiii l)icarlmiatc. until r i o  morc 
cffcrvweencr take# ~)l;uu.. 'f'hr t ~ r i r ~ n e  ~ l i t t i ~ ~ i  after 
drying iwer udium sulfate end filtration is mixcd with 
;ibout Iidf its mri voliime of methyl &ohof. and a *eight 
of silver cartmnate is added equal to  that of the sugar m'igi- 
rially uwd. 'I'hirc rriixtirrc: is ~hakrr i  until thr sup*riiatant 
liquid is frrr froin t)rnnliiic., iriore silver carbonate heinn 
addrd if ncct*s!iry, and aftc~r filtration is taken to tlryness. 
'I'hr product shotild not rediicr 1:ehling's uiltrrion 1)Iit  i f  i t  
d t m  so i t  should Ix tnrthylatctl wi th  silver onitlr ;tiid 

methyl itwlide. Crystalli;?atirni at this stage need lw 
rnmcd out onty in t k  caw of the monomethyl g l u c w .  

Debsnzoyhtion. VCK monomrthyl arid clinirthyl de- 
rivative!, the in*nmylatrtl glwmide i s  diswlvrd in a little 
hot methyl (w  ethyl alcohol, and to this is added a Wright 
of pot%duiii eqie l  ti) onr-fiftirth of the wriflht trf iilatrrial 
taken (but lrvs t hail 0.2 4l . :4  g. of pntassiiirn should iiovcr 
Ir eniployrd 1 previously dippolvrd in the  same vllvcrrt. 
'I'he solution is then tx)ilrd for half a rriirriite, watrr nddcvl 
;tiid tht- syntriit ronrc..~itriltctf tpa~ocun at l w '  untll IK, iiiorv 

oily t iroim of iiiethyl or c-tllyl In~nrrmtc~ distil If more 
than a tram of i1isn1ut)lc rn:itc*rial remiins i n  thr soltitimi 
i t  shnultl In* ewtractrd tlirrc tiriws witti chloraforrri, the 
rhloroforrii rcinovrd ;tiid th r  wholc procesq nf dcheiimyln- 
t ion rcpcatrtl OII t!ir rcsitluc. 'I'he cotiil)iricd aqitcotis 
wliitioiis arc tlicri tn-atcd with slightly lrss than thr rrqui- 
5 i t r  ariiouiit o f  tartaric. acid to convert the potassiuiii lo  the 
acid s a l t ,  filtered, anti repeatedly rxtrarted with chltmftmnri 
t o  rciiiovc lxiizoic acid arid rolor. Thc scttmqcwtit Ida-  
t ion frorii t hc. clear aqiwoiis s)lutiori so ot)tairicd varies 
itc~cordirig 1 1 )  the i i i i i i i t )cr  of methyl groiips i t i  thc  sugar. 
:rnd in the CBW of the t r i i i i c t t i ~ l ~ l ~ i c c ~ ~ s  th r  prwrtiurc is 
difft*rciiI throiighoiit a s  ctrwritxd later. 

Application to l - l o n o h r e t h ~ ~ u o o a s  

'I'hr crude crystals of t et r ~ h p ~ i t o y ) n ~ o n ~ l ~ t t i y l ~ ~ ~ ~ ~ e  
ot)taiued a~ descritwd i n  the ge l led  awmnt amount to 
7270 of the ttieorrticat yield arid corLsist of a mixture of 
P and f l  forms from which thc pure f l  coiripouliti can tx ob- 
tained b y  rcrrystallizing f ro in  glack~l acetic arid, arid 
amounts t o  ;itxnit !tOc/b of fhc t o t a l  crystals. The pure 
c w i i i p o i i i i d  cot i4s tk  of I)rrlkcw prisms inwlul)lr i n  wiitrr and 
prtrolctini v t  k r .  vvr y q):tri~igly wlublc in cold ;Ilcohols. 

e t k r  or amtie &id, tcadily d u b l c  ih otk-r u)lvc.iit~; 

Y W d :  OW,  5.11. [a]" In chlorddrrh -6.2" for c = 
5.1 1Wo. 

