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Abstract: Quaternary ammonium salts were found inactive as phase transfer catalysts in the
Reimer-Tiemann reaction. Tertiary amines, on the other hand, proved to have significant effect
on the process.

The generation of dichlorocarbene by action of bases on chloroform in a two-phase system
is greatly enhanced in the presence of quaternary ammonium salts. This phenomenon, originally
reported by Makosza,(l) is of significant synthetic importance in various reactions of dichloro-
carbene intermediates namely: addition to C=C bonds @,3) , insertion to C-H bonds(4) and conver-
sion of amides, primary amines and secondary amines to nitriles( )1socyan1des(6)and formamides
M respectively.

A well-known dichlorocarbene reaction is the Reimer-Tiemann (R-T) process (eq. 1) (8)

(1) ONa NaCH

Sxtdofo

The reaction is carried out in a two-phase system. The reported yields are 20-35% of
salicylaldehyde and 8-10% of 4-hydroxybenzaldehyde. The R-T reaction is apparently an inter-
facial process which takes place at the water-chloroform interphase. (In a series of experi-
ments we have found that the yield of the reaction linearly depends on the mixing rate of the
system) .

Similarly to other dichlorocarbene reactions we have attempted to improve the efficiency
of the process by addition of various ammonium salts to the reaction mixtures. We have expected
to extract the hydroxide and the phenoxide ions (eqs 2,3) into the organic phase and thus obtain
both the dichlorocarbene generation and the electrophilic attack of the carbene on the phenolate
ion in this phase.

+- + -

() RyNX + NaOPh == R,NOPh + NaX

+-

(3) RyNK + NaOH &= RNOH + NaX
4 4

Several experiments in which quaternary ammonium salts were added to the reaction mixture
have shown practically no change in the conversions and the yields. Typical phase transfer
agents we have tried were tetrabutylammonium bromide, tetrabutylammonium hydrogen sulfate and
benzyltriethyl ammonium chloride. Minor increase in the conversion (5%) was observed, however,
when the added ammonium salt was a surface active agent, e.g., hexadecyltrimethylammonium bro-
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mide.

The lack of activity is attributed to the large difference between the equilibrium con-
stants of reactions 2 and 3. In separate experiments we have found that it is practically im-
possible to extract hydroxide ion as tetralkyl ammonium hydroxide to an organic phase in the
presence of phenoxide ion. The catalysts in the above experiments are thus completely converted
to phenoxide salts and no hydroxide is transferred to the chloroform phase. The phenoxide ion
is too weak a base for generation of dichlorocarbene and thus no catalytic effect is observed.
Even addition of stoichiometric quantities of triethylbenzylammonium chloride did not improve
the yields.

It is interesting to note that when we have used preprepared tetrabutylammonium hydroxide,
in a mixture of sodium phenolate and chloroform at 50° for 1 hour,we obtained 24.3% 4-hydroxy-
benzaldehyde and only 10.5% of salicyaldehyde(g). When the same treatment was applied on tet-
rabutylammonium phenoxide and tetrabutylammonium hydroxide in chloroform, an umexpected product,

d(lo). It is therefore obvious that

namely butylphenyl ether was isolated in quantitative yiel
even if both the hydroxide and the phenoxide were extracted into the organic phase the result
could not be normal R-T reaction.

Since it is known that simple tertiary amines can also catalyze dichlorocarbene reac-

12,13) we have added various aliphatic tertiary amines to R-T reaction mixtures. The re-

tions
sults are given in the table. The yield of salicylaldehyde has increased significantly in the
presence of the tertiary amines. The effect on the yield of 4-hydroxybenzaldehyde was smaller.
We suggest that while quaternary ammonium salts can extract and activate only one sub-

strate the tertiary amines can simultaneously activate both the phenoxide ion and the dichloro-
carbene. The following sequence of steps is probably involved in the mechanism of the cataly-
tic reaction:

a) Generation of dichlorocarbene in the water chloroform interphase (4)

(4) CHCl, Gy ccc1, + HO + C1

b) Reaction of dichlorocarbene with the tertiary amine followed by attack of another chloro-

(13)(5).

form molecule and generation of additional dichlorocarbene

- + - + - + -
CHC1 .
(5 CCl2 + R3N —_—> RSN CCl2 —3 [R3N CHClZ] CC13-——9[R3N CHClZ] 1 + :CC1,

c¢) Anion exchange of the quaternary chloride salt with phenoxide (6):
N ~ oph N N
6) [R3N CHClz] Cl —=> [R3N CHClz] OPh

d) Intramolecular rearrangement of the phenoxide salt to yield mainly ortho alkylated phenol
and the original tertiary amine (7). This proposed step is similar in nature to the well-

known Sommelet rearrangement (14).

+ ol OH
(7)  [R;N CHCL,) GHCL,  + RN
—_—
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The dichloro product is eventually hydrolyzed to yield salicyaldehyde.

TABLE

The effect of tertiary amines on the yield of R - T reaction(a)

Exp. Catalyst Salicylaldehyde (%) (b) 4-hydroxybenzaldehyde (%) (b)
1 none 26.0 4.1
2 (n-C4Hg) sN 64.5 5.8
3 (n-C6H13) N 53.4 5.2
4 (n-CgH, ;)N 49.0 3.9

(a) Reaction conditions: 0.05 mole phenol. 0.3 mole chloroform, 10-3 mole catalyst, 50 ml.
benzene, 0.3 mole sodium hydroxide 50% solution in water. Magnetic
stirring at 60° for 25 min. Hydrolysis with 50 ml. 10% hydrochloric
acid.

(b) GLC analysis using 6 ft. 10% carbowax 20M on chromosorb W column.

Additional support for the existence of the intermediate formed in eq. [6] can be found
in the fact that when 4-tertbutylphenol was formylated under the above conditions additional
products were isolated from the mixture. When the formylation was carried out in the presence
of tributylamine those side products were n-butyl-4-tertbutylphenyl ether and N,N-di-n-butylfor
mamide which are formed according to the following:

oo OBu
+ CHCl; + BugN 755:—» [:::::] +  Bu,NCHO

We observed that this route can be the major reaction when the amine is present in

(8) oH

stoichiometric quantities. The course of the reaction is also strongly dependent on the sol-
vent, temperature, mixing rate, concentration and structure of the reactants(lo).

The ether and the aldehyde are apparently formed from the same specie obtained in eq. [6]
which decompose in two competing routes both via intramolecular nucleophilic attack of the

phenoxide group, eq. [8].
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OR

(8) . RNGHC1, +
[R,N CHC1,] “OPh — @

\ OH
RN+ ®CHC12

Detailed studies of the system are now in progress.
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