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Bromination of 5-cthyl-10,l U-diphenyl-5,lO-dihyclrophenazasiline under several different conditions has given 5-ethyl 
2,8-dibromo-lO,l0-diphenyl-5,I0-dihydrophenaznsilir~r, 2-(~~-ethyl-2,4-dibromoanilino)-5-bromophenyldiphengl~ilanol, S- 
eth~l-2,2‘,4,4’-tetrsbromodiphrnylan1ine, and 2,2’,4,4’-tetrabromodiphenyIamine. The formation of 5-ethyl-2,8-dixnethyl- 
10,10-diphcnyl-5,10-dihydroph~nilzasiliile by two schcmes, intrrrelating 5-ethyl-2,8-dibromo-10,10-diphenyl-5,lO-dihydro- 
phmazasiline and 2,2’-dibromodi-p-tolylarnine, is also prrsentcd. 

Syntheses of hronioaryl silicori coriipouiids have 
been accomplished by direct bromination, but iii 

many cases rapid cleavage of carbon-silicon bonds 
occurs. Treatment of tetraphenylsilane with bro- 
mine gives bromobenzene, bromotriphenylsilane, 
and dibromodipheiiylsilane.l Similarly, trimethyl- 
phenylsilane undergoes vleavage to  afford good 
yields of bromohenzene and bromotririiethylsilane. 
On the other hand, trichloropheiivlqilane may be 
brominated iii the presence of iron to give the cor- 
responding 4-hromo and 2,4-dihromo compounds. 

In connection with our investigatioiis in the 5,lO- 
dihydrophenazasiliiie series,4s5 5-ethyl-10,lO-di- 
phenyl-5,1O-dihydrophenazasil1rie (I) has beeii al- 
lowed to  react v i th  bromine under several dif- 
ferent, conditions. The addition of bromine to a 
carbon disulfide solution of the phenazasiline com- 
pound, cooled to -2O”, gave a 21% yield of 5-  
ethyl - 2,8 - dihromo - 10,lO - diphenyl - 5,lO- 
dihydrophenazahilai~e (11). There were also iso- 
lated small nmoun t i of silicon-carbon cleavage prod- 
uct?, S-ethyl-2,2‘,4,4’-tetrabromodipheiiylamine 
(111) and a silniinl-containing compound tenta- 
tively identified as ‘.‘-(N-ethyl-2,4-dihromoanilino)- 
5-bromopheiiyldipheiiyl~ilaiiol (IT.’), in addition to a 
27% recovery of itarting compound I. -1 slightly 
improved yield (2+TC;) of the 2,8-dibromo com- 
pound IT was obtained, ~ h e i i  the reaction mixture 
was allowed t o warm to room temperature, but 
only llyc of the phcnnmsilinc rompoiincl I was 
recovered. 

When brominv 1va5 added t o  n cold glacial acetic 
acid solution of thr  phrnaz:isilinc compound, rmly 
small am nun t s of 1Y-p t hyl-2, 2 ’, 4,4’-t e t rabromodi- 
phenylamine (HI) and 5-ethyl-2,8-dibro1no-10,10- 
dipheiiyl-5, I O-dihydropheiiax:isiline (11) were iio- 
lated. There was also obtained R large amoimt of a 
colorless viscous oil which could not be charac- 
terized. The infrared spertriun coiitained large 

(1) A. Ladenhrrg, Ber., 40, 2274 (1907). 
(2) B. 0. Pray, I,. H. Soninier, G. ?*I. Goldberg, G. T. 

Krrr, P. D. George, and F. C. Whitmorn, J .  Am.  Chem. Soc., 
70,433 (1948). 

(3) A. Y. Yakrihovich and G. V. Motsnrev, Zhur. Obshchei 
Khim., 23, 412 (1953). [Chern. Ahstr., 48,3286 (1954)l. 

(4) H. Gilman and E. A. Zuech, Chem. ck I d . ,  1227 
(1958) ; J .  Am. Chem. Soc., 82, 2522 (1960). 

