
greatly reduced this negativc polarity or actually 
changed it  to  positil-e. 
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Since the original synthesis' of Baeyer, numerous 
papers on phenolaldehyde condensations have ap- 
peared in the literature.? More recently, an in- 
creasing interest has been shown by various inves- 
tigators of this type compound as intermediates for 
phenolic resins, as antioxidants for waxI4 as rubber 
cheniicals," as bacteriocides,fi and as fungicides.' 

The present work was directed toward the p r e p -  
r'ition of bis-phenols of  the general forniulas 
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in which K = alkyl, aryl or chlorine and K' = alkyl 
or aryl, for use as rubber antioxidants and bacterio- 
static agents. X search of the literature revealed 
a surprisingly small number of bis-phenols other 
than derivatives of phenol and the cresols with 
formaldehyde3 and chloral.6 

This paper describes the preparation of 33 poly- 

dcnsation products not reported previously. They 
are white crystalline compounds in all cases except 
-&,A'- (p-hydroxybenzy1idene)-bis - (6- t - butyl - wt - cre- 
sol), #9, which is lemon yellow. 

The wide applicability and versatility of the de- 
scribed procedures can readily be seen from the 
following tables. The reaction time, as given, was 
the point a t  which resin formation was observed 
m d  the batch quenched with the designated precipi- 
tant. The reaction times are, therefore, not true 
measures of the reaction rates but  they do definitely 
indicate the wide variations observed by changing 
the structure of the phenols and aldehydes. Since 
the formation of bis-phenol and resin is a cornpeti- 
tive reaction, the low yields can be attributed to 
either insufficient reaction time for bis-phenol 
formation or, conversely, not quenching quickly 
enough to prevent the bis-phenols formed froni con- 
tlcnsing further to resinous products. 'The re- 
ported yields have no quantitative significance, 
since in most cases the figures given are the results 
of a single run. 

The compounds described in Table I are 4,4'-al- 
kplidene or arylidene bis-phenols since they do not 
form nitroso derivatives as does the unreacted 6-t- 
butyl-nz-cresol. The specific preference for 4,4'- 
linkage in ortho-para competition is probably a re- 
sult of partial steric hindrance, * although condensa- 
tion in the ortho position does occur, if the para po- 
sition is occupied. Examples are given in coin- 
pounds 20, 28 and 84 in which 4,Ci-di-t-butyl-m- 
cresol is condensed in the one available ortho posi- 
tion with three different aldehydes. 

TABLE 1 
BIS-PHESOLS FROM fj-t-BuruL-111-CREsoL" 

Kecrys- Analyses, % Pre- 
cipi- Time, Yield, tallizing Empirical Carbon Hydrogen Chlorine 

Aldehyde tantb hr .  A I . p . ,  "C. '; wlvent  formula Calcd. Found Calcd. Found Calcd. Found 
Pormaldehydc 1 2 178.7-179.2 39.0 Heptane C ? r H ~ z o ?  SI I:! 81.01 9 . 4 7  9 .53  
Acetaldehyde 1 1'4 201.1-201.3 87.0 Heptane C ~ ~ H U O P  81.31  80.93 9 . 6 7  9.99 
Chloroacetaldehydc 1 ','a 228.3-229.5 4<5.<1 Heptane C?rHarClOn 74 O!) 78.93 8 . 3 3  8 . 5 8  9 . 1 2  8 .93 
Propionaldehyde I 4 190 0-.190.4 4 3 . 4  IIeptane C?sHaiO? 81 .48  81.29 9.85 9 92  
Butyraldehyde ? 8 2 1 0 . 0 - 2 1 0 7  6 2 8  Heptane C:gHasO, 81.61 81.!)1 10.01 10.23 
Isobutyraldehydc I 21 2 2 9 . 8 - - ' 2 3 0 i  3 0 8  Heptane CXHIEO? 81.64 81.17 10.01 ! I . ! ) $  
Heptaldehyde 2 I 2  I(i0 2-lfiO i 24 J Heptane C!sHnO? 81.0:? 81.83 10 .41  10.fi l  
Benzaldehyde E l 3 : i  Heptane C.!gH<pOl 84.82 83.J-1 8.71 8.,-),i 
g-Hydroxybenzaldeli?~l~ : 1 35 2 ;\c.eticaciil C?sH,$sO.i 80 53 80.33 8 
Salicylaldehyde I 2 216.7-2117 0 18 ! I  Toluene C20Had)i 80.,53 80 X i  8 .  
2.4-DichlorobenzaIdeh~~l~  1 I 209.!9-230 4 (i Kept dne C.~sH14Cl20: i I , 73  7 1 .!11 7 ,  

