
ORTI-IO-SUBSTITUTED CHLOROBENZENES RELATED 
TO METAMECONINE1 

ABSTRACT 

Chlor~~iatcd derivatives of metameconine wcre formed for ihc first time. Partial demethyla- 
tion of the derivatives with sulphuric acid occi~rred in highly selective fashion a t  the 111ethoxyl 
ortho to the llalogen, without regard to the relative position of the carbonyl group which is 
Icno\vi~ to be highly directive for demethylatiolis in the absence of halogen. The phenolic 
products of the clemethylations are needed for the synthesis of sterically hindered cliphenyl 
ethers. They showed a type of intermolecular hydrogen bonding in the crystal which mas 
marlcedly subject to steric interference by thc halogen atoms. 

Our work with the cl~lorinated derivatives of metameconine (X) was first unc1c1-taken 
nlany years ago as a checlc upon the results we had obtained in the correspo~lding bromine 
series (1, 2, 3 ) ;  these results had differed sharply fro111 those reported by others (4). The 
need for a check was emphasized when our inore recent worlc (5) led to solnewhat sur- 
prising conclusio~~s as  to the direction of brornination, nitration, and selective demethyla- 
tion in the metameconi~les. This paper reports the independent characterization of the 
chlorine series of compounds, sllows that the chlorine series is an alnlost exact parallel 
to the bromine series, and therefore thoroughly verifies our previous results. 

TWO more reasons for proceeding with the chlorine series appeared later in our work. 
( a )  A subject of continuing interest to us is the study of steric hindrance in dipllenyl 
ethers (3, 6); obviously the ortho-chloro- and ortho-bro~no-phenols obtained in this work 
will alloxv the preparation of corresponding cliphenyl ethers with bloclcing groups of 
different sizes. (b) We hope to study the effect of crowding upon the quadrupole resonance 
frequency of the halogens; measurement of these frequencies is, of course, easier for 
chlorine compounds than for bromine or iodine compounds. 

The nlain novelty of the present worlc lies in the description of an interesting steric. 
hindrance of hydrogen bonding in the solid phase. 

Synthesis  a d  S t r ~ l c t ~ l r e  
The most easily available of the chlorine derivatives was 7-chloron~ctameconi~~c~ (XI I ) ,  

made from metameconine (X) by nitration, reduction to the amine (XI) (1, 2, 4), diazo- 
tization of the amine, and the Sandrneyer reaction. No doubt the structure was obvious, 
since 7-bromomcta~~~econinc (1, 2, 4) and 7-iodometameco~li~le (1, 3), formed in corre- 
sponding ways, have had their structures tl~orouglily verified. Nevertheless the present 
I\-orl; offered a quite independent proof that the new substance was indeed 7-chloro- 
rnetameconine, its indirect formation from 2-chloroveratric acicl (XIV), as show11 in the 
chart, leaving no room for doubt as to its structure. 

The iso~lleric 4-chlorometameco~~i~~e (VII) was formed by the action of for~nalclel~ydc 
ilpon 5-chloroveratric acid (VI) in acid solution. The structure of the resulting phthaliclc 

'il!lanz~script received Janzsary 12, 1961. 
Contributiolz fronz the Departnaelzt of Che~ttistry, Queen's Unzversily, K L I L ~ S ~ O I I ,  Olztario, Ca?zada. T / L ~  

nraterial i n  this paper i s  taken fro71t the Report of the C.I.L. Fellow, Part I (R. Y .M. ,  Queen's University, M a y ,  
1944) alrd from a forthco~rling thesis for the degree of Doctor of Philosoplzy at Qzreen's University, by Mrs.  
Marjorie Allen. 

ZDied April 8 ,  1960. 
3Efolder of Canadian Industries Limited Fellowship 1958-60. 
.'Holder of Canadian Industries Limited Fellowsl~ip 1942-43. 
5A dzperent nz~~nbering sche~ne was z~sed i n  some earlier papers. 
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McRAE ET AL.: ORTHO-SUBSTITUTED CI-ILOROBENZENES 997 

was not ilnn~ediately obvious, since the phthalide ring might have closed on either of 
the positions ortho to the carbonyl group in VI. That  it did actually close as shown in 
structure VII followed from the fact that the phthalide could be converted to the phthalic 
ester I X  which (as shown on the chart) could also be for~ned fro111 metameconine (X) 
or from 2-chloroveratric acid (XIV). 