(5) H. Gilman and E. A. Zuech, J .  Org. Chem., in press. 
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absorption hands indicative of silanols and disil- 
osanes. 

reactioii with excebs bromine in refluxing glacial 
acetic acid gave only silicon-free cleavage products, 
S-ethyl-2,2’,4,4’-tetabromodiphenylamine (111) 
(22%) arid 2,‘2‘,4,4’-tetrabromodiphenylamine 

Since acids, such as hydrobromic acid, are known 
to  cffect the cleavage of silicon-aryl bonds,6 a 
reaction between 5-ethyl-lO,lO-diphenyl4,10-di- 
hydrophenaxasiline (I) and bromine in glacial ace- 
tic acid was conducted in the presence of sodium 
acetate, in a eflort to neutralize the hydrogen bro- 
mide as i t  n’as ioinied. Work-up gave a 10% yield 
of the tetrabronio compound 111, a 4% yield of the 
2,8-dibromo conipouiid IT, and a 33yG yield of the 
silnnol IT-. It should be noted that a 21% recovery 
of starting phenasasilane compound I was also 
effected. Nolie of this material had been recovered 
in the previously described reactions in glacial 
acetic acid. Thus, i t  appear.; that the hydrogen 
bromide is responsible, in part, for the cleavage of 
the silicon heterocycle. 

The structure of .V-ethyl-2,2‘,4,4’-tetrabromodi- 
phenylamine (111) was verified by independent 
synthesis from 2,2’.4,4’-tetrabromodiphenylamine 

(6) C. Eaborn, J .  Chem. SOC., 4850 (1956); F. B. Deans 
and C. Eaborn, J .  Chenz. SOC., 2299 (1959). 

( 3  1%) . 
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using the N-alkylation procedure utilized on 2,2’- 
dibromodiphenylamiiie.4 The teii tative structure 
assigned to the cleavage product, 2-(N-ethyl-2,4- 
dibromoanilino) - 5 - bromophenyldiphenylsilanol 
(IV), was based on analytical data, on infrared 
spectra, and on the fact that treatment with bro- 
mine afforded a good yield of N-ethyl-2,2’,4,4’- 
tetrabromodiphenylamine (111). 

In  a previous communication,’ the preparation 
of 2,2’-dibromodi-p-tolylamine (V) by the direct 
bromination of di-p-tolylamine was reported. 
This dibromo amine derivative and 5-ethyl-2,8- 
dibromo - 10,lO - diphenyl - 5,lO - dihydrophen- 
azasiline (11) were found to be interrelatable by a 
series of reactions, thus serving to  substantiate the 
structures for the various compounds. 

Treatment of di-p-tolylamine in glacial acetic 
acid with two molar equivalents of bromine gave a 
64% yield of 2,2’-dibromodi-p-tolylamine (V). 
Compound V was then converted to the AT-lithio 
intermediate upon interaction with methyllithium, 
and this vias subsequently treated with a refluxing 
tetrahydrofuran solution of diethyl sulfate to give 
a 79% yield of N-ethyl-2,2’-dibromodi-p-tolylamine 
(VI) ’ 
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The N-ethyl compound VI was transformed into 
the dilithium derivative by halogen-metal inter- 
conversion with n-butyllithium and then treated 
with dichlorodiphenylsilane to give a good yield 
of 5-ethyl-2,8-dimethyl-lO,lO-diphenyl-5,lO-dihy- 
drophenaaasiline (VII) , The phenazasiline com- 
pound VI1 mas also obtained from the 2,s-dibromo 
compound I1 by treatment first with n-butyllithium 
and then with dimethyl sulfate. 

(7) H. Gilman and E. A. Zuech, J. Org. Chem., 24, 1394 
(1959). 

 EXPERIMENTAL^ 

Bromination of 6-ethyl-l0,1O-diphenyl-6,10-dzhydrophen- 
azasiline. ( A )  In  carbon dzsulfde at -20’. A solution of 11.3 
g. (0.03 mole) of 5-ethyl-lO,lO-diphenyl-b, 10-dihydro- 
phenazasiline in 50 ml. of carbon disulfide, cooled to -20 
i 2”, was treated with 9.6 g. (0.06 mole) of bromine by drop- 
wise addition over a period of 10 min. Stirring was continued 
for 20 min. a t  -20’, and then the reaction mixture was 
poured upon a cold solution of sodium bisulfite. Ether was 
added and the organic layer separated. After drying and e v a p  
orating the organic layer, the residue was chromatographed 
over alumina. Elution with petroleum ether (b.p. 60-70”) 
gave a small amount of solid, which was recrystallized three 
times from petroleum ether to give 0.13 g. of colorless crys- 
tals, m.p. 136-137’, identified as A7-ethyl-2,2’,4,4’-tetra- 
bromodiphenylamine. The infrared spectrum as a carbon 
disulfide solution showed absorption bands indicative of 
aromatic and aliphatic C-H and C-N groups. A strong 
band was present a t  12.3 p, characteristic of 1,2,4-trisubsti- 
tuted benzene. 

