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free of starting material according to paper chromatography 18.8; S, 10.7. Found: C, 44.1; H, 4.64; N, 18.9; S, 
and infrared spectroscopy. Deacetylation of 150 mg. of the 10.9. 
triacetate i XX) with methanolic sodium methoxide in the 
usual fashion $ave 75 mg. (717,) of the desired product 
(YXI) ,  m.p. 211.0-212.5’ dec. Recrystallization from 
water gave the analytical sample, m.p. 227-228“ dec.; 
[CY] 3 3 ~  -80’ (1% in 0.1 N sodium hydroxide); 322.5 
mp ( e  23,000), A:!: 318 mp (E 18,500), 311.5 mp 
(E 23,000). The product was homogeneous on paper chro- 
matography with R A d  1.74 (solvent B). 

A n a l .  Calcd. for CIIHI~N,O~S: C, 44.3; H, 4.73; N, 
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A number of compounds that are related to 4-(iodoacetamido)salicylic acid, an exo-alkylating irreversible enzyme in- 
hibitor, have been synthesized in order to make them available for enzyme studies. These compounde are derivatives 
of oxanilic and salicylic acids that contain alkylating groups such as haloacyl, haloacetamido, and nitrogen mustard functions, 

Nonclassical antimetabolites-relatively large 
molecules compared to the substrate-capable of 
inhibiting the lactic acid dehydrogenase (LDH) 
catalyzed reduction of pyruvate by reduced diphos- 
phopyridine nucleotide (DPn”) have been found.5 
Examples are such compounds as salicylate, oxani- 
late, and phenylpynivate, with 150 values6 of 19, 14, 
and 21, respectively. 

These compounds also inhibited the glutamic 
acid dehydrogenase (GDH) catalyzed conversion of 
L-glutamate to a-oxoglutarate with 1 5 0  values of 
20, 19, and 36, respectively. Therefore, 4-(iodo- 
acetamido)s:tlicylic acid (I) was investigated as a 
possible irrry-ersible inhibitor of these two enzymes. 

0 
I C H , C N H ~ O H  II 

COOH 
I 
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classical antimetabolites. 

(6) An Is0 value is defined6 as the millimolar concentration of 
inhibitor necessary t o  give 50% reversible inhibition of a n  enzyme in 
the presence of 1 millimolar concentration of substrate. 

In a previous paper12 it was shown that I was an 
irreversible inhibitor of both LDH and GDH. 
Strong evidence was presented3 that this inhibitor 
complexed reversibly with the active site of these 
enzymes, then became irreversibly bound by alkyl- 
ation of the enzyme adjacent to the active site; 
this phenomenon was predicted earlier’ and mas 
termed “exo-alkylation.” The phenomenon of 
exo-alkylation is shown diagramatically by the 
sequence 11-V. An important facet of this problem 

7 H 

& + A-BF!E. . . . .A-B+E-A+BH 

was to eliminate the possibility that I1 and I11 
reacted bimolecularly with direct formation of V 
without intervention of the reversible complex, IV; 
this type of irreversible inhibition was termed 
“tail-alkylation.”3 In the case of I and GDH, only 
exo-alkylation took place and there was no measur- 
able amount of tail-alkylation.a Similarly, I and 
LDH interacted by the exo-alkylation route, but 
the possibility of a small amount of tail-alkylation 
could not be eliminated.* 

A series of compounds related to I that might be 
more selective for one enzyme oyer the other were 
needed. These compounds can be grouped as 
follows: (1) variation of the bridge length in the 
reversible complex (IV) between the halogen and 

I1 I11 IV v 

(7) B. R. Baker, Cancer chemotherapy Reports, No. 4, 1 (1959), 

( 8 )  B. R. Baker, W. W. Lee, and E. Tong, J. Theoretical Biology, 
National Cancer Institute, paper I on nonclassical antimetabolites. 

in  press. 
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TABLE I 
4- or 5-( a-HALOACYLAMIDO)SALICYLIC ACIDS 

( ~ 0 1 u -  k ield, 
c I1 XC x Rlb Formula Iiuund Substituent? N . p ,  oc a c, 11 

VI 5-(ICH,CONH) 244-246d (237-239) 20 (34) 0.95 ( U )  C ~ H ~ I N O I  Calcd. 39 6 
Found 39 2 