Interesting phenolic compounds were obtained by selective dernethylation of the 
chlorinated metameconines with sulphuric acid. Preparative yields were obtained of 
the easily purified products, much desired for future synthetic worlc. From 4-chloro- 
metarneconine (VII) there was obtained 4-chloro-5-hydrosy-6-methoxyphthalie (111), 
and from 7-chlorometamecoi~i~~e (XII)  the isomeric 7-cl1loro-6-l~yclroxy-5-methox~- 
phthalide (XV). Just as in the bromine series, demetl~ylation of both VII and XI1  
occurred overwhelmingly a t  the methoxyl group ortho to the halogen, and without 
regard to the position of the carbonyl group, even though with veratraldehyde (7), 
veratric acid (7), and metarneconine (5), highly selective demetl~ylation occurred a t  the 
methoxyl ~ n e t a  to the carbonyl. 

'The methods used to show the structures of the phenolic compounds will be obvious 
from the transfornlations shown on the chart, the properties given in the experimental 
part, and the description of the corresponding bromine compounds (5). 

Formaldehyde and 2-chloroveratric acid in acid solution gave none of the expected 
7-chloro~netameconine (XII ) ;  instead, very small amounts of 7-chloro-6-hydroxy-5- 
methoxyphtl~alide (XV) were obtained, along with large amounts of tars; the product 
was exceedingly difficult to purify. This miserable reaction was of central importance 
in our investigation, since it formed an exact parallel with the corresponding reaction 
of formaldehyde and 2-bromoveratric acid ( I ,  6), one of the main points in which our 
previous ~vorlc disagreed with that of R3y and Robinson (4). Forn~aldehycle and 5-chloro- 
veratric acid gave a mixture of the expected 4-cl~loron~etamecol~ine (VII) and the 
partially demethylated product, 4-chloro-5-hydroxy-6-methoxypl~thalide (111). This too 
mas an exact parallel with our experience with the corresponding 5-brornoveratric acid 
(2, 5 ) .  Even the infrarecl spectra of corresponding bromine and chlorine con~pounds are 
very similar throughout the two series, a further confirmation of the work in both. In 
fact the parallelism of the series brolce down in only one respect: reductive dehalogena- 
tion, easy and convenient in the bronline series (5), in our llands failed colnpletely in 
the chlorine series. 

The correct orientation of the co~npounds of the metameconine series (1, 2, 3, 5, 6) 
has rested upon the correct orientation of the derivatives of vanillin used as  reference 
compounds. I t  seems proper to point out how heavily we have relied upon the careful 
worlc of Dr. Raiford6 and his students; of some 25 derivatives of vanillin needed in our 
structure proofs, only two (noted in the experimental part) have differed significantly 
from the descriptions given by these workers. One of the necessary intermediates, 
5-chlorovanillic acid (II) ,  has been made for the first time by Pearl's method (lo),  as 
shown in the experimental part. 

Pltysical Properties 
Jones, Angell, Ito, and Smith (12) reported that unsaturated lactones in solution 

sometimes show double pealcs in the region of the carbonyl stretching frequency, though 
the two phthalides they investigated both showed single peaks. When their paper appeared 

6We especially w i sh  to acknowledge the k indness  of Professor Raiford i n  sending z ~ s  a n  az~tkent ic  sample of 
2-chloroveratric acid nearly a year before i t s  description was  pz~blished (8) ,  at  a t ime  when our work was delayed 
by the erro?zeoz~s description of tlze acid then available (9), and not long before Professor Rai ford 's  death (11) .  
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wc had already observed, among the spectra of about 20 solid phthalides, a ~iumber oC 
double pealts as well as some exceptionally large displacements of the carbonyl stretching 
frequency. A suggestion by Dr. R. N. Jones then enabled us to gain some understanding 
of the phenomena \\re had observed. Repetition of the spectra of the phthalides, but 
using solutions in tetrahydrofuran rather than solid samples in potassium bromide, 
imnlediately eliminated both the doubling of the pealts and the large displacemcnts. Both 
factors were therefore due to inter~nolecular effects in the crystals; they were not clue to 
impurities, incorrectly determined structures, or to unusual situations ~vithin thc mole- 
cules. 

