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This report shows that deacetylatlon of cc- or &lactose octaacetate m methanol 
with potassmm methoxlde or potassmm hydroxide sves /?-lactose m good yield, 
whereas with trlethylamme or ammoma, an amorphous, anomerlc mixture (ar B = 
55 45) IS obtained c+Lactose monohydrate IS converted mto &lactose with potassium 
methoxide or potassium hydroxide m methanol, whereas, under the same condltlons, 
the three anhydrous forms of lactose are unaffected 

In this contmuatton of studies’ of the effects of methanol on lactose, we have 
examined the form of lactose obtamed on deacetylatlon of CL- (1) and p- (2) lactose 
octaacetates’ m methanol contauung potassium methoxlde3 4 Deacetylatlon of 2 
was performed by Kunz and Hudson’, who stated that “no difficulty was found m 
preparing crystallme lactose m high yield by the sapomficatlon of lactose octa- 
acetate”, however, no mformatlon was gven as to the anomerlc nature of the 
crystalhne lactose or the reagent and cond&ons used for sapomficatlon In a prior 
study mvolvmg /3-lactose heptaacetate, Hudson and Sayre6 performed the sapomfi- 
catlon with alcoholic potassmm hydroxide and identified the resulting lactose by its 
rotatory power m water, but agam the anomerlc nature of the lactose was not stated 
Later, Hudson and co-workers7 described a synthesis of lactose mvolvmg deacetylatlon 
of 2 with barmm methoxlde m methanol, and crystalhzatlon from aqueous ethanol, 
to give xc-lactose monohydrate (3) m 94% yield, and Cadenas and Deferrarl’ de- 
acetylated 2 with 16 oA methanohc ammoma, and crystalhzed the product from aqueous 
ethanol to give 3 In 71% yield Our observation of the nature of the product of the 
deacetylatlon of 1 and 2 led us to examme the effects of potassmm hydroxide and 
potassium methoxlde m methanol on 3 and on the three forms of anhydrous lac- 
tose 9-11 
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EXPERIMENTAL 

Compound 3 (Sigma Chemical Co *, St. LOUIS, MO) was used wlthout further 
punficatlon Stable, anhydrous, a-lactose9 (as) and hygroscoplc, anhydrous, a- 

lactose1 O (a”) were prepared by heating 3 for 3 h at 130” m air or for 16 h at 130” 
zn V(ICUO, respectively Anhydrous a-lactose” (aM) was made by bolhng 3 under 
reflux for 2 h mth ten times its weight of abs methanol, followed by drying for 48 h 
at 65” 111 vacua Complexes of the anomerlc forms of anhydrous lactose m the ratlo 
a jl = 4 1 (ref 12) and a /3 = 5 3 (ref 13) were also prepared from 3 /?-Lactose 
was obtamed by crystalhzatlon from a bollmg, aqueous solution of 3, the crystals 
were washed with hot glycerol (140”) followed by bolhng ethanol14, and then dried 
zn vacua for 24 h at 65” Compounds 1 and 2, made by the procedure of Hudson 
and Johnson’, had physlcal constants m good agreement with those reported 

The general procedure employed with the foregoing compounds was to stir 
the compound (15 g) with abs methanol (150 mL) contammg 0 014~ potassmm 
hydroxide or potassium methoxlde After a selected time (0 5-24 h) at 27” or at 
reflux, the sohd materIa1 was removed by filtration, washed with methanol, and then 
dried to constant weight (16-48 h) at 65” ztz vacua 

A DuPont Model 990 thermal analyzer, operated III the dlfferentlal-scannmg 
calorimetry (d s c ) mode, was used to determme melting pomts, and the purity 
of samples was estabhshed by analysis of the d s c -fusion thermograms by the 
procedure of Sondack” Intensity data and spacmgs of X-ray powder dIffractron 
patterns were obtained by use of a Phlhps, vertical powder diffractometer and 
procedures similar to those described by Buma and W!egers16 Debye-Scherrer 
dlffractlon films of the samples mixed with aluminum powder were used m calibration, 
and copper radiation was used wrth a mckel-foil filter Intensities were estimated 
visually, and no correctlons have been apphed Optical-rotation data were obtamed 
with 2 QA aqueous solutions at 589 nm in a I-dm tube with a Perkrn-Elmer Model 141 
polanmeter, mltlal rotations were obtamed by extrapolation from observations made 
from 2 to 12 mm, and equlhbrmm values were read at 24 h Potassium analyses were 
performed by atomic absorption spectroscopy by use of a Perkm-Elmer Model 306 
instrument 