29 5 -"  - 
VI11 4-(ICH&OKHCHZ- 235-23P (220-225) 44 (84) 0 75 (E) C I ~ H I I I X ~ O ~  Calcd. 34 9 2 91 33 5 7 47  

CONH) Found 34 7 2 89 33 5 7 39 
X I  5-Br-4-(ICH2CONH) 230-232d (233-235) 36 (63) e CsHTBrIS04 Calcd. 26 5 1 76 19 97 3 52 

31.7 

31 6 
Found 26 9 1.81 19 8, 3 52 

XI1 4-(ICH2CH2CONH) 228-23Og (220-228) 35 (75) 0.83 (A) CIOHIOINOl Calcd. 35 8 3 00 37 5 4 17 
Found 36 0 3 15 37 6 4 25 

XI11 4-(CHaCHICOKH) 233-235h (187-190) 60(72) 0 22 (B) CloHloIK04 Calcd. 35 8 3 00 37 5 4 17 
Found 35 .5  2.69 37.7 4.15 

XIV 44 CsHsCHClCONH) 208-21Oj (198-200) 50 (63) 0.84 (A) ClsH&lN04 Calcd. 59.1 3.96 11 . 6  4.59 
Found 59.1 3.61 11.7 4.67 

XV 4-(ICH2CON) 1 59-160L (157-160) 63 (74) 0.22 (B) CIOHIOINO~ Calcd. 35.8 3.00 37.5 4.17 
I 0 .85 (F) Found 35 .5  3.08 37.7 4.18 

CH, 
a Melting points and yields are for analytical samples. Corresponding values in parentheses are for crude product. 

See ref. 33 for solvent system code. e Not separable from 
Recrystallized from 1,2-dimethoxy- 

See ref. 39 for synthesia of a-chlorophenylacetyl 

X is appropriate halogen. Recrystallized from ethanol. 
starting material in solvent systems tried. f First value is for Br; second, for I. 
ethane-Skellysolve B (1 : 1). Recrystallized from acetone-water. 
chloride. Recrystallized from 40% ethanol. Reported m.p. 200-202" in ref. 9. Triturated with hot benzene. 

the nucleophilic group on the enzyme (compounds 
VI, VIII, XII) ;  (2) bulk tolerance of the enzyme 
(11) near this nucleophilic group on the enzyme 
that could be used to differentiate the enzymes or to 
decrease the extent of tail-alkylation (compounds 
XI, XIII, XIV, XV); (3) other alkylating groups 
attached to salicyclic acid that may differentiate 
the enzymes by the fact that the nucleophilic group 
involved on LDH and GDH may not be the same 
(compounds XXXIA, XLIVL4, and XLVI); (4) 
the effect of oxanilic acid5 as a carrier of an alkylat- 
ing function (compounds LIII, LT'II, and LX). 
This paper describes the synthesis of these com- 
pounds; the biological results will be reported in a 
sithsequent paper. 

? H ~ N o ; ; ~ ~  
I C H 2 C O ~ H C l ~ ~ 2 H  

VI / VI1 

VIII. R=ICHICO 
I X . R = H  

X . R = H  
XI. R = ICHZCO 

CHs XII. R = ICHzCHzCO ,/ 
I 

I 
c1 

XIII. R = CHaYHCO ICHzCO&QC)32H 
XIV. R-COHSCHCO 

xv 

The various S-acylaminosalicylic acids that 

form groups 1 and 2 were prepared by the general 
method of condensing the appropriate acyl chloride 
with the appropriate aminosalicylic acid in aque- 
ous solution containing excess sodium bicarbonate. 
Thus, 4- (6-iodopropionamido) salicylic acid (XII) , 
4-(a-iodopropionamido)salicylic acid (XIII), and 
4-(a-chloro-a-phenylacetamido)salicylic acid (XIV) 9 

were readily obtained from 4-aminosalicylic acid 
(VII). In  a similar way, 5- (iodoacetamido)sali- 
cylic acid (VI) was obtained from 5-aminosalicylic 
acid and iodoacetyl chloride. The general proce- 
dure is illustrated in the Experimental by the prep- 
aration of VI. The results for the others are sum- 
marized in Ta ble I. 

Two methods were investigated for the prepara- 
tion of 4 - (iodoacetyl - g1ycylamino)salicylic acid 
(VIII) , Condensation of 4-aminosalicyclic acid and 
iodoacetylglycine by the mixed anhydride method 
gave unattractive oils. The reaction of 4-(glycyl- 
amino)salicylic acid (IX) with iodoacetyl chloride 
in cold aqueous sodium hydroxide, however, gave 
an 84y0 yield of VIII. The glycylamino acid (IX) 
\\-as prepared in excellent yield by reaction of 4- 
(ch1oroacetainido)salicylic acids with concentrated 
aqueous amnionia. 

