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The Mannich reaction has been utilized for the addition of amino groups, such as -CH2NR2, to the nucleus of various types 
Usually two Mannich groups were introduced in posi- of phenolic compounds, of which 4,4’-bi-o-cresol is representative. 

tions ortho to each of the OH groups. 

The Mannich reaction has been used to prepare a 
number of amino derivatives of phenolic compounds 
whose physiological properties are being investi- 
gated. For this study certain mono- and dihy- 
droxy compounds with two benzene rings, whether 
adjacent as in biphenyl or separated by some group 
X in the type formulas below, were selected as in- 
termediates. 

I 
H O ~ - X ~ H  

I1 

For instance, X in (11) above was represented by 
such groups as 43-, 4 0 2 - ,  -0-, -NH- and 
-NCOCH3-. In order to simplify the products, 
intermediate phenols were selected which would fa- 
vor the entrance of not more than two Mannich 
groups. Structure I above would permit the for- 
mation of a tetra-Mannich derivative, whereas a 
phenol such as 4,4’-bi-o-cresol (111)) produced a 
crystalline di-hlannich derivative IV in 85-90% 
yield melting a t  144”. 
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Using methods similar to those of Burckhalter 
and co -~orke r s ,~  the Mannich reaction was carried 
out usually in alcohol with a mixture of the appro- 
priate phenol, formaldehyde and a secondary amine 
such as dimethylamine, diethylamine, pyrrolidine, 
piperidine and morpholine. The phenols selected 
included the following: 4,4’-bi-o-cresol, 4,4’-thio- 
bis- (2,5-dimethylphenol) , 4,4’-thio-bis- (2-isopro- 
pyl-5-methylphenol) , 2,2’-thio-bis- (4,Bdimethyl- 
phenol) , 2,2’-thio-bis- (4-chloro-5-methylphenol), 
2,2’-thio-bis-(4-chloro-3-methylphenol), 2,2‘-thio- 
bis-(4-chloro-3,5-dimethylphenol), 4,4‘-oxy-bis- 

(1) (a) Presented before the Division of Organic Chemistry, 124th 
Meeting of the American Chemical Society, Chicago, Ill., September 
6-11, 1953. (b) Supported in part by a research grant from the 
Geschickter Fund for Medical Research, Inc. Acknowledgment is 
made for permission on the part of the Geschickter Fund to publish 
these results. 

(2) Advisor to the Geschickter Fund for Medical Research. 
(3) J. M. Burckhalter, F.  H. Tendick, E. M. Jones, W. F. Holcomb 

and A. L. Rawlings, THIS JOURNAL, 68, 1894 (1946); 70, 1363 (1948). 

(2-chlorophenol), 4,4’-sulfonyl-bis-(2-acetamido- 
phenol), p-anilinophenol and N-acetyl-p-anilino- 
phenol. 

It was necessary to synthesize many of the above 
thiobiphenols by using a modification of the 
method reported by Dunning, Dunning and Drake.* 
Those biphenols not previously described are listed 
in Table I. Two substances were recovered from 
the reaction products of 4-chloro-3-methylphenol 
with sulfur dichloride, and are presumed to be 
isomeric phenols. 

The major reaction product of 3,4-dimethyl- 
phenol and sulfur dichloride was a substance, C16- 
H&02, obtained in 36% yield, m.p. 163’) to which 
the structure 2,2‘-thio-bis-(4,5-dimethylphenol) is 
assigned. The only other product isolated ap- 
peared to be a disulfide. 

Experimental 
All melting points were taken with a Fisher-Johns ap- 

paratus, and are uncorrected. The analytical results were 
furnished by the Schwarzkopf Microanalytical Laboratory, 
Woodside, N. Y. 