RESULTS AND DISCUSSION 

Vanous conditions have been employed3 4 17-1Q for the deacetylatlon of 
sugar acetates with alcoholic solutions of alkali metal alkoxldes We have used a 
solution of 14mhf potassmm methoxlde m methanol3 4 I7 to deacetylate 1 and 2 
for 24 h at 25” and have found that m each case the product, obtained m high yield 
(97 %), was identical to /3-lactose’ 4 by comparison of Its specific optical rotation and 

*Reference to brand or firm name does not constitute endorsement by the U S Department of 
Agnculture over others of a similar nature not mentioned 
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X-ray powder dtffractton pattern The prectpttated product from 2, Isolated after 

40 min of reactton (7% yield), was mainly amorphous by d s c. and showed [a]z 

+ 54 8 (mittal) + + 55 5” (eqmhbrmm), the latter value bemg that of anhydrous 

lactose, and contamed no acetyl groups based on I r. exammatron and spectrophoto- 

metric analysts20, further treatment of thts product with potassmm methoxtde m 

methanol for 24 h gave crystalhne B-lactose The prectpttated product from 2, isolated 

after reactron for 65 mm (43 % yreld), was mainly amorphous by d s c and showed 

Cal? +42 1 (uutlal) + +55 5” (eqmhbnum) and was converted mto crystalhne 
&lactose on further reactton with potassium methoxide in methanol for 24 h The 

prectpttated product from 1, Isolated after 40 mm of reactton (12 % yteld), was 

mamly amorphous by d s c and showed [a]r +76 3 (mmal) + + 55 5” (equthb- 

rmm), namely, a ratto of o! to /J of 3 1 initially, and rt contamed no acetyl groups, 

again, further reactton of this product gave crystalline /J-lactose The precrprtated 

product from 1, Isolated after 90 mm of reaction (50 % yield), was mainly amorphous 

by d s c and showed [a]:’ +50 2 (uuttal) f + 55 5” (equthbrmm) and was con- 

verted xnto crystallme /I-lactose on further reaction wrth potassrum methoxtde m 

methanol for 24 h Compounds 1 or 2 wrth potassmm methoxtde m methanol at 
refiux” gave a white precrprtate after a few mm, and the product, isolated m 70-72 ok 

yield after 3 h, was crystalline p-lactose These results are summartzed m Table I 
Stmllar results were obtamed when sapomficatton was performed wrth 14mM potas- 

sium hydroxide m methanol6 
Deacetylatton of 1 and 2 wnh 0 28~ trrethylamme m methanol for 17 h at 25” 

gave m each instance a mixture of anhydrous a- and B-lactose (87% yield) m the 

ratio 55 45, as determmed from opttcal-rotation data This mixture was converted 
mto crystallme fi-lactose when boded for 2 h under reflux wrth potassium methoxtde 

m methanol 

Treatment of 1 or 2 wrth 16% methanohc ammoma’ gave an anhydrous 

TABLE I 

A\OMERlC hATURE OF THE LACTOSE OBTAIhED BY DEACETYLATION OF a- AND @sACrOSE OCTAACETATES 

WITH POTASSIUM hlETHOXIDE IN METHANOL 

Startmg matenal Temperature ( “C) Trme (h) Anomenc ratlo (p a) 
of lactose product 

a-lactose octaacetate 2.5 07 
25 15 
25 24 
65 3 

/?-lactose octaacetate 25 07 
25 11 
25 24 
6.5 3 

26 74” 
71 29a 

99 1 
99 1 
63 37” 
85 15= 
99 1 
99 1 

aAmorphous 
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lactose product, mainly amorphous, but contammg approximately 20 % of crystalhne 
material havmg m p (216”) ldentlcal to that of uhf, the anomerlc ratlo was cc p = 
55 45 by polanmetnc analysis 

The formatIon of &lactose on deacetylatlon of 1 or 2 (refs 5-8) has not been 
reported previously, because of final lsolatlon mvolvmg crystalhzatlon from aqueous 
ethanol to gve 3 In view of the subsequent conversIon into /?-lactose of the mter- 
mediate, amorphous products from the deacetylatlon of 1 or 2, we exammed the 
effects of the foregomg deacetylatlon reagents and condltlons on the various forms 
of lactose 