5-Bromo-4-(iodoacetamido)salicyclic acid (XI) 
was obtained by the same general method of con- 
densing iodoacetyl chloride with 4-amino-5-bromo- 
salicylic acid (X). l 1  

(9) C. van der Stelt, A. J. Z. Vourspuij, and W. Th. Nauta, Arenas- 
mzttel-?'"orach., 4, 544 (19.54). 

(10) A. A. Goldburg and  N. L. Thomaa, British Patent  665,675, 
January 30, 1952, reported m.p. 218-222' for IX. Our product 
appeared to exist as a n  internal salt that  did not melt below 300' 
and was chromatographically homogeneous. 
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4- [ (S-Met hy1)iodoacetamido ]salicylic acid (XV) 
was also readily obtained by the reaction of iodo- 
acetyl chloride with 4- (methy1amino)salicylic acid 
(XXV), whose preparation will be described later. 

In synthesizing the three salicylic acid mustards 
(XXXIA, XLIVA, and XLVI) and 4- [&-methyl)- 
iodoacetamido ]salicylic acid (XV), the main prob- 
lem was suitably to block and deblock the three 
functional groups of 4-aminosalicylic acid so that 
the appropriate groups could be attached to the 
group. Unsuccessful attempts directly to hydroxy- 
ethylate 4-aminosalicylic acid made it clear that a 
blocked derivative of that acid would be required. 
One additional concern was the extreme ease of acid 
decarboxylation of salicylic acid derivatives that 
have electron-donating substituents. 

An attempt simultaneously to block the phenolic 
and carboxyl groups of 4-aminosalicylic acid did 
not lead to a useful intermediate. Momry and 
 colleague^^^ have converted salicylic acid to various 
benzo-l,3-dioxan-4-ones by reaction with enol ace- 
tates or aldehyde diacetates in the presence of sul- 
furic acid and mercuric salts. In  the present work, 
4- (benzyloxycarbony1amino)salicylic acid (XVI) , 
prepared from 4-aminosalicylic acid and carbo- 
benzoxy chloride in cold aqueous sodium bicarbon- 
ate, was converted in fair yield to 7-(benzyloxy- 
rarbonylamino) -2,2 -dimethyl -1,3 -benzodioxan -4- 
one (XXIII) by treatment with isopropenyl acetate 
in the presence of sulfuric acid and mercuric acetate 
under long reflux. Under less drastic conditions, 
the product was O-acetyl-4-(benzyloxycarbonyl- 
amino)salicylic acid (XIX) . 

Attempts to N-alkylate XXIII  with methyl 
iodide using sodium hydride in X,K-dimethylform- 
amide did not lead to the N-methyl derivative 
(XXIV). The products were not identified but the 
infrared spectrum showed that K-methylation had 
not occurred and that deep-seated changes had 
taken place in the molecule. 

Attention was now directed ton-ard conventional 
stepwise blocking of 1-11. It was converted to 
methyl 4 - (benzyloxycarbony1amino)salicylate 
(XVII), either via the N-acyl acid (XVI) or iiia the 
ester (XVIII)14; the latter route was preferred. 
Reaction of XYII with benzoyl chloride in pyri- 
dine gave methyl 4-(benzyloxycarbonylamino)-o- 
benzoylsalicylate (XXI). 

From XXI, the two N-methyl compounds (XV 
and XXXIA) mere synthesized first; the experience 
gained with these two compounds guided our syn- 
thesis of the last two mustards, XLIVrl and XLVI. 

N-Methylation of XXI by the use of sodium 
hydride and methyl iodide in K,S-dimethylform- 
amide proceeded very smoothly, in contrast to our 

(11) m'. Berends, J. 11. Waisvisz, and A. K. J. hlulder, Rec. trau. 

(12) A. V. WiIli, Trans. Faraday Soc., 56, 433 (1959). 
(13) D T. hlowwy, W. H. Yanko, and E. L. Ringwald, J. Am. 

(14) D. J .  Drain, D D. Martin, 13'. Mitchell D. E. Seymour, 

chtm., 74, 1323 (1955). 

Chem. S o c ,  69, 2358 (1947); D T. hlonry. zbzd., 69, 2362 (1947). 
and F. S. Spring., J. Chem. Soc.. 1498 (1949). 