4,4’-Thio-bis-( 2,s-dimethylphenol) was synthesized by a 
method similar to that of Dunning and co-workers.‘ The 
procedure was also used in the preparation of the other 
thiobiphenols mentioned in Tables I and 11. Sixty-one 
grams (0.5 mole) of 2,5-dimethylphenol was dissolved in a 
mixture of 500 ml. of carbon tetrachloride and 75 ml. of 
carbon disulfide and cooled to about -15’. Sulfur di- 
chloride, 0.25 mole (prepared by the slow addition of 8.9 g. 
of chlorine to 16.9 g. of sulfur monochloride in 80 ml. of car- 
bon disulfide containing a pinch of powdered charcoal) was 
added slowly with constant stirring over a period of 1.5 
hours, the temperature being maintained at  -15”. Much 
hydrogen chloride was evolved through the condenser. A 
white powdery solid soon formed and remained suspended 
in the solution. Stirring was continued for an additional 
hour during which the temperature was allowed to rise to 
that of the room. A product weighing39 g., m.p. 180-184”, 
was collected and recrystallized from benzene to give 34 g., 
45-50%, of slightly yellow crystals, m.p. 187.5-189.0”. 
Analytical data are given in Table I. 

With this and other similar preparations with sulfur 
dichloride, a large amount of an indefinite mixture of 
by-products was formed. On evaporating the solvent under 
diminished pressure, there remained 29.5 g. of a yellow oil 
from which it was very difficult to extract or separate any 
additional pure substances. 

Disulfide Formation.-In the preparation of 2,2’-thio- 
bis-(4,5-dimethylphenol) from 3,4-dimethylphenol and sul- 
fur dichloride (Table I, No. 2), a small amount of a yellow 
crystalline substance, m.p. 138-140”, was recovered as a 
by-product in less than 4% yield from the benzene mother 
liquors. Analysis indicated the approximate composition 
of a disulfide, ClaH&02: Calcd.: C, 62.80; 13, 5.93; S, 
20.96. Found: C, 63.62; H, 6.27; S, 19.72. 

Preparation of Mannich Compounds.-A typical ex- 
ample is the preparation of the di-Mannich derivative of 
4,4’-thio-bis-(2-isopropyl-5-methylphenol) (Table 11, 5) 
from formaldehyde and dimethylamine: 33 g. (0.1 mole) 

(4) F. Dunning, B. Dunning and W. E. Drake, {bid., 63, 3466 
(1931). 
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TABLE I 
SYMMETRICAL THIO-BIPHENOLS 

5I.p. Yield, Carbon, % Hydrogen, Yo Sulfur, % 
Same of Compound oc. % Formula Calcd. Found Calcd. Found Calcd. Found 

phenol)" 18gb 50 Ci6H&02 70.06 70.27 6.61 6.85 11.67 11.51 

phenol)" 163' 36 C1SHlgS02 70.06 70.26 6.61 6.62 11.67 11.52 

4,4'-Thio-bis-(2,5-dimethyl- 

2,2 '-Thio-bis-( 4,5-dimethyl- 

2,2'-Thio-bis-(4-chloro-3,5- 

High melting point thiophenole from 

Low melting point thiophenol' 

dimethylphenol)d 218b 38 C16HidSC1202 20.66 (Cl) 20.45 (Cl) 9.33 9.02 

4-chloro-3-methylphenol 178b 27 Cj,aH1?SC1202 22.50 (Cl) 22.24 (Cl) 10.17 10.07 

from 4-chloro-3-methylphenol 157' 10 C14H12SC1?02 22.50 (Cl) 22.37 (Cl) 10.17 10.41 
a From 2,5-dimethylphenol. * From benzene solvent. From 3,4-dimethylphenol. From 4-chlor0-3,5-dimethyl- 

Recovered from phenol. 
benzene mother liquor and recrystallized from n-heptane. 

Apparently isomeric thiobiphenols from 4-chloro-3-methylphenol and sulfur dichloride. 