If one is interested in infrared spectra only for the determination of molecular structures, 
then the spectra of the crystals might simply be dismissed as inferior to the spectra of 
solutions. But the crystal effects are interesting in themselves, and had a special urgency 
for US, since quadrupole resonances must be observed in the solid state. We \\rere able to 
~nalte some progress in understanding the crystal effects because of the vcry largc number 
of closely related phthalides a t  our disposal. 

Spectra of Phthalides i n  Tetrahydrofi~mn 
No double pealts were observed in the carbonyl stretching region, cven in thc acctyl- 

ated derivatives (XVII Ad, XVII Cd, and XVIII  Cd) which have two different carbonyl 
groups. The peaks were all a t  positions normal for phthalidcs (13). In 'view:of the results 

X 
CI-I, 

'1 
C H B O ~  / 

co 
XVI I S V I I I  

Substituelit code 
A: X = H  a:  R = H  
B: X = C I  b:  R = Mc 
C: X = B r  c: R = E t  
D : X = I  d: R = A c  

Examples: XVII  A b  is structurc X ;  XVII  Bc is XVI. 

wit11 tllc solid pllthalides reported below, it was especially noteworthy tllat tllc pllthalidcs 
1)earing free phenolic groups had their pealts in the normal position, in agreement with 
previous nrorlr on related compounds (13, 14). Twelve halogenated phthalides (XVII 
and XVIII ,  with all possible combinations of B, C, a ,  b,  and c) had their maxima in 
the region 1769-1773 cm-I. Three unhalogenated phthalides (XVII Aa, XVII Ab, and 
XVIII An) absorbed in the region 1766-17G9 cm-I. The available acetylated phthalides 
(XVII Ad, XVII Cd, and XVIII  Cd) showed absorption a t  the noticea1,ly higher 
values of 1775-1777 cm-I. 

Spectra of Solid Phthalides  it^ Potass i~~m Bronzide 
We discuss on157 effects which are both large and reproducible, since the pcaks werc, 

of course, broader and had less sharply defined maxima than those obtained ~vi th  solutions, 
and because of the well-linown smaller spectral variations possible with this technique. 
Two remarltable phenomena were noticed. 

(a) Steric interJerence with intermolec~~lar hydrogen bonding.-The realit)- of this effect 
was evident because the effect was reproducible, extremely large, and beautifully corre- 
lated with structure. Two phthalides (XVII Aa and XVIII  Aa) (5) both sho\ved absorp- 
tion a t  thc abnormally lo~v frequency of 1715 cm-I. The clisplacement of the band was 
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ZllcR.-\IS ET AL.: ORTIIO-SIJBSTITUTISD CII1,OROBENZESIIS !I99 

due to an intermolecular effect, since it vanished in solution; eve11 phthalides having 
llydroxyl ortho to the carbonyl show but little intramolecular association (13, 14). Clearly 
too the displacement involved the I~yclroxylic hyclrogen since ~nethylation of the free 
hydroxylic group returned the maximum absorption (of solid XVII A4b) to 1735 cm-I; 

CH 2 (4) CI-I 2 

S V I I  Ha S V I I I  Ha 

ncetylatio~i ol the free ~>lienolic group brought the peak (in solid XVII Ad) to 1753 cnirl. 
130th values represent complete elimination of the effect. Direct hydrogen bonding froni 
the phenolic group to the carbonyl group of another molecule wo~~lcl in any case be sus- 
pected fro111 the great effect on the carbonyl stretching frequency, ant1 co~ifir~llation of 
this was afforded by a most interesting steric effect. Substitution of either chlorine or 
bro~nine a t  position 7 in XVII Aa also abolished the displacement effect, even though 
the hydroxyl group was still present, since solid XVII Ba absorbed a t  17GO cm-I, ancl 
solid XVII Ca a t  1768 cm-l. 111 view of our other results, by far the main effect of 
halogen a t  position 7 must have been clue to steric bloclcing of the carbonyl group. 
I-Ialogen a t  position 4 was very much less effective in interfering wit11 tlie hydrogen 
bonding, solid XVIII Ba absorbing a t  1726 cm-I, and solid XVIII Ca a t  1730 cm-I, and 
this conlparatively s~llall increase from the values for unsubstitutecl XVIII Aa may have 
been clue to a combinatio~i of effects: a partial steric interference with the phenolic 
group, a general increase in lattice clirnensions, and a small direct effect of halogen 011 

