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A Reexamination of Phthalide Precursors' 
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In  the course of a study of the comparative ease 
of lactonization of various phthalide precursors, it 
was desired to contrast the chemical properties of 
o-hydroxymethylbenzoic acid (I) and o-methoxy- 
methylbenzoic acid (TI). While I has long been 
known , 2  there has been considerable confusion over 
the physical properties of the ethereal acid 11. 
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Both McGeoch and Stevensa and von Braun, 
Anton, and Weiszbach4 have reported the prepara- 
tion of I1 by treatment of phthalide with alkaline 
dimethyl sulfate. The recorded melting points of 
the products, however, were 116-11S0 and 93-94O, 
respectively. A melting point of 92-93' was re- 
ported by Clemo and Swan5 for the acid 11, which 
they prepared by an independent route from ethyl 
o-toluate. In another instance6 a product from 
metalation and subsequent carbonation of benzyl 
methyl ether was assigned the structure of o- 
methoxymethylbenzoic acid on the basis of its 
melting point, 94-95O. 

Since the only evidence offered by McGeoch and 
Stevens for structure I1 was a neutralization equiva- 
lent, i t  seemed necessary to  repeat their work and 
reexamine the acid product. From combustion 
analysis, mixture melting point, and a comparison 
of infrared spectra, it was shown to be o-hydroxy- 
methylbenzoic acid (I), which is also formed easily 
from DhthaIide by saponification. o-Methoxy- 
methylbenzoic acid (111, m.p. 95-96', prepared for 
comparison by the method of Clerno and Swan, 
exhibik a distinctly different infrared spectrum. 

The most likely spectral band associated with 
alcohol or ether C-0 stretching is a t  1032 cm.-l for 
I and a t  1114 cm.-' for 11. While the value for I is 
considerably higher than that for benzyl alcohol,? 
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it is consistent with a similar band at 1032-1033 
cm. in both o-mesitoyl- and o-duroylbenzyl 
alcohol8; thus it appears that the bathochromic 
shift, ordinarily observed as a result of conjugation,' 
is partially counterbalanced by an acyl or carboxy 
group in the ortho position. Analogies for the cor- 
responding assignment in I1 are to  be found in the 
spectra of ethyl o-methoxymethyIbenzoate( 11 15 
cm.-l) and o-duroylbenzyl methyl ether (1110 
cm.-1).8 

Chemical evidence for the structure of McGeoch 
and Stevens' product is the fact that I has been 
found to be stable under their conditions of alkyla- 
tion. While it is unusual that dimethyl sulfate is 
sometimes ineffective as a,n alkylating agent, it is 
now clear that their acid should be reassigned struc- 
ture I. 

EXPERIMENTAL' 

o-Hydroxymethylbenzoic acid (I). Phthalide (IO g.) was 
heated with 19 g. of sodium hydroxide and 200 ml. of water 
a t  60° for 90 min. After acidification a t  5" with dilute hydro- 
chloric acid, the white solid (22 g.) was collected and dried. 
It was recrystallized from chloroform: ethanol (20: 1) in the 
form of fine needles; m.p. 111-112O. 

The infrared spectrum (Nujol mull) contains bands at- 
tributable to a primary alcohol (3200 cm.-1 broad, 1032 
cm.-'), to  a carboxylic acid group (1670 cm.-1 broad), and 
to  ortho-disubstituted benzene (740 crn.-'). 

Attempted methylation of o-hydroxymethylbenzoic acid with 
dimethyl sulfate. A mixture of 20 g. of the above acid (un- 
recrystallized), 15 g. of sodium hydroxide, 200 ml. of water, 
and 25 g. of dimethyl sulfate was heated, with stirring, a t  
50" for 2 hr. and then stirred an additional 2 hr. By acidi- 
fication and recrystallization as described above, there was 
obtained 6 g. (59% based on phthalide) of colorless needles, 
m.p. 111-112". A mixture melting point with I showed no 
depression; and the infrared spectra (Nujol mulls) of the 
two samples are superimposable. 

Attempted direct preparation of o-methoxymethylbenzoic acid 
(11) from phthalide. The procedure, similar to that previously 
described,* was carried out with 10 g. of phthalide, 100 ml. 
of water, 57 g. of dimethyl sulfate, and 360 ml. of 10% sodium 
hydroxide. After being washed with ether, the mixture was 
acidified and the product extracted once with ether and 
twice with ethyl acetate. By removal of the solvent there 
was obtained 5.5 g. (48%) of a white solid, m.p. 107-109". 
After three recrystallizations from chloroform: ethanol 
(20 : 1) the melting point of the o-hydroxymethylbenzoic 
acid ( I )  was 111.5-112.5". 

Anal. Calcd. for C8H80a: C, 63.15; H, 5.30. Found: C, 
63.17; H, 5.49. 

From the filtrate there was recovered 2.2 g. (22%) of 
phthalide. 

o-Methozymethylbenzoic wid (11). The acid was prepared 
essentiallv bv the method nreviouslv described5 from 33 E. of 
ethyl o-t&te in an oveLall yie1d"of 21%. Intermediates 
were ethyl o-bromomethylbenzoate (not purified) and ethyl 
o-methoxymethylbenzoate (b.p. 246-248"/740 mm. ; infra- 
red bands (smear) a t  1725,1267,1140,1114, and 742 cm.-I). 
The major modification was the use of N-bromosuccinimide 
in carbon tetrachloride rather than molecular bromine for 
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bromination of the side chain. The acid, after two recrys- 
tallizations from benzene, was in the form of white prisms, 
m.p. 95.0-96.0'. 

Anal. CaIcd. for CoHloOa: C, 65.05; H, 6.07. Found: C, 
65.33; H, 6.27. 