TABLE I1 
DI-MANNICH DERIVATIVES OF SOME SYMMETRICAL THIO-BIPHENOLS' 

Substituents on each o-cresol ring 

3,6-Dimethyl-a-dimethylaminob 
3,6-Dimethyl-~~diethylamino (HCl) 
3,6-Dimethyl-a-l-piperidyl (HCl) 
8,6-Dirnethyl-a-4-morpholinyl 
6-Isopropyl-3-methyl-a-dimethylaminog 
6-Isopropyl-3-methyl-a-diethylamino 
6-Isopropyl-3-methyl-a-1-pyrrolidyl 
6-Isopropyl-3-methyl-a-1-piperidyl 
6-Isopropyl-8-meth~l-a-4-rnorpholinyl 

3,4-Dimethyl-a-dimethylamino' 
3,4-Dimethyl-a-l -pyrrolidyl 
3,4-Dimethyl-a- I -piperidyl 
3,4-Dimethyl-a-4-morpholinyl 
-l-Chloro-S(or Fi)-methyl-a-dimethyI- 

4-Chloro-5(or :3)-methyl-a-ditnethyl- 

4-Chloro-3-methyl-a-diethylamino' 
4-Chloro-3 methyl-a- 1 -pyrrolidyl 
4-Cliloro-3~metliyl-a-l-piperidyl~ 
4-Chloro-3-methyl-au-4-morpholinyl 
4-Chloro-3,5-dimethyl-a-dirnethyl- 

4-Chloro-3,5-dimethyl-a-diethylaminoz 
i-Chloro-3,5-dimethyl-a-4-morpholinyl 

amino' 

aminok 

amino" 

M.P., Carbon, % c. Formula Calcd. Found 

From 4.4'-thio-bi-o-cresols 
129" C22HaSP1-202 68.10 68,23 
250d dec. C ~ ~ H ~ O S S ~ O ? C  60.38 60.53 
255d dec. C2eHpoSN2028 62.10 62.06 
17gf C2aH36SX-204 66.16 66.40 
131' C2aH1oSN202 70.23 70.27 
11 1 . 5c CqoH48SNg01 72.06 72,20 
128, 5h C&IH,4SN2Oz 72.54 72.61 
156, 5h C32H48Sr\'202 73.34 73.58 
16'ih CmHi11SN?04 68.24 68.44 

From 6,6'-thio-bi-o-cresoIs 
148.5" C22H&N20? 68.10 68 14 
129" C?e,H&1U~02 70.87 70.78 
1 74h Cg8H4oSN202 71.85 71.97 
191h C&&S?04 66 16 66.17 

1 73h C2OH26SC12h-202 55.93 56.15 

154h C?oH&ClsX202 55.93 55.98 
153" C19H23SC12X02' 57.05 56.94 
164,5" Cz4H&Cl?h'?O? 59.85 60,17 
205"- e26H&Cl?r\;201 61.28. 61,63 
193h C14H&Cl?S20a 56.12 56.18 

226" dec. C22H3OSC12K202 57.75 57.89 
1 4 2  C21H~~SCI~SO?'  58.92 59.12 
191h C26H&ClpX204 57.67 57.97 

Hydrogen, % Nitrogen % 
Calcd. Found Calcd. Found  

8 .31  8.39 7.22 7.21 
8.19 8.48 5.41 5.08 
7.82 7.96 5.17 .? . I t?  
7.69 7.82 5.94 5.79 
9.07 8.89 6.30 6 .13  
9.68 9.70 5.60 5.93 
8.93 8 . 9 9  5 6 4  5 .41  
9.23 9.43 5.34 ,5.31 
8 .40  8.22 5 .31  5.51 

8 31 8 16 7.22 7.46 
8 24 8 55 6 36 6 06 
8 62 8 74 5 99 5 85 
7 69 7 66 5 94 6 16 

6.11 6.38 6 52 6.46 

6 11 6 34 6 52 6 51 
5 80 5 82 3 52 3 72 
6 28 6 47 5 82 5 69 
6 73 6 94 5 50 5 a9 
5 89 6 19 5 45 5 31 