Anal. Calcd. for ClrHIIBr4N: C, 32.78; H,  2.16. Found: C, 
32.69, 32.59; H, 2.31, 2.34. 

Further elution with petroleum ether and then with cyclo- 
hexane gave a colorless solid, m.p. 107-115’. After three 
recrystallizations from petroleum ether (b.p. 6&70’), there 
was obtained 3 03 g. (27%) of recovered 5-ethyl-10,lO-di- 
phenyl-5,1O-dihydrophenazasiline, m.p. 118-121’, which 
was identified by mixed melting point and by comparison 
of the infrared spectra. Continued elution with cyclohexane, 
followed by benzene, gave a colorless solid which was re- 
crystallized twice from cyclohexane to give 4.15 g. of color- 
less solid, m.p. 190-198°. This material was recrystallized 
twice from ethyl acetate to give 3.37 g. (2170) of colorless 
crystals, m.p. 197-200°, identified as 5-ethyl-2,&dibromo- 
10,l0-diphenyl-5,10-dihydrophenazasiline. An additional 
recrystallization from ethyl acetate raised the melting point 
to 19&200’. The infrared spectrum of the compound in 
carbon disulfide exhibited a strong absorption band a t  12.4 
p, indicative of 1,2,4-trisubstitutcd benzene. The remainder 
of the spectrum was similar to that of the other 5,lO-dihydro- 
phenazasilane derivative, except that the ortho-disubstitution 
band was absent. 

Anal. Calcd. for C26HllBr2NSi: C, 58.32; H, 3.95; N, 2.62; 
Si. 5.25. Found: C, 58.10. 68.32; H,  4.05, 3.87; N, 2.91, 2.97; . .  
Si; 5.34, 5.29. ’ 

The column was then eluted further with benzene and the 
product recrystallized twice from petroleum ether (b.p. 
60-70’) to give 0.67 g. (4%) of colorless flakes, m.p. 138- 
141’. The analytical sample melted at  138-140’. The ma- 
terial has been tentatively identified as 2-( N-ethy1-2,4- 
dibromoa~ilino)-5-bromophenyldipheny1silanol. The in- 
frared spectrum as a carbon disulfide solution had absorption 
bands a t  2.8, 3.3, 3.4, 9.0, 12.3, and 13.5 p, which are charac- 
teristic of the hydroxy, C-H aliphatic, C-H aromatic, 
silicon-phenyl, 1,2,4-trisubstituted benzene, and monosub- 
stituted phenyl groups, respectively. 

Anal. Calcd. for C2GH22Br3KOSi: C, 49.38; H, 3.51; N, 
2.22; Si, 4.44. Found: C, 49.74, 49.90; H, 3.42, 3.37; N, 2.67, 
2.49; Si, 4.54, 4.45. 

Elution with other solvents gave small amounts of vis- 
cous oils which could not be further purified or identified. 

Another run employing identical reaction conditions and 
work-up afforded 5-ethyl-2,8-dibromo-lO,l0-diphenyl-5,10- 
dihydrophenazasiline in a 21% yield. There was also ob- 
tained a 2Tc yield of 2-(N-ethyl-2,4-dibromoanilino)-5- 
bromophenyldiphenylsilanol, in addition to a 42% recovery 
of 5-ethyl-10,10-diphenyl-5,10-dihydrophenazasiline. 

A slightly improved yield (25%) of the dibromo compound 
was obtained in a third run. The bromine addition was car- 

(8)  All reactions involving organometallic compounds 
were carried out in an atmosphere of dry, oxygen-free 
nitrogen, and all melting points are uncorrected. 
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ried out as in the previous runs, but instead of stirring a t  
-20' the reaction mixture was allowed to warm to room 
temperature, which required 20 min., before effecting hy- 
drolysis. However, only 11 % of the 5-ethyl-l0,lO-diphenyl- 
5,lO-dihydrophenazasiline was recovered from this run. 