0 
II 

Z = C6HSCHzOC- in all formulas 

Z"O;;2R - H2NoE;2R 

XVI. R = H  VII. R = H XIX 
XVII.R=CH3 XVIII.R=CH3 

II 0 

0 

XXI. R = H  
XXII. R=CH3 

\ 

0 \ 0 
II 

XXI. R = H  
XXII. R=CH3 

\ 

0 
CHJ 0 I 

CHs"/ OH 

xxv XXVI. R=CH&H20H XXVIII 
O C O Z H  

XXVII. R CHzCHzCl 

\ 
CH, 

J 
CH3 

C ~ C H , C H ~ ~ J ~ O R  C1CH2CH2&fJOR 
\ C02CH3 - ' COzH 

XXIX. R = H XXSIA. R = H 
AXXIB. R=COCHj XXX. R = PO3H2 

experience with the benzodioxanone (XXIII) . 
The benzyloxycarbonyl group was readily removed, 
either by hydr~genolysis'~ or with hydrogen bro- 
mide in acetic acid,16 to give XX. Some attempts 
ivere made to convert XXII  directly to XXV with- 
out isolation of XX; however, these were not suc- 
c essf u 1. 

At this point, the hydrolysis of XX to 4-(methyl- 
amino)salicylic acid (XXY) had high priority. This 
experiment mould indicate whether decarboxyl- 
ation would be a serious side reaction in the final 
step of the projected sequence in which acid hydrol- 
ysis of the mustard esters mould give the mustard 
acids (XXXIA, XLIVA, and XLYI). It was 
found that XX was convertible by either acid or 
base hydrolysis to XXV in reasonable yields. Acid 
hydrolysis gave a slightly cruder product, suggest- 
ing that a minor side reaction mas occurring in acid. 
The successful acid hydrolysis of XX suggested 
that for these salicylic acid derivatives, decarbox- 
ylation in the presence of acid might not be too 
serious. 

The preparation of the S-methyl mustard 
(XXXIA) from XX proceeded smoothly through 
the hydroxyethylation step to XXVI and through 
the chlorination step with thionyl chloride to give 
XXVII; both XXVI and XXVII mere oils that 
could be used in subsequent experiments without 
any purification. Compound XXVI was obtained 
in analytical purity by column chromatography. 

(15) hf. Bergmann and L. Zervas, Ber., 65, 1192 (1932). 
(16) D. Ben-Ishai, J. Ow. Chem., 19, 62 (1954). 
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Hydrolysis of XXVII by heating for 45 minutes 
\yi th concentrated hydrochloric acid gave the de- 
sired 4- [ (2-chloroethy1)methylamino ]salicylic acid 
(XXXIA) in only 12% yield (from XXVI). This 
yield could not be increased, suggesting that side 
wact ions, presumably including decarboxylation, 
w r c  more serious than anticipakd on the basis of 
the successful acid hydrolysis of XX to XXV. 

From our experience with XXIA, the synthesis of 
the bismustard XLIVA appeared to be feasible if 
drcmboxylation did not become more serious than 
n-ii h XXXIA. 

Initial attempts to prepare XLIVA procccdcd 
via hydroxyethylation of XVIII in glacial acetic 
acid" to give XXXIII. All attempts to chlorinate 
XXXIII  with phosphorus oxychloride or thionyl 
chloride gave dark, unattractive oils; this suggested 
that blocking the phenolic hydroxyl was necessary 
before chlorination. However, as will be mentioned 
later, it was possible to  proceed from XXXIII to 
the bismustard XLIVA in low yield without using 
the 0-benzoyl blocking group. 

P 

nature of the amine group of XXVIII.lg How- 
ever, when glacial acetic acid1' was used as the sol- 
vent, the bishydroxyethyl compound (XXXV) was 
obtained in good yield. Compound X X X V  was 
also obtained by reaction of XXXII with benzoyl 
chloride in the presence of base, all reactants being 
in equimolar quantities. The over-all yields by 
either the shorter route (via XXXII) or the longer 
route (via XXVIII) were comparable. 