6 .61  6.89 6.12 5.97 
6.36  6.52 3 2'7 3 .41  
6.33 6.58 5 I7 4 90 

a All compounds except second and third obtained as free Mannich bases in crystalline form. Intermediate phenol 
synthesized from 2,5-dimethylphenol (see Experimental part). Rx as crystalline dihydrochlorides 
from alcohol-ether. e Contains also 2HCt. f From acetone-petroleum ether first; followed by ethanol. (1 Intermediate 
phenol synthesized from thymol, m.p. 154 ; melting point reported by Tassinari,& 152-153'; and by Dunning and associ- 
ates,4 152.5-153.5'. h From ethanol. Intermediate phenol prepared from 3,4-dimethylphenol. i From higher melting 
intermediate phenol from 4-chloro-3-methylphenol. From lower melting intermediate phenol; from 4-chloro-3-methyl- 
phenol. Obtained as the mono-Mannich derivative. From benzene-methanol. Intermediate phenol from 4-chloro- 
8,5-dimethylphenol. 

of the phenol was dissolved in 100 ml. of ethanol, cooled, pressure, and the oily residue was then dissolved in a mini- 
and 99 g. (0.55 mole) of a 25% solution of dimethylamine mum amount of fresh warm methanol. The alcoholic solu- 
added slowly. To the cold mixture (0 to 5') 30 g. (0.37 tion was chilled and the mass of fineSrystals formed was 
mole) of aqueous formaldehyde (37%) was gradually added collected, 39 g., 87%, m.p. 125-128 . Recrystallization 
over a 30-minute period with intermittent shaking. The from methanol usually produced a white crystalline product, 
temperature of the mixture was kept low during addition m.p. 130-131" (see Table I1 for analyses). 
of formaldehyde. After standing 30 minutes to 1 hour at N-Acetyl Derivative of p-Anilhopheno1.-Equimolar 
room temperature, the flask was placed on a water-bath portions Of p-anilinophenol, m.p. 67-68', and acetic anhy- 
and the solution refluxed gently for about 4 hours, The dride (0.06 mole) were refluxed in 24 ml. of glacial acetic 
excess solvent was removed by distillation under reduced acid for about three hours, cooled and an equal volume of 
_ _ _ ~ .  water added. The lavender colored crystals which were 

( 5 )  G. Tassinari, Chem. Centr.. 20, 1354 (1888); J .  Chem. Soc., 56, deposited on standing in an ice-bath were collected and 
245 (1889). dried, 8 g. (70%). Two recrystallizations from aqueous 

e From methanol. 
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TABLE I11 
MISCELLANEOUS MANNICH DERIVATIVES O F  SYMMETRICAL BIPHENOLS' 

Substituents on each o-cresol ring "C.  Formula Calcd. Found Calcd. Found Calcd. Found 
3X.p.. Carbon, % Hydrogen, % Nitrogen, % 

From 4,4'-bi-o-cresol 
6-Methyl-a-dimethylamino* 144" C20H28N202 73.23 73.40 8.60 8.86 8.54 8.65 
6-Methyl-a-diethylaminod 75" C24H36T\rT202 75.06 75.02 9.45 9.60 7.29 7.47 
6-Methyl-a-1-pyrrolidyl 135' C24H~zNzOz 75.75 75.73 8 .48  8.78 7.36 7.35 
6-Methyl-a-1-piperidyl 181' CzeHaeNzOz 76.53 76.66 8.89 8 .92  6.86 6.98 
6-Methyl-a-4-morpholinyl 203" C24H3zNz04 69.96 70.09 7.83 7.89 6.80 6.99 

From 4,4'-oxy-bis-(2-chlorophenol) 
B-Chloro-~~-dimethylamino' 132" C18H2zC12Nz03 56.11 56.35 5.76 5.87 7.27 6.99 
6-Chloro-a-pyrrolidyl 159.5& Cz2HzeClzX20a 60.46 60.47 6.00 6 .15  6.41 6 .55  
6-Chloro-a-piperidyl 166.5' C24H3oCLN203 61.99 62.08 6.50 6.65 6.02 6.16 
6-Chloro-a-4-morpholinyl 161.5' Cz2H2BC12Ki20r, 56.34 56.52 5.59 5.83 5 ,95  5.66 