For convevbii to the g l d d c  thr chide crystals can 
lw used. During this process the rotation of thc winhitinn 
row to [a]!) + 1H2.4"and thecnrde glucoside was obtained 
in quantitative ylcld. Oh crystanization from abwlutr 
;tlcOtiol ptirr t r i ~ i a y f ~ 2 - m t m ~ r t h p l - ~ - r n e t h y l ~ t r r c ~ d r  
WILS. iwlated as t)rokcn prisms mrlttng at 119. 12fOc. in- 
solutile in water, r thrr  arid Iwtrolciim rtlirr, sparingly 
wltil~le iri cold alcohols and acrtic arid, snlut)lc in other 
wlvrnts. Calcd. f t r  CnPi:&9: OMc, 11.9. Found: 
OMr, 11.9. 

Aftcr tlrbenznylation the  clrar aqueous so l t i t  ion ol)tained 
as alrratiy descrllwd In t h e  general account was takcn to 
drynrss and tlic stliitl residue rstracted with acetone, the 
KluccMc lwing h l a t r d  in 97% yicld. Aftrr two rrcrystalli- 
zatioiis from prrqq4 3r(8t3tt, i t  was ot>taiiird ii5 minute 
prisms iiitgltiiig at !t7 !In ', iiiu~lcihlc i n  cthrr. Ixiizrnc ; i i i t l  

petrolc~rtri rthrr.  soIi1l~lv in oflief ~ ~ l v e n t s .  Calctl. f o r  
C l l I160b:  OM(*, 2!)X I:ouriti: OMc. 293 .  I'hr rotatioil 
i n  water and inethyl  dlcohnl was [all ,  -,37 5 ' .  - 4 1  0 '  
for c = 5.048 and 5 O:hi~o, respectively. 

Application to 3-Modoinethylglucose. I n  this case 
ala) the criitfr cr.ystallinc trtratn.nzoatc is ol)tairic*tl in 
7'2% yield Thc purr f l  foriii (from glacial acetic acid) 
rrirltccl :it .l!K)' itritl consisted of t)rokcii prisms with 
thr w i i c  u)liil)ilitirs LS the corrrslwiidiiig 2~riiorioiiirthyl 
tirrivativc. Calcd. for C J i a d h :  Ohfe, 5 ( t X  I : o u i i d :  

OMr, 5.0S. lull) iri chloroforiri was 3.f;' for c = -i.CHy5, 
111 this cxw alsn the crude crystals c;tn 1 ~ '  uwtl for coii- 

version t o  t h i s  glucoside. 'f'hc rotation of tlir so l i t t i o r i  rose 
to  +1'2S.X' iii six hours and after the usual prcxctlurc t l i c  
yicltl of crude t n ~ x r i ~ y l ~ ~ ~ ~ i ~ i o ~ i o ~ ~ ~ c l ~ i y ~ - ~ ~ ~ i i r t ~ i y ~ ~ l i i ~  
cosidc w ~ s  quantitative. After scveral rrcrystdlizations 
from absolute alcohol the nieltirig point was 125-~t2fio, I ) u t  
this figure is somewhat uncertain as the value aplwarrtl to 

r iw to atw)ut 130°, and thrn o i i  further rrcryst;dIi~,tiori t o  
fall to the figure quoted. The pure glucoside (yield atmit 
(W%) consisted of long ~iarrow prisms irisolut)lc iri watcr. 
ctticr and petroleum ether, sparingly solul)le i r i  cold al- 
cohols arid acetic wid, solul~le in other solvciits. C;tlrtI 
for C2011:r09: OMe, 11.9. Fourid: OMe, I f !  0. 'I'lic. 
rotation was irregular i r i  chloroforrii, hirig 14.7 ~ f o r  c .= 
5.(11fiyo. 