The chlorination of methyl 0-benzoyl-4- [bis(2- 
hydroxyethyl) amino 1- salicylate (XXXV) pro- 
ceeded readily when heated in rcfluxing phosphorus 
oxychloride for 30 minutes to give the crystalline 
blocked bismustard XXXVII in 74% yield. When 
XXXV was treated with thionyl chloride in re- 
fluxing methylene chloride, a solid of much higher 
melting point was obtained. The infrared spectrum 
and elemental analysis fitted those of a cyclic sul- 
fite such as XLV. A similar cyclic sulfite has been 
described.20 The chlorination of XXXV with 
thionyl chloride in refluxing chloroform gave, 
after 20 hours' reaction time, some of the desired 

0 

XXXII. R = H 
XXXIII. R=CHZCHzOH 

I 

XXXIV. R = H 
XXXV. R =CHzCHzOH 

XXXVI. R = H 
XXXVII. R =CH*CHzCl 

I 

J. 
H 

C i C H z C H z A ~  

J. 
R 
I 

H O C H ~ C H ~ N ~ O H  (C~CH~CH~) ,N OOR 
COzH \ COzCH3 \ COzCH3 

XXXVIII .R=H XL.R=H XLII. R = H 
XLI. R =POsHa XLIII. R=P03Ha XXXIX. R =CHZCHzOH 

I 

.1 / 0 H 

( C ~ C H , C H , ) , N ~ O R  OS(0CHzCHz)zN OCCBHS C i c H z c H z A ~ ~ ~  
\ COzH 

XLIVA. R = H  XLV o C ' d Z c H 3  XLVI 
\ COzH 

XLIVB. R= COCHa 

COzCH3 
XLVIII XLIXA. R-CI 

XLIXB. R=N(CH*)* 
XLVII 

Further attempts to prepare the bismustard 
XLIVA utilized the completely blocked derivative 
(XXVIII), which was prepared in excellent yield 
from XXI either by hydrogenolysis or with hydro- 
gen bromide. Reaction of XXVIII with excess 
ethylene oxide in aqueous acetic acid gave a mix- 
ture of products and starting material from which a 
4Oy0 yield of the monohydroxyethyl derivative 
(XXXIV) was obtained. Evidently bishydroxy- 
ethylation'* is precluded by the very weakly basic 

mustard (XXXVII), though not in as high yield 
as with refluxing phosphorus oxychloride. All 
attempts to hydrolyze the blocked mustard (XXX- 
VII) in hydrochloric acid, either alone or with dilu- 
ents, were unsuccessful. Compound XXXVII was 
either extremely insoluble or extremely unreactive 
when soluble. 

Debenzoylation of XXXVII in hot methanolic 
hydrogen chloride gave XL. This compound, al- 
though readily soluble in hot hydrochloric acid, was 

(17) A. H. Soloway and E. Nyilas, J .  Oro. Chem., 26, 1091 (1961). 
(18) W. C. J. Ross, J. Chem. Soc., 183 (1949). 

(19) A. V. Willi and W. hleier, Helo. Chim. Acto, 39, 318 (1956). 
(20) W. C. J. Ross and G. P. Warwick, J. Chem. Soc., 1364 (1956). 
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hydrolyzed to  XLIVA in only 4% yield. This was 
much poorer than the yields obtained in the similar 
hydrolysis of either the corresponding bishydroxy- 
ethyl ester (XXXIII) (54% yield) or the N-methyl 
mustard ester (XXVII) (12y0 yield). The acid 
hydrolysis of X L  gave, as a major product, a highly 
colored material that appeared to result from de- 
carboxylation. This material was insoluble in 
aqueous bicarbonate solution and lacked carbonyl 
absorption in its infrared spectrum. Rate com- 
parisons by means of paper chromatography con- 
firmed the fact that this chromatographically 
homogeneous by-product formed so rapidly in the 
hydrolysis of X L  that the desired XLIVA was never 
present in large quantity. 

A minute amount of the bismustard XLIVA was 
obtained from the trratment of the bis(2-hydroxy- 
ethy1)amine (XXXV) with phosphoryl chloride. 
The reaction mixture was decomposed with ice and 
water and, on long standing, a small amount of the 
crystalline mustard XLIVA precipitated from the 
aqueous solution. It seemed possible that XLIVA 
resulted from loss of the 0-benzoyl group?‘ during 
chlorination to give, first, X L  and then the dichloro- 
phosphate of X L  by further reaction with phos- 
phoryl chloride. During the hydrolysis, the dichlo- 
rophosphate was converted to the phosphate (XLI), 
which gradually hydrolyzed 1 o XLIVA. 

The above speculations and the behavior of sali- 
cy1 phosphate (XLVII) 3 2  and salol phosphate 
(XLVIII),a3 which are much more readily hydro- 
lyzed than the corresponding meta and para isomers 
in the pH 3-7 region, suggested that the O-phos- 
phate derivative (XLI) should be deliberately pre- 
pared and hydrolyzed at  near neutral pH to obtain 
XLIVA. This pH would minimize acid-catalyzed 
decarboxylation’? w-hile a t  the same time the hydrol- 
ysis would be facilitated by participation of the 0- 
substituent. 