The infrared spectrum (10% chloroform) of o-methoxy- 
methylbenzoic acid contains the typical, broad bands at- 
tributable to  a carboxylic acid function (3525, 1693 cm. -I), 
as well as a strong band a t  1114 cm.-1 
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N-Phenethylnormorphine (Ia) has been pre- 
pared2 by direct phenylethylation of normorphine 
and exhibits six to  ten times the analgesic potency8 
of morphine. We have had occasion to  prepare this 
compound for addiction studies and wish to  report 
an improved method of synthesis. 

In  this method normorphine was converted to  the 
N-phenylacetyl derivative which, without purifica- 
tion, was reduced to  the tertiary amine (Ia) with 
ethereal lithium aluminum h ~ d r i d e . ~  The isolation 
of Ia  from the reduction mixture (in 90% yield 
based on normorphine) was rendered simple by 
reason of the low water solubility of its hydro- 
bromide salt.6 By a similar sequence, norcodeine 
and dihydrodesoxynorcodeine-D (the latter pre- 
pared by cyanogen bromide N-demethylation of 
dihydrodesoxycodeineD) were transformed into 
the corresponding N-phenethyl derivatives Ib  and 
IIb. There was no complication in isolation of the 
bases from the reduction mixture since the phenolic 
hydroxyl is protected in these instances. Hydro- 
bromic acid demethylation of N-phenethyldihy- 
drodesoxyriorcodeine-D (IIb) gave the phenolic 
congener (IIa). 

The analgesic potency of I Ia  is five times that of 
dihydrodesoxymorphine-D (desomorphine), while 
the effectiveness of Ib  and N-phenethylnorhetero- 
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codeine is twice that of the parent compounds. 
The duration of action of Ia  and the corresponding 
heterocodiene derivative is about the same as seen 
in the parent compounds, while Ib  and IIb are 
analgesic twice as long as the N-methyl counter- 
parts. In  all cases testing was done in mice. 

EXPERIMENTAL 

Microanalyses and most of the rotations were performed 
by the Institutes service analytical laboratory, Dr. William 
C. Alford, director. 

N-Phenethylnomorphine (Ia). Normorphine hydrochlo- 
ride (5 8 g. of KZCO3, 30 ml. of water, and 80 ml. of 
methanol were treated (stirring) with 6 ml. (2.8 molar 
equivalents) of phenylacetyl chloride during 0.4 hr. After 
stirring for an additional 3 hr., the mixture was diluted with 
water and extracted three times with ethyl acetate. The 
combined extracts were washed with a little dilute HC1, 
dried and evaporated t o  thorough dryness in vacuo. The 
residue and 50 ml. of dry ether were treated (stirring) with 
100 ml. of 1.5M ethereal LiAlH4 a t  such a rate as to cause 
gentle refluxing (10-15 min.). The mixture was refluxed for 
15 hr. and treated gradually (vigorous stirring) with 75 ml. 
of 48% HBr in 130 ml. of water. All inorganic material 
gradually dissolved leaving a viscous, ball-like mass which, 
on cooling, crystallized and was easily pulverized. Filtration 
gave the gummy hydrobromide which, in warm methanol, 
was converted to  the base (Ia) by addition of dilute ",OH; 
yield 5.5 g. (go%), m.p. 250-253' (dec.); thin prisms from 
absolute ethanol, IO(]? - 117' (c 0.84 in 2: 1 CHClrMeOH). 

Anal. Calcd. for C24H26N03: C, 76.76; H, 6.71. Found: 
C, 76.95; H, 6.54. 

The tartrate,' prepared from the base in refluxing 95% 
ethanol, melted a t  144-147' (froth) alone or in mixture with 
authentic material' and had [ala. -68.9' (c 0.99 in 50% 
by vol. ethanol); reported1 [a]? -67' (solvent not speci- 
fied). 

N-Phenethylnorcodeine hydrobromide (Ib). The reaction of 
phenylacetyl chloride (1.2 9.) with norcodeine hydrochloride 
(2 9.) was carried out as described for normorphine above. 
Reduction of the resultant amide (1.8 g.) with 20 ml. of 1.5M 
ethereal LiAlH4 gave, after addition of 5-10 ml. of water and 
drying the ethereal filtrate, 1.5 g. of Ib. Acidification of an 
ether solution of this base with 33% HBr-AcOH yielded an 
amorphous hydrobromide which crystallized from acetone 
in prisms; yield 1.5 g., m.p. 273-275'. It was further purified 
by dissolving i t  in 225 ml. of boiling %yo ethanol, concen- 
trating the solution to 50-75 ml. and cooling to  0'; m.p. 
290-293' (dec.), [a]: -97.0' (c 0.58 in MeOH-H20, 3:2). 

Anal. Calcd. for C26HzsBrN03: C, 63.83; H, 6.00. Found: 
C, 63.52,63.46; H, 5.81,5.95. 

N-Phenethykiihydrodesoxymrcodeine-D hydrobromide (IIb). 
To  2.0 g. of cyanogen bromide (Eastman) in 13 ml. of dry 
chloroform was added (stirring) during 1 hr. 5.0 g. of dihydro- 
desoxycodeine-D8 in 20 ml. of chloroform. The solution was 
refluxed for 3 hr. and evaporated to  dryness in vacuo. The 
residue and 100 ml. of 6% HC1 were refluxed overnight. 
Cooling and basification gave 4.5 g. of crude secondary base 
which was phenylacetylated as described for normorphine 
except that 2 molar equivalents of chloride was used. The 
amidein 50 ml. of dry ether was treated with 50 ml. of 
1.5M ethereal LiAIHI during 10-15 min. and the mixture was 
refluxed overnight. After addition of 20 ml. of water (stirring) 
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