the carbonyl group (see solution values, and reference 13). We have not 17et been able 
to for111 pl~tllalides having halogen ortho to carbonyl and meta to hydroxyl, so that 
these three effects cannot yet be separated fro111 each other. Nevertheless, the displace- 
ment of the carbonyl peal; in the solid phenolic con~pounds is so clear cut that it might 
have been used in the structure proofs to fix the relative positions of halogen and carbonyl. 
Eight solid phthalides in \vI~ich intermolecular hydrogen bonding was abse~it showed a 
single pealc in the carbonyl stretching region in the range 1753-1768 cm-l. The rather 
wide range liiay be con-elated wit11 the lattice effects discussed in the next section. 

(b) Double carbo?zyl peaks with solid filzt1~alides.-Seven solid pl~thalides showed very 
distinct double carbonyl peaks; of the seven all were halogenated, none was phenolic, 
and none was acetylated. The lower pealis were all in the region 1748-1755 cnl-l, but 
the upper peaks were more variable in position. Four phthalides halogenated a t  position 
4 (SVIII  Bb, Bc, Cb, alid Cc) had the upper pealr a t  1776-1782 cm-I, ant1 three phthalides 
halogenated a t  110siti011 7 (SVII Bb, Cb, and Db) had the upper peali in the noticeably 
lower range of 17G4-1767 CIII-~. The pea1;s varied co~isidernhly i l l  relative a~nplitucles, 
without an); obvious correlatio~~ with structure. 

The double 1;enl;s were certainly due to effects ol crystal structure, since only ;L single 
peak appeared in the spectra of solutions. For a t  least one pl~tl~alicle, the double peali 
mas associated with di~norphism. Fresh preparations of XVIII Cc (5) consisted of feathery 
needles and sho~ved peaks a t  1753 ancl 1781 ~111-I. Older preparations consisted of heavy 
l ) r i ~ ~ l ~ ~  and showecl only a single peal; a t  1758 cni-I. We have been ~lnable to obtain a 
single pealr in the spectru111 of the less stable for~n. On the other hand the phthalide 
XVIII Cd (5) showed only a single pealc a t  room temperature, though it showed dimor- 
phism a t  higher temperatures, the long needles melting a t  140°, then resolidifying to 
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small p~- i sn~s  1~11ich melted again a t  165'. Although these have been our only direct 
observatiolls of dimorphism, the phenomenon cannot be ruled out as the esplanation of 
all the clouble pealts observed with our phthalides. 

Double Cnrbojzyl Peaks i l l  the Phthalic Esters 
The climethy1 estcr of 3-chloro--~-etl~ox~~-5-111et11osyp11t11alic acid shelved double pealis 

both in soli~tion (at 1730 and 1744 cm-') and in the solid state (at 1720 and 1735 cm-l); 
thc corresponding bromine con~pou~ld (5) was very similar in its spectra. The corre- 
sponding phthalic acids sho~vecl clouble pealts in the solid state, and single, very wide 
pealts in so lu t io~~.  

EXPERIMENTAL 

All idcntities claimccl in this paper were checlted by comparison of the infrared spectra. 
The spectra were obtained using potassium bromide dislts containing O.8yO by weight 
of sample, and tetrahydrofi~ran solutions containing up to 6% depending on the solubility 
of the sample. The spectrorneter (a Perkin-Elmer lModel 21, using a sodium chloride 
prism) was repeatedly calibrated by the use of the polystyrene bands a t  1802 cm-l and 
1603 cm-l. Most melting points were determined in an instrument of high precision (15) 
and the rest were performed on a Koffler Micro Hot Stage and lowered 3-5' to agree 
with precision capillary melting points within less than 1' up to 250'. 

6- Cljlorovanillic Acid (11 )  
The oxidation of 5-chlorovanillin (I)  (n1.p. 162.6-163.2') (16) was acco~nplished 

following the method described by Pearl (10) for the preparation of vanillic acicl. The 
product melted a t  252-254'. The recorded (17) melting point is 244-245". F O U I I ~ :  C, 
47.58; I-I, 3.39; C1, 17.25y0. Calc. for CsI-17C104: C, 47.42; H, 3.48; C1, 17.52y0. 