Treatment of X L  with phosphorus pentachloride 
by the procedure of Chanley, Gindler, and Sobotka22 
gave the presumed 0-phosphate (XLI) as an oil. 
This was immediately heated for ten minutes a t  
about 80’ in aqueous disodium hydrogen phosphate, 
adjusted to pH 5-7, to give XLIVA in 48% yield 
(from XL). The over-all yield from XVIII to 
XLIVA is 13%. 

The 0-phosphate (XLI) can conceivably be pre- 
pared from XXXIII  directly by reaction with 
phosphorus pentachloride, either alone or with 
phosphorus Oxychloride. Two expcriments indi- 
cated that the mustard XLIVA was obtainable in 
7-1070 yield directly from XXXIII. No further 
effort was made to establish optimum conditions. 

(21) E. R. Garrett, J .  Am.  Chem. Sac., 79, 3401 (1957), and refer- 

( 2 2 )  J. D. Chanley, E. M. Gindler, and H. Sobotka, ibid., 74, 4347 

( 2 3 )  3. Ami, J .  Bioehem., 20, 4G5 (1934); A. Michaelis and W. Kerk- 

ences given in E. R. Garrett, ibid.. 81, 711 (1963). 

(1952). 

hof, Ber. ,  31, 2172 (1898). 

The over-all yield from XVIII to XXXIII to 
XLIVA was 5-6%. 

The 0-phosphate approach also proved to be the 
method of choice for preparing XXXIA. 

The corresponding 0-benzoyl blocked mustard 
(XXVII) was debenzoylated to the crystalline 
XXIX by methanolic hydrogen chloride in 70% 
yield. This was similarly 0-phosphorylated and 
then hydrolyzed to the final mustard acid (XXXIA) 
in 43% yield (from XXIX). 

Acetylation should convert the two mustards, 
XXXIA and XLIVA, to the corresponding “as- 
pirin” mustards, XXXIB and XLIVB, respectively. 
It is of interest to compare the last two with the 
first two as potential anticancer agents, since the 
acetylated mustards, like acetylsalicylic acid 
(aspirin), may possibly show transport properties 
in biological systems different from those of the 
corresponding unacetylated molecules. Accord- 
ingly, XXXIB and XLIVB have been synthesized. 

The fact that the reaction of XXVIII with ex- 
cess ethylene oxide in aqueous acetic acid afforded 
the monohydroxyethyl derivative (XXaXIV) in low 
but usable yields encouraged us to prepare the one- 
armed mustard (XLVI). 

Some attempts were made to improve the yields 
of ,XXXIV. When XXVIII was treated with one 
mole of ethylene oxide in glacial acetic acid, 
XXXIV could not be isolated. The reaction mix- 
ture appeared to consist mainly of unreacted 
XXVIII and the bishydroxyethyl product, XXXV. 
However, when methyl 4-aminosalicylate was 
treated with one mole of ethylene oxide in glacial 
acetic acid, the monohydroxyethyl derivative, 
XXXII, could be isolated in good yield. This was 
not entirely free of bishydroxyethyl contaminant, 
but the crude product was suitable for further reac- 
tions. Benzoylation of XXXII in aqueous base 
gave XXXIV in 52% yield. For the monohy- 
droxyethyl series, this shorter route appeared to be 
preferable. 

Chlorination of XXXIV with phosphorus oxy- 
chloride a t  reflux temperature gave the noncrystal- 
line XXXVI, which was not characterized. The 
crude XXXVI was debenzoylated by the usual 
method to the crystalline XLII  in 61% yield (from 
XXXIV). Hydrolysis in concentrated hydrochlo- 
ric acid at  75’ for 55 minutes afforded the desired 
mustard (XLVI) in 24% yield. One attempt to 
utilize the 0-phosphate derivative (XLIII) in 
preparing XLT’I was unsuccessful, perhaps because 
of side reactions involving the secondary amino 
group in XLII. This was not unexpected, since 
treatment of XXXII a t  85-88’ with phosphorus 
oxychloride, either alone or with benzene, gave a 
crystalline compound that was assigned the struc- 
ture of XLIXA on the basis of its elemental analy- 
sis, very strong ferric chloride test, and infrared 
spectrum that had strong absorption a t  7.75-7.85 
p (P= 0)24 and no absorption at 3.0 p (S-H). 
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Reaction of XLIXA with ethylenimine gave the 
corresponding derivative (XLIXB) . This was 
synthesized for anticancer screening since it, like 
some known agents with antitumor activity, con- 
tains an alkylating group attached to the phos- 
phorus. 25 

