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which after recrystallization from benzene-hexane gave adduct 7 
as white prisms: mp 217-218" (0.18 g, 7%); nmr (CDC13) T 2.4-2.9 
(16 H, m), 5.5 and 5.7 (2  H, AB, J N 7 Hz); mass spectrum m/e 
(re1 intensity) 350 (34, P), 317 (20), 239, (27), 198 (13), 152 (loo), 
and 78 (55). Anal. Calcd for C ~ ~ H ~ S S :  C, 85.74; H, 5.15. Found: 
C, 85.56; H, 5.31. 
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Standard procedures for esterification are usually not 
adequate for the  synthesis of esters of tertiary alcohols.2 
Although several methods have been developed, they ei- 
ther suffer from lack of generality or present new disad- 
v a n t a g e ~ . ~  FOR example, procedures utilizing such interme- 
diates as acid chlorides* or trialkyloxonium salts5 require 
additional synthetic and purification steps, with conse- 
quent decreases in yield. 

The  finding tha t  phenyl benzoate readily reacts with 
potassium 2-propoxide in liquid ammonia to  give 2-propyl 
benzoate in high yielde prompted us to  investigate the 
generality of the  reaction. It offered promise as a method 
for the preparation of benzoate esters of tertiary alcohols. 
Accordingly we did a few experiments, now reported, 
which demonstrate the practicability of the method. 

Operationally, the method involves two steps. First, 
phenol is converted to  the desired benzoic ester through 
reaction with a n  appropiate benzoic acid in toluene, cata- 
lyzed by boric-sulfuric acid7 (eq 1). This reaction gives 
good yields with all the  acids so far studied (70-90%). 

ArC0,H + PhOH -- ArC0,Ph + H,O (1) 
Second, the phenyl benzoate so obtained reacts with the  

potassium salt of the  desired tertiary alcohol in liquid am- 

Table I 
Transesterification of Phenyl Benzoates by 

Alkoxide Ions in Liquid Ammonia 
ArCOzR 

---ArCO~Ph------ --RO -K +---- yield, 
Ar Mmol R Mmol % 

tert-Butyl 
Isopropyl 
tert-Am yl 
tert-Amyl 
Isobutyl 

tert-But yl 
tert- Am y 1 
tert-But yl 
tert-But yl 

n-Butylb 

42 
39 
88 
26 
90 

9 
10 
30 
13 
25 

91Q 
920 
62a 
86" 
89" 
9oc 
76c 
83 
0" 

8OC 

a Determined by glpc. b Potassium tert-butoxide (9 
mmol) also was present. No tert-butyl benzoate was found. 
c Isolated and weighed. 

monia, giving an alkyl benzoate and potassium phenoxide 

ArCOIPh + RO- - ArC0,R + PhO- (2 )  

Potassium alkoxides are readily formed in situ by the 
iron-catalyzed reaction of potassium metal with tertiary 
alcohols in liquid ammonia.8 

The  second step is quite fast, and the conversion is 
complete in about 45 min. As expected, with primary al- 
cohols the transesterificatiori is even faster, as was dem- 
onstrated by a n  experiment in  which equal amounts of 
primary and tertiary alkoxides were allowed to compete 
with phenyl benzoate. No tertiary ester was found, but ca. 
90% of the  primary ester was formed. In the cases we have 
examined the yields of the second step are 80-90%. Re- 
sults obtained are summarized in  Table I. 

In the second step, two main factors cause the reaction 
to  proceed in the desired direction. First, the phenoxide 
anion is a better leaving group (lower pK,) t h a t  any ali- 
phatic alkoxide. Second, potassium phenoxide appears to 
be less soluble in the reaction medium; we observed t h a t  
at the end of the reaction a white precipitate is present, 
presumably potassium phenoxide. 

Among others, this method has  the advantage that  the 
two operational steps are easy to perform, quickly, and 
since the solvent is ammonia the  product is easily isolated 
from the  reaction mixture. Small-scale preparations are 
feasible with this method because the reaction is very 
clean and the corresponding benzamide (2-10%) is the 
only contaminating product. This  impurity is very easy to 
remove (see Experimental Section). 

Substituents such as alkoxy and halogen in the aromat- 
ic moiety survive, as probably would also alkyl, aryl, and 
aryloxy groups. Also, alcohols sensitive to heat or acids 
would survive under our reaction conditions. 

When a n  at tempt  was made to  utilize phenyl 3,S-dini- 
trobenzoate in this synthesis, a deep red color was formed 
immediately after mixing the reagents, probably due to  
a-complex formation,g and no transesterification product 
was found. 