( B )  Zn glacial acetic acid. A suspension of 11.3 g. (0.03 mole) 
of 5-ethy1-10,10-dipheny1-5,10-dihydrophenazasiline in 100 
ml. of glacial acetic acid, cooled in an ice bath, was treated 
with 10 5 g. (0.065 mole) of bromine by dropwise addition 
over a period of 15 min. The ice-bath was removed and the 
reaction mixture stirred for 45 min. The orange mixture was 
then hydrolyzed with a dilute solution of sodium bisulfite. 
The aqueous solution was filtered and the yellow sticky 
material was taken up in ether. The ethereal solution was 
then worked up in the usual manner and the reaction prod- 
ucts chromatographed as described in the previous runs. This 
gave 0.72 g. (5%) of N-ethyl-2,2',4,4'-tetrabromodiphenyl- 
amine, m.p. 135-137', which was identified by mixed melt- 
ing point and by comparison of the infrared spectra; and 
0.83 g. (5%) of 5-ethy1-2,8-dibromo-10,10-dipheny1-5,10- 
dihydrophenazasiline. There was also obtained a large 
amount of a colorless viscous oil which could not be charac- 
terized. The infrared spectrum contained large absorption 
bands indicative of silanols and disiloxanes. 

(C)  In refluxing glacial acetic acid. A solution of 7.54 
g. (0.02 mole) of 5-ethyl-10,10-diphenyl-5,lO-dihydro- 
phenazasiline in 100 ml. of glacial acetic acid, cooled in an 
ice-bath, was treated with 14.4 g. (0.09 mole) of bromine. 
After warming to room temperature, the reaction mixture 
was heated at  reflux for 1 hr. and then hydrolyzed with a 
dilute solution of sodium bisulfite. The resulting solid ma- 
terial was filtered] air-dried, and chromatographed. Elution 
with petroleum ether (b.p. 60-70') and three subsequent re- 
crystallizations from the same solvent afforded 2 27 g. 
(22 70) of N-ethyl-Z,2',4,4'-tetrabromodiphenylamine, m.p. 
134-137", which was identified by mixed melting point and 
by comparison of the infrared spectra. Using cyclohexane as 
the eluant, there was obtained a colorless solid, m.p. 180- 
186". This material was recrystallized twice from ethyl ace- 
tate to give 3.03 g. (317,) of colorless needles, m.p. 185- 
186.5", which was identified as 2,2',4,4'-tetrabromodi- 
phenylamine by mixed melting point with an authentic 
  ample.^ 

( D )  I n  glacial acetic acid in the presence of sodium acetate. 
A mixture of 11.3 g. (0.03 mole) of 5-ethyl-10,lO-diphenyl- 
5,lO-dihydrophenazasiline, 6 g. (0.073 mole) of sodium ace- 
tate, and 100 ml. of glacial acetic acid was cooled in an ice 
bath and treated with 10 5 g. (0.065 mole) of bromine. 
The ice bath was removed and the reaction mixtiire stirred 
for 45 min. After hydrolysis and the usual work-up, the 
reaction products were chromatographed. Elution with the 
various solvents in the customary manner gave 1.63 g. 
(10%) of iV-ethyl-2,2',4,4'-tetrabromodiphenylamine, m.p. 
135-137'; 2.42 g. (21 70) of recovered 5-ethyl-10,lO-diphenyl- 
5,lO-dihydrophenazasiline; and 0.67 g. (47,) of 5-ethyl-2,& 
dibromo-l0,10-diphenyl-5,10-dihydrophenazasiline, m.p. 
198-200". Elution of the column with ethyl acetate gave 
7.28 g. of colorless solid, m.p. 136-1 40". Recrystallization 
of this material from a 5: 1 mixture of petroleum ether (hp .  
60-70') and benzene gave a crystalline solid, m.p. 156- 
160". An additional recrystallization from the same solvent 
mixture raised the melting point to 158-160'. This ma- 
terial was found to be identical with 2-(N-ethyl-2,Pdibromo- 
anilino)-5-bromophenyldiphenylsilanol, which has been pre- 
viously described as colorless flakes, m.p. 138-140'. When 
the lower melting material was taken up in petroleum ether 
and seeded with some of the higher melting material, the 
higher melting crystalline solid was obtained. However, at- 
tempts to obtain the lower melting solid by a similar process 
were unsuccessful affording only a recovery of the higher 
melting material. The infrared spectra of the two solids as 

(9) L. A. Elson. C. S. Gibson, and J. D. A. Johnson, J .  
Chem. Soc., 1080 (1029). 