(,-Chlorohenzaldehy(l e .i Toluene C?oHvsClOz 7 7 . 2 2  7 7 . 2 0  7 . 8 2  7 . 7 0  7 . 8 8  8 . 0 2  
\'eratraldehyd e 231.2-2RI  !) 3 2 . 3  Heptane CiiHaoOc 7 8 . 1 2  78 17 8 . 4 6  8.60 
Pyruvic aldehyde l!lfi.2-l!V 1 3 1  8 Benzene CijHrd0, 78.50 7 8 . 3 8  8.!M 8 . 7 8  
Chloral 2 l i  218.8-219 :i 6.5.6 Toluene C?4Ha,CliOz 6 2 . ! ) 4  68.28  6 82 7.01 2 3 . 2 3  '23.03 
2-Llethyl-2-pentenal I li. ] !X I  1-190 5 18 5 IIeptane C X H ~ J ~  8 2 . 3 0  8 3 . 1 5  ! ) .87  !I 3 2  

1 :i '210 3 - 2 1 0 . f i  38 .4  Heptane CioHarO~ 8 2 . 4 6  82.40  10.10 9 .89  
I ' I  2 2 3 : 3 - 2 2 3 7  4 2 0  Heptane CiiHidOzS 7 6 . 7 5  7 6 . 6 8  8 . 1 1  8 4 1  ' 

,j-Chlorosalicylaldehyde I t i  214 2-215,!) 2 Benzene C ? ~ H I S C I O ~  74 38 71.86 7 . X  7,-1!l 7 . 3 ! )  7 . 5 8  

The conmounds in Table I were all Drcnarcd foIlo\ving I'rocctlure .4. 1. Heritane: 2, benzene: 3. elacial acetic acid; - . I  , .  , _ -  

alkvlated and chlorinated Dhenol-aldehvde con- Experimental9 

: I !  .\. Hseyer. &I,.  6, 280, 1096 (1872). 
t2) 1,. Rahl,  i b i d . ,  31, 143 (1898); A.  Lunjac, C h c v .  Ceiilr. , 75, I ,  

lIj.-)0 (1904); T. Z i n c k e ,  Aniz., 363, 2.5; (l!lO8): 31. Koel>iier, A, 
o i r g r w .  C h c w . ,  46, 231 (19331 

(81 I,. H. Baekeland and €3. I,. Bender. I n d  E i i p  C h m t . ,  17, 2 2 3  
I 1923): N. 1'. I,  Slegson a n d  ..i -4 Drummond. .I Yiir ('hriii. I i i d . .  

49, 251 (1930). 
i 1 )  H. Morawetz. I d  ICTILJ. ( ' h e i t i , ,  41, 1142 (l!4491, 

The compounds described in this paper have been prepared 
b y  two procedures-modifications of the original Baeyer 
synthesis. In both cases, the choice of precipitant was de- 
termined by spot testing during the initial reaction period. 
One mi. of the reaction mix was added to 3 ml. of each of the 
four selected precipitants and when crystal formation was 
noted, the reaction mixture was quenched with the chosen 
precipitant as it~rlicated i r i  the tables. 

~~ ~ ~ 

A. S.  Briggs and J .  H a a o r t h ,  British Patent 621,004 (194H) 
I W, C. Hardcn and E E. Reid, THIS JOCRXAI.. 64, 4323 (1932). 