When 3 was stlrred at 25 o or boiled under reflux with 14mM potassmm methoxlde 
m methanol, converslon mto p-lactose was complete m 1-2 h Boded for 2 h under 
reflux with concentrations of potassium methoxlde m methanol of 1 4, 2 8, 7 0, and 
14mM gave converslons mto /?-lactose, as Judged by polanmetrlc analysis, of 9, 
12, 52, and 98’?, respectively The remamder of 3 was converted mto anhydrous 
(based on Karl Fischer moisture and polarlmetrlc analyses) u-lactose, with thermal 
propertles by d s c ClOSC to those” of uhI Complete converslon mto p-lactose also 
occurred when 3 was treated with 14mkf potassmm or sodmm methoxldes m ethanol 
or I-propanol Instead of methanol” Treatment of 3 with 14mM potassmm hydroxide 
m methanol at 27” or at the b p under reflux also gave p-lactose, but on bollmg 
under reflux with 14mM potassmm hydroxide m oxolane, 3 was recovered unchanged 
Treatment of compound 3 with 0 2~ potassmm hydroxide m 95 % aqueous methanol 
for 16 h at 27” gave a mixture of unchanged 3 and anhydrous lactose (a,), as Judged 
by d s c analysis, whereas on bollm g under reflux for 2 h with 14mhr potassmm 
hydroxide m 95% aqueous methanol, 3 was converted mto p-lactose The use of 
0 07hI trlethylamme m methanol gave a mixture of unchanged 3 (37 %) and anhydrous 

a-lactose (c+J (63 %), but no p-lactose, as based on Karl Fischer moisture, polan- 
metnc, and d s c analyses 

None of the three anhydrous forms of cc-lactoseg-” were converted mto /?- 

lactose by treatment with 14mhi potassmm methoxlde m methanol or 95-99 % aqueous 
methanol, or with up to 0 2~ potassmm hydroxide m methanol at 27” or at reflux 

Complexes of the anomerlc forms of anhydrous lactose m the ratios c1 /I = 
4 1 (ref 12) and tl /I = 5 3 (ref 13) gave /&lactose on bollmg for 3 h under reflux 
with 14mhr potassmm hydroxide or potassium methoxlde m methanol 

Treatment of 3 with 16% methanohc ammoma* gave a mainly amorphous 

mixture of the anomers of lactose m the ratlo c( p = 55 45, with about 20% of the 
material similar to ah%, and slmdar products were obtamed from the anhydrous forms 
of lactose (tls and IX& Thus, these products are closely slmllar to those from 1 and 2 

In no Instance, under the condmons we have used, have we found complexes 
of lactose with potassmm methoxlde4 I7 or potassrum acetatez2, the highest level 
of potassmm contammatlon determmed by atomic absorption spectroscopy bemg 
0 011 g-atom of potassium/m01 of lactose 

The dIffractIon spacings and relative mtensltles ofj3-lactose prepared by treat- 
ment of 3 with methanohc potassmm methoxlde agreed with those reported16 for 
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&lactose prepared by crystallization from borling water; slmrlarly, we have established 
that the anhydrous forms of a-lactose produced by heating m au (as)g or by heatmg 
111 methanol (aM)rl or ethanol gave rdentrcal drffractron spacing and relative intensities, 
the data agreeing wrth those reported16 for or, 

B-Lactose produced by treatment of 3 wrth potassium methoxrde had m-p 
232 o ‘and [a]g f33.9 (mitral) + + 55 7” (equmbnum), m good agreement wrth 
reported valuesI of +33 5 + + 55 5”; by determmatron from d s c. data”, the 
purity was 98 %_ the rmpurrtres bemg a-lactose and methanol. The crystalhte drameter 
m the product from treatment with potassmm methoxrde was 2 x lo-’ to 10S3 cm, 
whereas #I-lactose from aqueous solutron’4 ranged m stze from 4-8 x 10m3 cm, 
both products bemg very readily soluble m water Thus, treatment of 3 with potassmm 
methoxrde provrdes a raptd and convement procedure for the preparation of /I-lactose 
m excellent yreld 
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