carbon disulfide solutions are identical] but have small ab- 
sorption differences as potassium bromide pellets.la A total 
of 6.32 g. (33%) of the material was isolated. 
N-Ethyl-2,8',4,4'-tetrabromodiphenylrlri~ine. A suspension 

of 8.9 g. (0.0183 mole) of 2,2',4,4'-tetrabr~modiphenylamine~ 
in 200 ml. of ether, cooled in an ice bath, was treated with 
0.027 mole of methyllithium. After stirring for 30 min., a 
solution of 4.2 g. (0.028 mole) of diethyl sulfate in 200 ml 
of tetrahydrofuran was added. The ether was removed by 
distillation and the reaction mixture heated a t  reflux for 18 
hr. After hydrolysis, ether was added and the organic layer 
separated. The ethereal solution was dried with sodium sul- 
fate and evaporated, and the reaction products chromato- 
graphed. Elution with pptroleum ether (b.p. 60-70') and 
two subsequent recrystallizations from the same solvent 
gave 5.56 g. (50%) of colorless crystals, m.p. 133-136'. 
Another recrystallization raised the melting point to 135- 
137'. This material was identified as N-ethyl-2,2',4,4tetra- 
bromodiphenylamine by mixed melting point and by com- 
parison of the infrared spectra. 

Bromination of 2-(N-ethyl-2,4-dibromoanilino)-6-bromo- 
phenyldiphenylsilanol. Bromine (1.8 g., 0.011 mole) was 
added to  4.65 g. (0.0074 mole) of 2-(N-ethyl-2,4-dibromoani- 
lino)-5-broniophenyldiphenylsilanol in 100 ml. of glacial 
acetic acid, and the reaction mixture stirred at room tem- 
perature for 1 hr. After hydrolj-sis with a dilute solution of 
sodium bisulfite, the aqueous solution was filtered. The re- 
sulting material was air-dried and chromatographed over 
alumina. Using petroleum ether (b.p. GO-70') as the eluant 
there \vas obtained a colorless solid, which was recrystallized 
three times from petroleum ether to give 2.69 g. (71%) of 
colorless crystals, m.p. 133-137". An additional recrystalliza- 
tion from the same solvent raised the melting point to 
135-137'. The material was identified as N-ethyl-2,2',4,4'- 
tetrabromodiphenylamine by mixed melting point. 

Brominatzon, of di-p-tolylamine. Bromine (16 g., 0.1 mole) 
was added dropmise over a period of 10 min. to a solution of 
10 g. (0.051 mole) of di-p-tolylamine in 100 ml. of glacial 
acetic acid, while cooling in an ice bath. The reaction mix- 
ture was allowed to warm to room temperature, stirred for 
1 hr., and then hydrolyzed with 200 ml. of a dilute solution 
of sodium bisulfite. The aqueous solution was cooled in an 
ice bath and the resulting material was filtered yielding 
16.9 g. of pale blue-green solid, m.p. 40-53". After two re- 
crystallizations from absolute ethanol, there was obtained 
11.3 g. (64%) of 2,2'-dibromodi-p-tolylamine, m.p. 57- 
59'. .4n additional recrystallization of a portion gave color- 
less needles, m.p. 57.5-59". The infrared spectrum of the 
material in carbon disulfide exhibited a strong absorption 
band a t  12.4 p, indicative of 1,2,4-trisubstituted benzene. 

Anal. Calcd. for CI4H13Br2N: Br, 45.01; N, 3.95. Found: 
Br, 44.64, 44.59; N, 3.92, 3.76. 

A repeat reaction employing 20 g. (0.102 mole) of di-p- 
tolylnmine and 32 g. (0.2 mole) of bromine gave a 60% yield 
of the dibromo compound. 

N-Ethyl-l,l'-dibron~odi-p-tolllla?rLine. An ethereal solution 
containing 0.031 mole of methyllithium was added to 11 g. 
(0.031 mole) of 2,2'-dibromodi-p-tolylamine in 100 ml. of 
ether, while cooling in an ice bath. After stirring for 45 
min., this solution wya9 treated with 6.16 g. (0.04 mole) 
of diethyl sulfate in 100 ml. of tetrahydrofuran. The ether 
was removed by distillation and the resulting tetrahydro- 
furan solution heated at reflux for 16 hr. After the usual 
work-up, the reaction products were subsequently taken up 
in absolute ethanol to give 10.73 g. of pale yellow needles, 
m.p. 104-11lo. This material was recrystallized three times 
from absolute ethanol to give 9.33 g. (79%) of colorless 
needles, m.p. 109-111'. 

Anal. Calcd. for ClsHlrBr2N: C, 50.15; HI  4.47. Found: 
C, 50.21, 50.09; H, 4.79, 4.61. 