( T )  1'. n. \larsh. 'if I ,  liiitier : ~ t i r l  R .  9. Clark ,  I m i .  K N X ,  Chr in . .  41, 

( 8 )  G H. Stillson, D. LV. Sawyer and  C. K. Hunt ,  THIS JOURNAL, 
67, 303 i1943!; 1. B. Niederl and \'. Kiederl, ibid., 61, 1783 (19391, 
1':. D. Hughes. @iioi,t. Revs. (Lom3oi:). 2, 107 (1948). 
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TABLE I1 
BIS-PHESOLS FROM FORMALDEHYDE 

Pro- Pre- Recrys- Analyses, % 
ced- ctpi- Time, Yield, tallizing Empirical Carbon Hydrogen Chlorine 

KO. Phenol ure tant" hr. N.p . ,  OC. % solvent formula Calcd. Found Calcd. Found Calcd. Found 
20 4,6-Di-l-butyl-irz-cresol A 3 1 1 4  215.3-216.3 0 2 . 0  Acetic acid 
21 rr~-Phenyl-2,4-xylenol A 1 1 121.5-121.9 2 2 . 0  Heptane 
22 4-Chloro-o-cresolb B 4 '/a 199.2-196.4 8 3 . 7  Benzene 
23 6-Chloro-o-cresol B 4 2 157.0-157.3 78 .7  Benzene 
24 4-l-Butyl-o-chloro- 

2 5  6-l-Butyl-4-chloro-m- 

26 4-Chloro-02-phenyl- 

phenol B 4 3 123.2-123.7 51.5 Acetic acid 

cresol A 4 18 181.6-182.5 72.2 Heptane 

isopseudocumenol B 4 1 1 4  191.7-192.1 72 . O  Heptane 

1, Heptane; 2, benzene; 3, glacial acetic acid; 4, water. Shown 

CaIHla02 82 .26  82 .38  10.69 10.65 
C2gH?80? 85.26 84.96 6.91 7.02 
CirH~C1202 60 .61  60.91 4 .75  4 .49  23.86 23 .80  
C I S H I ~ C ~ O ?  60.61 60.67 4 .75  5 . 0 2  23.86 23.86 

CiiHtaClaO? 66.12 66.17 6 .87  6 . 8 5  18.62 18.85 

C\?iH30C1202 67.47 67.54 7 . 3 9  7 . 4 5  17.32 17.25 

CaiHaoClzOo 73.64 73.57 5 , 9 8  6 .17  14 .03  13.96 

in (7) as having m.p. 188". 

TABLE 111 
BIS-PHENOLS FROM BUTYRALDEHYDE 

27 Thymol A 1 3 163.1-165.8 98 .5  Heptane CxHarOz 81.31 81 .57  9 . 6 7  9 . 7 9  
28 4,fi-Di-l-butyl-rrt-cresol A 3 14 113.5-124.1 2 6 . 0  Butanol Ca&dh 89.51 82.40  11.00 10.95 
29 4-l-Butyl-o-cresol A 3 14 180 8-131.5 89 I Aceticacid CtaH~sOz 81.64 81.69 10.01 10 .15  
30 2-l-Butyl-pxesol A 1 18 126.4-127.2 88 .5  Heptane CoaH~oOz 81.64 81.30 10.01 9 .75  
31 0-4-Phenyl-2,4-xyIenol A 1 5 108 8-109.2 7 6 . 5  Heptane Cs~HarOz 89.31 85.55 7 .61  7 . 7 5  
32 6-l-Amyl-m-cresol A 1 14 163.8-163.6 1 3 . 0  Heptane CzsHc?Or 81 .90  81 .60  10 .31  10 .35  
33 6-?$-Butyl-?n-cresoI A 1 2 121.4-122.0 5 3 . 5  Heptane C?aHasO? 81.64 81.96 10 .01  10 .08  

1, Heptane; 2, benzene; 3, glacial acetic acid; 4, water. 

TABLE IV 
MISCELLANEOUS BIS-PHENOLS 

KO. 34 35 
Phenol 4,6-Di-t-butyl-m- 2,4-Sylenol 

Aldehyde Isobutyraldehyde 2,4-Dichloro- 

Procedure A A 
Precipitant" 3 1 
Time, hours 16 1 

cresol 

benzaldehyde 

M.p., "C. 118.1-118.6 193.7-194.1 
Yield, % 22.0 52.0 
Recrystallizing solvent Butanol Heptane 
Empirical formula Ci4Hj402 CzsH&ls02b 

Carbon 
Calcd. 82.51 68.83 

titi. 66 

5 . 5 3  
Found 11.31 5.79 

Hydrogen 
Analy- I Found 82.33 

% 1 Calcd. 11.W 

1, Heptane; 2, benzene; 3 ,  glacialaceticacid; 4,  water. 