5- Chloroveratraldehyde ( V )  
The method described for veratraldehycle (18) was adapted to the nlethylation of 

3-chlorovanillin. The product melted a t  55-55.6'; the recorded (11) melting point is 
48-49'. Found: C1, 18.2y0. Calc. for CgI-IgC103: C1, 17.69y0. 

5'- Chloroveratric A cid ( V I )  
5-Chloroveratraldel~yde (17.0 g) and sodium bicarbonate (3.0 g) in water (100 ml) 

were heated to 60'. With vigorous stirring a solution, also heated to 60°, of potassiun~ 
per~nanganate (20.2 g) in water (200 1111) was slowly added over 30 ~ninutes whilst the 
temperature was maintained a t  60-80'. The reaction was allowed to proceed for another 
30 minutes, and then the reaction mixture was cooled, saturated with sulphur dioxide, 
and strongly acidified with l~ydrocl~loric acicl (20 ml, conc.). The white precipitate was 
recovered by filtration, washed with a small volume of cold water and crystallized fro111 
ethyl alcohol to yield the product (15.6 g) with a melting point of 189.0-189.6'. Two 
more crystallizations from ethyl alcohol raised the melting point to 189.8-190.4'. The 
recorded (11) melting point is 188-189". Found: C, 50.14; H, 4.00; C1, 16.38y0. Calc. 
for CgI-IgC104: C, 49.88; I-I, 4.19; C1, 16.38y0. 

2-Chloroveratric Acid ( X I  V )  
This acid was obtained from 2-chlorovanillin by methylation according to the pro- 

cedure recorded for veratraldehyde (18) followed by oxidation by the method described 
above for the isomeric 5-chloroveratric acid. The product purified by crystallization 
from aqueous ethyl alcohol hacl a melting point of 202"-203". A mixed melting point 
cletermination with an authentic sample supplied by Professor Iiaiford gave a melting 
point of 202.5-204.5". 
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McRAE BT AL.: ORTIIO-SUBSTITUTED CHLOROBENZBNISS 1001 

.~.-Chloro-6-kydrosy-G-~~zethoxyplzt1calide (111) 
(a) 5-Cliloro\~anillic acid (11) (2.0 g, 111.p. 247-249'), glacial acetic acid (SO ml), 

hydrocl~loric acicl (40 1111, conc.), and fol-maldellycle (20 ml, 36-38%) mere nlisecl and 
lieated a t  80-85' for 2 clays. T l e  coolecl reaction mixture was poured onto ice (200 g) 
ancl after 2lloui-s the resulting precipitate was recovered by filtration, washed \vith a 
little cold water, and driecl. The procluct (1.18 g) had a melting point of 204-206" ~vliich 
was raised to 236.4-237.2" by three crystallizations from ethyl alcohol. Fou~lcl: C ,  50.55, 
50.78; 1-1, 3.55, 3.46; C1, 16.21, 16.55; -0CI-13, 15.45, 15.37 and 011 the same sanlple by 
a clifferellt analyst 13.(j4%. Calc. for C9I-IiC10,: C, 50.37; I-I, 3.29; C1, 16.54; -OCH3, 
14.46%. 

(b) 5-Cl~loi-overatric acid (VI) (10 g, lll.p. 186-187'), glacial acetic acicl (40@ ml), 
hyclrocl~loric acid (200 nil, conc.), and fornlaldellyde solution (100 1111, 36-38%) were 
combined and heated a t  95-100' for 2 days. The white precipitate obtaineel after pouring 
the reaction mixture onto ice was extracted mith soclium bicarbonate solutio~l. The 
insoluble fraction yielded after one crystallization from ethyl alcol~ol 4-chlorometa- 
meconine (VII) (1.66 g) mith a melting point of 168-171". (For further details see below.) 
The sodium bicarbonate extract was acidified and the resulting precipitate recovered 
and crystallized froin ethyl alcol~ol. The product (2.77 g) had a poor melting point of 
168-220°, but a second crystallization raised the inelting point to 234-235'. A inixed 
melting point with the product from method (a) showecl no depression. 