Experimental Section 
Phenyl benzoates were prepared by the method of L a ~ r e n c e . ~  

The structures of the esters were established by melting point, 
nmr, ir, and agreement of physical constants with published 
data. Benzoic acids were all commercially available materials. 
Boiling and melting points are uncorrected. Infrared spectra were 
recorded on a Beckman IR-8 spectrophotometer. Nuclear magnet- 
ic resonance spectra were recorded on a Varian T-60 spectrome- 
ter, using carbon tetrachloride as solvent and TMS as internal 
standard. Gas chromatographic analyses were performed on an F 

(eq 2). 
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& M Biomedical Gas Chromatograph Model 400, and yields were 
obtained using hiphenyl as internal standard with appropiate 
corrections being made for relative response factors. A 4 ft x 3hS 

in. column packed with 4% silicon rubber SE-30 on 60/80 Chro- 
mosdrb P was used. 

Transesterification of Phenyl Benzoates with AIkoxides. A 
procedure for transesterification of phenyl benzoate with potassi- 
um tert-butoxide is representative. Dried liquid ammonia from a 
commercial cylinder was condensed in a three-necked, round-bot- 
tomed flask (1 1.) fitted with a cold-finger condenser containing 
solid COa in methyl alcohol and a magnetic stirrer and was con- 
stantly swept by a slow stream of dry N2. Potassium metal (0.042 
mol) was added, and the tert-butyl alcohol (0.042 mol) was added 
dropwise followed by the addition of a small amount (2-5 mg) of 
solid ferric chloride to catalyze the formation of potassium tert- 
butoxide. (Caution: very little catalyst should be used because 
the reaction can become vio!ent.) Without ferric chloride the for- 
mation of potassium tert-butoxide is remarkably slow; 2-3 hr are 
necessary for completion. Solid phenyl benzoate (0.041 mol) was 
then added at  once with stirring, and after 50 min the reaction 
soiutioii was quenched by the addition of ammonium chloride. 
The ammonia was then allowed to evaporate. Water and ether 
were added and the two lhyers were separated. The aqueous 
phase was extracted with ether and the combined ether extracts 
were washed with 10% sodium hydroxide solution t o  remove phe- 
nol. This was further washed with water until neutral and dried 
over anhydrous sodium sulfate. A small portion of the ether ex- 
tract was examined by glpc, and tert-butyl benzoate (91%) to- 
gether with unreacted phenyl benzoate (3%) were identified. The 
ether was removed and the residue was distilled in uucuo, yield- 
ing 6.52 g (77%) of tert-butyl benzoate, hp 108-110" (20 mm), 97% 
pure by glpc, and the structure was con6rmed by nmr and ir. The 
residue after distillation was washed with pentane, and the re- 
maining white precipitate was identified as benzamide (3% yield) 
by its me!ting point (126-128"), nmr, and ir compared with those 
of an authentic sample. In small-scale preparations (5-8 mmol) 
the procedure was the same but the crude product was dissolved 
in pentane and the undissolved benzamide was removed before 
g!pc analysis. 

Properties of Alkyl Benzoic Esters. 2-propyl benzoate had bp 
93-96" (19 mm), nmr 6 1.28 (d, J = 6.3 Hz, 6 H), 5.12 (septet, J = 
6.3 Hz, 1 W), 7.2 (m, 3 H), and 7.9 (m., 2 tert-Butyl benzoate 
had bp l.08-110° (20 mm), nmr 6 1.56 (s, 9 HI, 7.4 (m, 3 H),  and 8.0 

(m, 2 H) .  tert-Amyl benzoate had bp 120-122" (20 mm), nmr 6 
0.97 (t ,  J = 7 Hz, 3 H), 1.53 (s, 6 H), 1.91 (q, J = 7 Hz, 2 H),  7.4 
(m, 3 H), and 8.0 (m, 2 H) .  Isobutyl benzoate had bp 114-117" 
(20 mm), nmr 6 0.97 (d, J = 6.7 Hz, 6 H), 2.02 (m, 1 H),  4.10 (d,  
J = 6.7 Hq .2  H) ,  7.4 (m, 3 H) ,  8.0 (m, 2 H). n-Butyl benzoate 
had nmr 6 0.93 (m, 3 H), 1.2-1.8 (m, 4 H), 4.24 ("t", 2 H), 7.4 (m, 
3 H) ,  and 8.0 (m, 2 H). tert-Butyl2-methoxybenzoate had nmr S 
1.90 (s, 9 H),  3.72 (s, 3 H) ,  6.8-7.8 (m, 4 H).  tert-Amyl 2-methox- 
ybenzoate had nmr 0.97 (t,  J = 7 Hz, 3 H), 1.52 (s, 6 H), 1.89 (4, 
J = 7 Hz, 2 H), 3.74 (s, 3 H), 6.8-7.8 (m, 4 H) .  tert-Butyl n-chlo- 
robenzoate had bp 123-125" (18 mm), nmr d 1.58 (s, 9 H), 7.2-8.0 
(m, 4 H ) .  
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