(10) F. A. Miller, in Organic Chemistry, H. Gilman, ed. 
Vol. 111, John Wiley and Sons, Inc., New York, 1953, p. 130 
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5-Eth yl-2,8-dimeth yl-I 0, IO-diphen y l d ,  10-dihydroph enaza- 
siline. ( A  From N-ethyl-2,2'-dibromodi-p-tolylamine. A solu- 
tion of 5.75 g. (0.015 mole) of N-ethyl-2,2'-dibromodi-p- 
tolylamine in 50 ml. of ether, cooled in an ice bath, was 
treated with 0.03 mole of n-butyllithium. -4fter &ring for 
30 min., a solution of 3.80 g. (0.015 mole) of dichlorodi- 
phenylsilane in 50 ml. of ether TTas added and the reaction 
mixture heated at  reflux for 17 hr. Subsequently, 30 ml. of 
toluene was added and the ether dist,illed. After refluxing the 
resulting solution for 2 hr., Color Test 1" was negative. 
The reaction mixture was hydrolyzed with 50 ml. of water 
and worked up in the usual manner. The reaction products 
were taken up in petroleum ether (b.p. 60-70') to give 3.76 
g. of yellow solid, n1.p. 147-188". This material was taken up 
again in petroleum ether, treated with charcoal, and concen- 
trated to give 3.27 g. (547,) of colorless crystals, m.p. 159- 
162'. The analytical sample melted at  160.5-162'. 

Anal. Calcd. for C2sHdVSi: C, 82.91; H, 6.71; Si, 6.93. 
Found: C, 83.23, 83.00; H, 6.89, 6.86; Si, 7.15, 7.01. 

( B )  From 5-ethyl-d,8-dibroino-/ 3,l 0-diphenyl-5,IO-dihydro- 
phenazasiline. An ebhereal solution of 0.023 mole of n-butyl- 
lithium was added to 4.0 g. (0.0075 mole) of 5-ethyl-2,S-di- 

(11) H. Gilman and F. Schulze, J. Am. Chem. Soc., 47, 
2002 (1925). 

bromo-lO,lO-diphenyl-5, IO-dihydrophenazasiline in 100 ml. 
of ether, while cooling in an ice bath. The reaction mixture 
was allowed to warm to room temperature and stirred for 45 
min. A solution of 3.15 g. (0.025 mole) of freshly distilled 
dimethyl sulfate in 25 nd. of ether was added, and after re- 
fluxing for 2 hr. Color Test 1" was negative. Subsequently, 
the usual work-up and crystallization from petroleum ether 
(b.p. 60-70') gave 2.54 g. of colorless solid, m.p. 150-160". 
This material was recrystallized twice from petroleum ether 
to give 1.89 g. (62%) of colorless crystals, m.p. 158-160". 
An additional recrystallization raised the melting point to 
159-161'. The material was identified as 5-ethyl- 
2,8-dimethyl-lO,l0-diphenyl-5,l0-dihydrophenazasiline by 
mixed melting point and by comparison of the infrared 
spectra. 
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Methyl mannoside and methyl arabinoside formations by the Fischer method, using a strongly acidic ion-exchaiige resin 
as catalyst, were followed by chromatographing aliqnots on a st:trch column with butanol-pyridine-water (IO:  3 : 3 by vol- 
ume). D-Mannose disappeared at  a first ordrr rate to yield. initially at first order rates, the CY-  and @-methyl mannofurano- 
sides and mannopyranosides and to reach a final equilibrium containing all four methyl mannosides after seventy-two hours. 
Arabinose behaved similarly to reach a final equilibrium mixture after tffenty-four hours. The same final equilibrium mix- 
tures could he formed from any of the mcsthyl glyvosides by similar t>reatmeiit. 

Although the Fischer method of glycoside for- 
mation has been known for a long time and a 
modification of this method using an ion-exchange 
resin as the acid catalyst for a shorter time,' 
only one quantitative study of the distribution of 
all four existing isomers during the course of the 
reaction has been attempted. This was done in 
paper I11 of this series2 in which the isomer distri- 
bution during methyl galactoside formation was 
investigated using a Florex XXX sdqorption col- 
umn for the separations. Unfortunately only two 
fractions were obtained and the percent ages of the 
four methyl galactosides had to be calculated from 
the optical rotations of these fractions. Since publi- 
cation of this paper there has been considerable 
activity in the field of chromatographic and elcctro- 
phoretic separations of methyl glycoside mix- 
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tures?" Most of these methods use cellulose par- 
tition columns with varied solvent combinations. 
The separation of the four methyl mannosideslo 
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