(c) 4-Cl~lorometai1~ecoi~ii~e (VII) (0.13 g, m.p. 171.2-171.8') was heated in sulplluric 
acid ( I  ml, conc.) a t  60' for 2 days. The solution was poured onto ice and the precipitate 
recoverecl by filtration and washed with water. The product after two crystallizations 
from ethyl alcol~ol inelted a t  234-235" and gave no depression in melting point when 
mixed with the product from method (a). 

The infrared spectra of the three samples of 4-chloi-o-5-hydroxy-6-methoxyphthalicle 
produced by these methods, are identical throughout the range 4000-600 cnz-l. 

4- C11lorometanzeconine ( V I I )  
(a) This illethod of preparation is the same as  method (b) described for 4-chloro-5- 

lzydroxy-6-inetl~oxyphthalide. The product (1.66 g) was crystallized twice fro n ethyl 
alcohol to give the analytical saillple \vith a melting point of 171.2-171.8". Found: C, 
52.77, 52.71; 1-1, 4.11, 4.25; C1, 13.62, 15.65%. Calc. for C~OI-I~CIO~:  C,  52.50; I-I, 3.97; 
Cl, 15.52yG. 

(b) 4-Cl~loi-o-5-l~ydroxy-6-i~~etl~oxypl1tl~alide (111) (0.2 g, 111.p. 234-235") from method 
(a )  above was added to an ether solution of diazomethane (20 ml, 2%) and the mixture 
was left to stand overnight. The solutioll was evaporated and the easily solidifietl residue 
crystallizecl Irom ethyl alcohol to give fluffy needles (0.13 g) which inclted a t  171.2- 
171.8'. A mixed melting point with the product from (a) gave no depressio~l, and the 
infrared spectra of the two products were identical. 

Q-Chloro-6-ethosy-6-nzet1zox~~~1zthalide ( I l l )  
4-Chloro-5-hydroxy-6-inethoxyphthalide (111) (1.63 g, 1n.p. 234-1335"), fronz nlethocl 

(a) above, ethyl iodide (30 ml), anel dry acetone (75 nil) were refluxed ailcl stirred in dry 
apparatus protected from moisture by drying tubes. Drierite (1.0 g) was adcled and the 
inixture stirred for 30 minutes. Freshly prepared silver oxide (5.0 g) was added in portions 
(1.0 g) a t  intervals over 7 hours, the reaction was allowed to proceed for a further 2 
hours, and then the reaction inixture was cooled and filtered to remove the silver com- 
pounds. The filtrate was evaporated to dryness and the solid residue crystallized from 
ethyl alcohol to give white crystals (1.48 g) which meltecl a t  138-139'. Thi-ee lnore 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
 O

F 
M

A
N

C
H

E
ST

E
R

 o
n 

11
/2

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



1002 CANADIAN JOURNAL 01; CI-IEMISTlIY. VOL. 30. 1961 

crystallizations raised the melting point to 141.4-141.8'. Fou~ld :  C, 54.72, 54.67; 1-1, 
4.70, 4.45; C1, 14.30y0. Calc. for C111-111C10.1: C, 54.44; I-I, 4.57; C1, 14.G3%. 

7-Chloro?netanzecon.?:ne ( X I I )  
(a) 7-~4min~metanzecollille (XI) (2) (15 g crude) was dissolved in hydrocl~loric acitl 

(45 ml, conc.) ancl water (300 ml). The solutioll was mechanically stii-recl and coolecl in 
an ice and salt bath to - 5'. Sodiuln nitrite (7.5 g) in water (60 inl) was added from 
a clropping fullnel over 20 minutes, and then the mixture was stirred ancl coolecl for 
3.5 hours longer. The excess nitrous acid was destroyed with urea and the reaction 
misture was slowly poured, with stirring, into a well-cooled solution of cuprous chloride 
(from 19 g CuS04.5H?O) in hydrochloric acid (21 ml, conc.) and water (8 inl). When 
the frothing had subsided, the reaction mixt~ire was gently heated on a boiling-water 
bath. The precipitate which settled out of the cooled solution, was recovered by filtra- 
tion, waslietl ~vitll water, and crystallized once from dilute acetic acid (3:2) and three 
times from .)~-butanol to yield white needles (5.0 g) with a melting point of 193-193.5". 
Two Inore crystallizations of corresponding material fro111 another preparation gave the 
analytical sample with a melting point of 195.8-196.6". Found: C, 52.48, 52.32; 13, 3.97, 
3.96; C1, 15.22, 15.37%. Calc. for Clo1-I9C1O4: C, 52.50; I-I, 3.07; C1, 15.52y0. 