Procedure A.  4,4'-Pro'pylidenebis-( 6-t-butyl-m-cresol).- 
Approximately 4 ml. of'concentrated HC1 was added to a 
well-stirred solution of 82.1 g. of 6-t-butyl-m-cresol (0.5 
mole) and 14.5 g. of propionaldehyde (0.25 mole). The 
reaction was exothermic and the temperature rose from 30 
to 75' within 5 minutes. The reaction mixture was further 
heated and held a t  95" for 4 hours, 100 ml. of heptane was 
added and the mixture cooled and held 1 hour a t  30". The 
crystalline product was filtered, washed with two 20-ml. 
portions of cold heptane and recrystallized from the same 
solvent a t  boiling; yield 43.4% of fine white needles, m.p.  

Procedure B. 2,2'-Methylenebis-(4-chloro-o-cresol),- 
Concentrated HPSO~ was added dropwise to a well-stirred 
solution of 71.3 g. of 4-chloro-o-cresol (0.5 mole) and 7.5 g. 
of trioxymethylene (0.25 mole) in 50 ml. of glacial acetic 
acid. The temperature rose rapidly to 95" and the mixture 
solidified after 8 ml. of acid had been added. After stand- 
ing 15 minut:s, 200 ml. of wa!er was added and the mixture 
cooled to  30 The solids were filtered and washed with cold 
water until free of acidity. The crude product was taken 
up in 200 ml. of benzene and following decolorization with 
10 g. of Darco G-60 gave fine white plates; m.p.  195.2- 
196.4', yield 83.7T0. 

Chlorine, %; calcd. 17.67; found 17.65. 

190.0-1 90.4 O. 

Acknowledgment.-The authors are indebted to 
hlrs. Marcella Stubits for the analytical data. 
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Alcoholysis of Cellulose with 2-Methoxyethan01~~~ 
BY MARY GRACE BLAIR 

Methanolysis of cellulose or its derivatives has 
been used a very few times as a tool in structural 
studies of c e l l ~ l o s e . ~ ~ ~  Partial methanolysis, or 
alcoholysis with other alcohols as well, has been 
suggested to replace hydrolysis or oxidation for the 
shortening of cellulose chains without the introduc- 
tion of reducing end-groups in the production of 
industrial materials.6 Some data were given con- 
cerning the extent of reactions by the normal al- 
cohols with from one to  five carbon atoms. The 
present study is concerned with the extent of cleav- 
age which can be obtained with a new alcohol-2- 
methoxyethanol-which does not appear to have 
been used previously for the alcoholysis of any 
polysaccharide. I t s  high reactivity makes this 
alcohol worth consideration as an alcoholytic re- 
agent for polysaccharides, particularly since the use 
of an autoclave is not required in order for the opti- 
mal reaction temperature to  be reached. 

That cellulose acetate is converted by acidic 2- 
(1) One of the  laboratories of the Bureau of Agricultural and Indus- 

trial Chemistry, Agricultural Research Administration, U. S. Depart- 
ment of Agriculture, New Orleans 19, La. 

( 2 )  Known also as  ethylene glycol monomethyl ether and as Methyl 
Cellosolve. 

(3) Report of a study made under the Research and  Marketing Act 
of 1946. 

(4) J. C. Irvine and E. L. Hirst ,  J. Chcm. Soc., 141, 1585 (1922). 
123, 518 (1923); E. Heuser and S. S. Aiyar, Z. angcw. Chcm., Nr 27 
(1924). 

( 5 )  R. E. Reeves, I.. W. Mazzeno, Jr. and C. L. Hoffpauir, THIS 

(0 )  R. R. Reeves. T T .  S. Patent 2,520,983. Sept. 5 .  19;10. 
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