1)elxmtoylatiori wits c~riarititative I n i t  3 irionotiicttiyl- 

~-riic*thylgliicosItlc is a sirup, though on dissolving ir i  

cliloroform arid ctwlirig a crystalline suhstaricr wparatetl 
which ;ipIwars t o  In- a chloroforni atitlit ioii coriil)ouiid 
siricr i t  at oiicr Ixco~iirs sirupy i i i  contact witti  any othcr 
wlvcrit. Vurthcr, the crystals aftrr drying ovrrnigtit iii a 
v a c u u ~ ~ i  desiccator contitirift1 coiiit)iiird chloritic ;tiid 

reduced Fehling's solution, dtliougli t h e  rriatrrial as iw- 
latctl froiri acetorii* did iiot do so, arid o i i  tlryirig i n  a vac. 
u i i i i i  at 1o03 lost approsiriiatcly tlie wrigtit rcquircd for 
orir tiiolcciilar proportioii of chloroform. This coriipoucitl 
although it rariiiot tx isc)laced arid prrwrvcci eitii In. iiwd 
nrvcrthelrss to purify the glurositlr siricc i t  is strfficicritly 
st;il)le t o  lw filtcrrd arid w d i r t l  irfrcr w1iic.h i t  c 'a i i  In* tlrictl 
at 1 I W t '  when i t  r ( v* r l s  t o  the kiriipy ~Ii ic .o~idv 'I'liv ).ic*ld 
of purified inaterial obtairic-ti hy t h i s  prtxc5s i \  o f  the orclcr 

n ~ .  p. 16+lrOo. CalCd. fW CsH&io: OMc. 5.W. 

[o]l,irichlorofonri -404Oforc = 5 I=%. 
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of 90%. The sirupy glucoside is insoluble in ether, pe- 
troleum ether and cold chloroform, soluble in other sol- 
vents. Calcd. for CgH1600s: OMe, 29.8. Found: OMe, 
28.7%. The [aID in water was -26.6' and in methyl 
alcohol -30.2' for c = 5.507 and 5.017'%, respectively. 
The methyl alcoholic mother liquors from the preparation 
of the tetrabenzoate contain y forms which are recoverable. 
The solution is taken to  dryness and then treated in the 
usual manner with hydrogen bromide, etc., left overnight 
in 1% acid methyl alcohol in the cold, methylated with 
methyl iodide and silver oxide until the action on Fehling's 
solution vanishes, and finally debenzoylated and isolated 
in the usual manner. All these processes are practically 
quantitative. After hydrolysis with 8% aqueous hydro- 
chloric acid the original sugar is recovered in good yield 
and crystallizes to the extent of about 50%. The residue 
does not crystallize on further standing nor does i t  yield 
on benzoylation any appreciable quantity of the crystalline 
tetrabenzoate. The total yield of methylglucoside ob- 
tainable is of the order of 84%. This method of recovering 
y forms applies equally, as already stated, to 2-mono- 
methylglucose. 

Application to 2,3-Dimethylglucose.-From the  crude 
benzoylated product the 01 form of the tribenzoate can be 
obtained in poor yield by crystallization from alcohol, 
but i t  is better to convert the unpurified product into the 
glucoside. The latter can likewise be 6rystallized at this 
stage, but i t  is more convenient to debenzoylate it without 
purification. To the clear aqueous solution ultimately 
obtained is added much potassium carbonate and the 
system is then extracted three times with chloroform, which 
removes 70% of the dissolved product. On rebenzoyla- 
tion, followed by crystallization from butyl alcohol and 
petroleum ether about 27% of the sugar is obtained as the 
benzoylated glucoside. This consists of fine felted needles 
of m. p. 99-101', soluble in all solvents except water and 
petroleum ether. Calcd. for Q~H2s08: OMe, 21.6. 
Found: Oble, 20.9. The rotation in chloroform was 
[alD -8.2" for c = 5.238%. On debenzoylation this 
material gave a 92% yield of crude product, falling to 80% 
on recrystallization from carbon tetrachloride. The 2,3- 
dimethylmet hylglucoside thus obtained consists of prisms 
melting at 62-64', soluble in all solvents except petroleum 
ether. Calcd. for CsHlaOe: OMe, 41.9. Found: OMe, 
41.3. The rotation was determined in a number of sol- 
vents: [&ID in chloroform -47.8" for c = 4.364%; in 
acetone, -38.7"for c = 5.021%; in water, -36.6' for c = 
5.057%. The material remaining in the potassium car- 
bonate solution from the original conversion to the gluco- 
side appears to consist of obscure by-products, deficient in 
methoxyl, and giving only a 15% yield of the glucoside 
on hydrolysis followed by benzoylation, etc. The mother 
liquors from the crystallization of the benzoylated gluco- 
side described above consisted of the y form of the glucoside 
from which the parent sugar can be recovered in fairly good 
yield on debenzoylation and hydrolysis. This can if neces- 
sary be again converted to the glucoside. The over-all 
yield of the glucoside obtainable by all these operations is 
of the order of 54% of the theoretical. 