(b) 5-i\~Ietl~oxy-G-hydroxy-7-chlorophthalicIe (XVJ (0.5 g, m.p. 234-235') from methocl 
(a) below, xvhen methylated with diazomethane yielded white needles (0.42 g),  with a 
melting point of 194.2-195.2' after one crystallization from ethyl alcohol. The  infrared 
spectra of these two samples of 7-bromo~netamecoi~ine are identical, and a nlixed ~nelting 
showed no depression. The material nlacle by method (b) below \vas inethylated with 
methyl sulphatc and gave 7-cllloro~~~eta~neconinc proved by mixetl melting point cleter- 
mination and infrared spectra. 

5-A~etl~osy-6-l~yrlro.~^y-7-cI~lo~lzt1zalide (X 1') 
(a) 7-Cl1lorometameco11i1~e (XII)  (2.C g, 111.p. 19:3-1'34') \vns heated wit11 sulphuric 

acicl (10 ml, conc.) for 3.5 clays a t  GO0. Tlle cooled viscous solution was poured onto ice 
ancl the I-csulting precipitate recovered by filtration, washecl with water, and dried. The  
solitl (1.87 g) nras estractecl with sodium bicarbonate solution and the soluble fraction 
recovered by acidifying the estracts. This procedure yielcled a solid (1.47 g) with a melt- 
ing point of 230-231°, which was raised to 235-235.8' by three crystallizatioi~s from ethyl 
alcohol. Found: C, 50.66, 50.48; I-I, 3.42, 3.28; C1, 16.23, 16.53; -0CH3, 14.44y0. Calc. for 
C9H7C101: C, 50.37; H ,  3.29; C1, 16.54; -0CI-13, 14.46y0. A nlised melting point with 
the ison1e1- 4-chloro-5-hydroxy-G-methoxyphthalide (111) showed a large depression. 

(b) 2-Chloroveratric acid (XIV) (5.0 g), formaldehyde solutioll (0.0 1111, 36-38%), 
hydrochloric acid (31 ml, conc.), and glacial acetic acid (45 1111) were heated a t  80-90' 
for 76 ~IOLII-s and a t  100' for 7 hours longel-. The co~nbined solutions froin three similar 
experinlents were cooled and decanted from a small amount of tar, diluted with water 
(85 ml), ant1 filtered to remove more tar. A seconcl dilution with water (50 1111) precipi- 
tated unchanged 2-chloroveratric acid which after successive crystallizations froin ethyl 
alcohol, aqueous ethyl alcohol, 12-butyl alcohol, and aqueous acetic acid melted a t  200- 
201.5'. The filtrate was again d i l ~ ~ t e d  with water (500 1111) and the solution evaporated 
to less than 150 n11 under a slight vacuum, neutralized with sodium bicarbonate, made 
very slightly acid with hydrochloric acicl, and the resultiag precipitate collected after 
24 hours. The precipitate (1.95 g) was washed with hot and cold water, and crystallized 
three times from n-butailol to give a product ~vi th a melting point of 231-232.5". Found: 
C, 51.98: I-I, 3.84; C1, 16.85, 16.50y0. Calc. for C91-17C104: C, 50.37; 1-1, 3.29; Cl, 16.54y0. 
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Better material, n1.p. 234.2-234.8", was obtained by a further I-ccrystallization from 
ethyl alcohol. The infrared spectra given by these two products from nlethods (a) and 
(b) mere identical. 

~-A~ethoxy-6-e t1~oxy-~hloro~~1zt l za l ide  ( X  V I )  
5-~~Ietliosy-6-hydroxy-7-cl1loropl~tl~alide (XV) (2.0 g, m.p. 234-235") was etliylated by 

the method clescribed above for 4-cI1loro-5-l~ydrox~~-G-111ethoxyp1~t1~alide. The product 
(1.5:) g) after one crystallization from ethyl alcohol melted a t  174-175". Three more 
crystallizations raised the melting point to 177.2-177.6'. Found: C, 54.43, 54.52; H ,  
4.70, 4.56; C1, 14.63y0. Calc. for C~1HlIClO4: C, 54.44; I-I, 4.57; C1, 14.63y0. 