m- [Bis (2-chloroethyl)amino]oxanilic acid (LIII) 26 

is of interest not only as a potential irreversible in- 
hibitor of LDH, but also as an example of a modi- 
fied chlorambucil side chain.2' The sequence for 
the preparation of LIII proceeded from ethyl m- 
iiitrooxanilate (L) through LI, LIV, and LV. This 
sequence follows the usual aryl mustard synthesis 
except that acid hydrolysis of the final ester (LV) 
has to be carefully controlled to avoid concomitant 
hydrolysis of the oxamide linkage. 

0 0 
II II 

0 
II 

I 
NO2 

L 

I 
NHz 

I L1 

I 
NHz 

I LII 
0 .  + O  J . 0  

I/ II II 
HCCOOEt / NHCCOOH 

Q " C C O O H + ~  Q 
N(CH2CHzCl)z N(CH2CHzR)Z NHCCHzX 

LIII LIV. R = OH a 
LV. R = C1 LVI. x =  c1 

LVII. x = I 
Ethyl m-iiitrooxanilate (L) was obtained in ex- 

cellent' yield by the addit,ion of one mole of ethyl 
oxalyl chloride to two moles of m-nitroaniline in 
refluxing methylene chloride. The m-nitroaniline 
hydrochloride, which precipitated, was readily 
separated from the solution of the product ester. 
Hydrogenation at  room temperature with palla- 
dium catalyst' reduced L to LI. This in turn gaw 
the crystmallhe bis(hydroxyet,hyl)amino compound 
(LIV) in over 82% yield when treated with ethylenc 
oxide in aqueous acetic acid. Heating LIT' ill 
phosphorus oxychloride at  reflux for ten minutes 
gave the cryst'alline ester (LT') in G5% yield. Too 
long a reaction time (over 30 minutes) gave an im- 
pure, red oil containing decomposition products. 
The infrared spectrum suggested that reaction 
with the oxamide linkage had occurred. The 
optimum conditions w r e  established by experi- 
ments in which t'he rat,es of product and by-product 
formation were followed by paper chromatography. 
The final must,ard (LIII) was obt,aitied in *55% yield 

(24) L. J .  Bellamy, "The Infrared Spectra of Complex R.loleoules," 
John Wiley and Sons, Ino., New York, N. Y., 1958, p. 312. 

(25) For tri(1-aairidiny1)phosphine oxide, see XI, V. Nadkarni. 
E. G. Trams, and P. K. Smith, Cancer Res., 19, 713 (1959); for alkyl 
N-[bis(ethylenimido)phosphoro]carbamstes, Bee T. J. Bardos, Z. B. 
Papanastassiou, A. Sepaloff, and  J. L. Ambrus. Nature, 188, 399 
(1959). 

(26) Synthesis of the para isomer was reported recently after this 
work on the melo mustard wa8 completed: see &I. H. Benn, -4. M. 
Creighton, L. N. Owen, and  G. R. White, J .  Chem. Soc. ,  2366 (1961). 

(27) For paper IX on chlorambucil, see A. P.  hIartinea, W. W. Lee, 
nnd B. R. Baker, J .  Org. Chem., 26, 4501 (1961). 

by hydrolysis for three hours a t  25' with concen- 
trated (12 N )  hydrochloric acid. 

The amino ester (LI) was readily hydrolyzed to 
the known m-aminooxanilic acid (LII)28 in excellent 
yields by heating for 1.5 minutes in 12 N hydro- 
chloric acid. The product precipitated from solu- 
tion as rapidly as it was formed, consequently 
there was little or 110 amide hydrolysis as a side 
reaction. While the infrared spectrum suggested 
that LII initially precipitated as the hydrochloride 
salt, it was converted to an internal salt or zwitter- 
ion upon recrystallization from K,N-dimethylform- 
amide and water. Elemental analyses of the re- 
crystallized product agreed with the free base or 
zwitterion form; no chlorine was present, 

The amine (LII) was also prepared by reversing 
the sequence of the reduction and hydrolysis steps. 
The nitro ester could be hydrolyzed to m-nitro- 
oxanilic acidZ9 in 'iG% yield with hot 0.2 N sodium 
hydroxide solution. m-Kitrooxanilic acid was 
readily reduced to LII by hydrogen with palladium 
(5% on charcoal) in 2-methoxyethanol. Reaction 
of LII with the appropriate acyl chloride by the 
standard procedure readily afforded m- (chloro- 
acetamido)oxanilic acid (LVI) and m-(iodoacet- 
amido)oxanilic acid (LVII). 