Application to 2,4,6-Trimethylglucose.-The ben- 
zoylated sugar was converted into the corresponding gluco- 
side in the usual manner. For debenzoylation the initial 
stages were the same as already described, except that 
sodium was used instead of potassium and the concen- 
trated aqueous solution obtained after the removal of the 
methyl benzoate was boiled for half an hour with a further 
quantity of dilute sodium hydroxide and then extracted 
five or six times with chloroform. A 92% yield of the 
glucoside was thus obtained. This crystallized well from 
light petroleum ether, giving after several recrystallizations 
prisms of m.  p .  70-71", sparingly soluble in petroleum 
ether, soluble in all other solvents. Calcd. for CI~Hz0O6: 
OMe, 52.5. Found: OMe, 51.7. [elD in chloroform, 
-27.4' for c = 5.021%; in methyl alcohol, -23.4" for 
c = 5.0157u; in water, -25.1' for c = 5.038%. 

Application to 2,3,6-Trimethylglucose.-The isolation 
of the glucoside was carried out as described for 2,4,6- 
trimethylglucose but boiling with alkali after debenzoyla- 
tion unexpectedly caused much decomposition, although 
the product was without action on Fehling's solution. A 
71% yield of the glucoside was obtained on removing the 
chloroform and this when distilled in a vacuum left no 
residue. The distillate which consisted of a mixture of the 
normal and y forms was boiled for four hours with N/70 
aqueous hydrochloric acid, a reagent which hydrolyzes 
the y-glucoside but has no effect on the normal form. 
The solution on extraction with chloroform gave the nor- 
mal glucoside (80% of the total present) while the aqueous 
solution contained free 2,3,6-trimethylglucose which was 
isolated by saturating the solution with potassium car- 
bonate and extracting with chloroform. The product was 
crystallized from light petroleum ether, giving an 800/0yield 
of pure 2,3,6-trimethyl-~-methylglucoside and the residue 
was still largely crystalline. By hydrolyzing the above 
residue and utilizing the free sugar so obtained together 
with that from the y-glucoside the over-all yield of pure 
glucoside amounted to 60%. The pure @-glucoside con- 
sisted of prisms m. p. 59-60" soluble in all solvents except 
petroleum ether. Calcd. for CloH~oOe: OMe, 52.5. 
Found: OMe, 51.4. The rotation was as follows: [eln in 
methyl alcohol, -35.1' for c = 5.026%; in chloroform, 
-47.5"for c = 5.006%; in water, -29.9" for c = 5.018%. 

In conclusion the author wishes to express his 
thanks to Principal Sir James C. Irvine for his 
constant and kindly interest in the work, and for 
much invaluable criticism and advice. 

Summary 
An improved general method of preparing 0- 

methylglucosides of partially methylated glucoses 
is described, specific directions being given in the 
cases of: (a) 2-monomethylglucose, (b) 3-mono- 
methylglucose , (c) 2,3- dimeth y lglucose , (d) 2,3,6- 
trimethylglucose and (e) 2,4,6-trimethylglucose. 
ST. ANDREWS, SCOTLAND RECEIVED FEBRUARY 26, 1934 