3- Chloro-,$-ethoxy-3-nzetho.wyphtha1ic Acid ( V I I I )  
(a) Potassiu~n permanganate (2.5 g) was aclded over a period ol 15 minutes to a well- 

stirred solution of 4-chloro-5-ethoxy-6-1net110sy~~1~tl~alide (IV) (1.0 g, 11i.p. 140.6-141.2") 
in potassium hydroxide solution (110 ml, 5y0) heated on a steam bath. The reaction 
\\.as nllo\\-etl to proceed anothcr 45 minutes, and then cooled. Sulphur dioxide was passed 
until ,I c l e x  solution was obtained. The solution was evaporatecl to half volume and 
after standing a t  room temperature, crystals wit11 a poor melting point settled out of 
the solution. The product crystallized fro111 water co~ltaining a few drops of hydro- 
chloric acid in t\vo modifications which mere separated by hand: (A) long needles (0.2 g) 
with '1 ~ n e l t i ~ ~ g  point of 200-201" and a seconcl melting point due to the anhydride of 
133.5-1:3l0; (B) small prisms (0.02 g) with a melting point of 203-207" and a second 
n~elting point of 133.5-134'. The infrared spectra in potassium bromide disks of these 
two ~nodifications showed slight differences in tlie intensity of the peaks in the region 
1500-1450 cm-I, and differences in the positions of the peaks in the region 1000-850 cm-I, 
which arc probably due to variations in the crystalline structure. The two forms were 
methylatecl separately (see below) to give identical products as  determined by infrared 
spectra and mixed melting points. 

(b) ~-~IetIiosy-6-ethoxy-7-chlorophthalide (XVI) (1.0 g, 1n.p. 174-175") was oxidized 
as above, and the product after one crystallization fro111 water melted a t  192-194O and 
thc sccontl melting point was 133.5-134". This pl-oduct appeared to be homogeneous, 
ant1 the infrared spectrum was identical with that given by the ~nodification B above. 

Di/izctliyl .j-Cl~loro-~-ethoxy-5-~~zetl~oxypl~thalate ( I X )  
( a )  3-Chloro-4-cthosy-5-methoxypl~tl~alic acid (0.2 g, crystals A) were added to diazo- 

nietlianc solution (20 1111, 2% iin ether) and left to stand overnight. The colorless solution 
was evaporated to clryness and the easily solidified residue was crystallized from petroleum 
ether (11 p. 30-60") to give heavy needles which melted a t  68.8-70.4". 

The protluct from crystals B melted a t  70.4-70.G0, and a mixed melting point was 
68.8-70.4". 

(b) 3-Cl1loro-4-ctl~oxy-5-1i1et1~oxyphtl~alic acid (0.44 g from (b) above) yielded white 
nceclles (0.38 g) \\rith a melting point of 70.4-71.4", ~ v l ~ i c h  did not depress the melting 
point of the above products. Found: C, 51.70, 51.66; H ,  5.12, 4.86; CI, 12.29, 12.42%. 
Calc. for ClnpIljCIO~: C, 51.56; I-I, 4.99; CI, 11.72%. 

The infrared spectra given by  the three samples of dinlethyl 3-chloro-4-ethoxy-5- 
methoxyphthalate \\-ere identical. 

A ttciizpted Decklori~zatio7zs 
5-Chloro\-anillic acid (11) was used as a model compound in experiments designed to 

find the conditions for removal of the chlorine atom. The methods tried were: (a) sodium 
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amalga111 in aqueous medium, (b) zinc dust and potassiu~ll hytlroxide, (c) prefornled 
chronlous chloride, (d) chrornous chloride prepared in  situ. All experiments failed, the 
only c o m p ~ u n d  i s~ l a t ed  being unchanged 5-chlorovanillic acid. The last two series of 
experimeilts were repeated with 4-chloro-5-hydroxy-6-metl~oxypl~tl~alide (111) and once 
again there was no evidence tha t  chlorine had been successfully removed. 
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