From 4,4'-sulfonyl-bis-(2-acetamidophenol) 
6-Acetamido-a-diethylaminoP 178h dec. C26H38SX406 58.40 58.58 7.16 7.25 10.48 10.36 

0 All derivatives obtained as free bases. Full name of compound: 6,6'-dimethyl-bis-( a,a'-dimethylamino)-4,4'-bi-o- 
cresol, c From ethanol. The dihydrochloride of this compound was reported by Burckhalter and co-workers,3 m.p. 
215". From methanol. f Complete name: 4,4'-oxy-bis-(6-chloro-ol-dimethylamino-o-cresol). Full name: 4,4'- 
sulfonyl-bis-(6-acetamido-~-diethylamino-o-cresol). Yellow crystals from isopropyl alcohol-ether. 

TABLE IV 
DIMETHYLAMINOMETHYL DERIVATIVES OF fi-ANILINOPHENOL~ 

M.P., Carbon, % Hydrogen, % Nitrogen, % 
Name of compound O C .  Formula Calcd. Found Calcd. Found Calcd. Found 

4-Anilino-2-dimethylamino- 

4-Anilino-2,6-bis-( dimethyl- 

4-( N-Acetyl-anilino)-2,6-bis-( dimethyl- 

a Intermediate phenol was obtained from B. F. Goodrich Chemical Co. 

Flesh colored crystals from benzene-petroleum ether. 

methylphenol 98.5* CisHiaNzO 74.35 74.48 7.49 7.28 11.56 11.31 

aminomethy1)-phenol 117" CieHzsN30 72.29 72.19 8 .43  8.72 14.03 13.71 

aminomethyl)-phenold 113* CzoHz~N302 70.43 70.35 7.97 7.98 12.32 12.60 
* From methanol. From benzene-petroleum 

p-Anilinophenol was acetylated with AczO before introduction of two Mannich ether first, then two recryst. from benzene. 
groups. 

methanol produced a pink or flesh-colored product, m.p. 

5.76; N,6.17. Found: C,73.93; H,5.63; N,6.25. 
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Acetoxymethylation of Aromatic Compounds1 
BY LAWRENCE SUMMERS 
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Methoxymethyl acetate in acetic acid reacted with mesitylene, isodurene, pentamethylbenzene, nz-xylene, anisole or di- 
With mesitylene, the products were 2,4,6-trimethylbenzyl acetate 

Lower 
Higher temperatures led-to polymer 

Compared to chloromethylation, this acetoxymethylation reaction differs chiefly in the 
This limits the utility of acetoxymethylation as a preparative method for the 

Isodurene gave IS%, and pentamethylbenzene 20%, of 
The other aromatic compounds mentioned gave largely polymer, as did mesitylene with methylene 

phenyl ether, in the presence of a trace of strong acid. 
(up to 37%), bis-(2,4,6-trimethylphenyl)-methane (up to  15%), polymer (up to 72%) and recovered mesitylene. 
temperatures or shorter reaction times led to optimum yields of the monomeric ester. 
as the almost exclusive product. 
greater tendency toward polymer formation. 
monomeric esters. The polymer is readily obtained in good yield. 
the monomeric esters. 
diacetate or with paraformaldehyde in acetic acid. 

Solutions of chloromethyl methyl ether in acetic tionse2 Also, the preparation of a-butoxyethyl 
acetate in 85% yield by heating a-chloroethyl butyl 
ether with acetic acid has been de~cribed.~ Acetic 

acid conceivably contain methoxymethyl acetate. 
The latter compound has been isolated after at- 
tempts to chloromethylate terpenes with such 

(2) J, Allard, Bull, sot, chim,,  731 (19477). 
(1) Presented at the 124th Meeting of the American Chemical So- (3) M. F .  Shostakovskii and A. V. Bogdanova, Z h u r .  Obshchct 

ciety, Chicago, 1953; see Abstracts of Papers, p. 71-0. Khim., 17, 565 (1947). 