In the preparation of m-(bromoacety1)oxanilic 
acid (LX), the bromination of both m-acetylox- 
anilic acid (LIX) and its ethyl ester (LVIII) was 
examined, The use of the ester might offer some 
advantages, since it was considerably morc soluble 
than the acid in most solvents. Furthermore, 
ethyl o-acetyloxanilate was known30 to give the a- 
bromo derivative when brominated in chloroform. 
If the bromo ester (LXI) could be prepared, then it 
could conceivably be hydrolyzed to the acid LX. 

0 4 Q 
II II 

c=o 
I 

c=o 
I I 

CH3 CH3 CH2Br 
LVIII LIX LX 

0 
1 0 

3. 

I I 
COOH c=o 

I @  
CHzNCbH, 

I c=o 
I LXIII 

CHiR 

LXII.R=NC5HE 
LXI. R = Br LXIV 

BBrE 

The broIninaiion of LVlIl arid L1X \vas at- 
tempted in a number of solvents and under a variety 
of conditions. In all cases, the products had broad 

(28) -4. Albert, J .  Chem. Soc., 121  (1941). 
(29) Anselmino, Chem. Zenfr,., I ,  753 (1906). 
(30) H. de Diesbach, A. Schiiroh, and G. Cavin, Helr. Chim. .4ctn, 

31, 716 (1948). 
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melting point ranges and were mixtures of mono 
and dibromo derivatives. These could be sepa- 
rated by fractioiial crystallization in fair yields. 
However, it was found that a single monobromo 
product could be obtained in SO-SO% yields when 
either LVIII or LIX was treated with one mole of 
bromine in refluxing ether with light to catalyze the 
reaction. The acid was only partially soluble in 
ether; however, as the bromination proceeded, it 
gradually dissolved and LX gradually precipitated. 
The structures of the monobromo products from 
LVIII and LIX were shown to be those of the a- 
bromo derivatives, LXI and LX, respectively, by 
Krohnke's method. 31 Reaction with pyridine gave 
high yields (97% and SO%, respectively) of the a- 
pyridinum salts. The acid (LX) gave an internal 
salt (LXIV); the ester (LXI) gave the normal bro- 
mide salt (LXII). These pyridinum salts were de- 
graded in hot sodium hydroxide solution to rn- 
aminobenzoic acid (over 50% yield in both cases), 
which was indistinguishable from an authentic 
sample by mixed melting points and infrared 
spectra. 

a, a,  a-Tribromoacetophenone, a selective reagent 
known to give sidechain rather than ring bromina- 
tion,32 was not satisfactory for the monobromina- 
tion of LVIII and LIX. One mole of either LVIII 
or LIX with one mole of a,a,a-tribromoaceto- 
phenone under the prescribed  condition^^^ did not 
afford a homogeneous melt and gave a mixture of 
products. h homogeneous melt was obtained by 
the use of two moles of a,a,a-tribromoacetophe- 
none to one of LVIII, but the product was an an- 
alytically pure dibromo derivative of LVIII, ob- 
tained in 67% yield. Presumably this was the 
a,a-dibromoacetyl derivative, although it was not 
identified. 

ExperimentaP 
5-( Iodoacetamido)salicylic Acid (VI) .-To an ice-cooled, 

stirred solution of 10.0 g. (0.065 mole) of 5-aminosalicylic 
acid in 300 ml. of water containing 34 g. (0.40 mole) of 
sodium bicarbonate was added dropwise over 15 min. the 

P. Da Re and L. (31) F. Krohnke, Chem. Ber., 66, 604 (1933); 

(32) F. Krohnke and K. Ellegast, Chem. Ber., 86, 1556 (1953). 
(33) Melting points were obtained with the Fisher-Johns apparatus 

and are uncorrected. Anhydrous magnesium sulfate was the drying 
agent used in all experiments. The petroleum ether fraction used 
had b.p. 30-60°, unless otherwise indicated. Payer Chromatograms 
were run b y  the descending technique on Whatman No. 1 paper and 
the spots were detected by visual examination under ultraviolet light 
except where otherwise indicated. T h e n  an Rf value is given, the 
material is homogeneous and separable from starting material unless 
otherwise indicated. The solvent systems used were: A ,  l-butanol- 
pyridine-water (35: 35:30); B,*4 water-saturated 1-butanol; C,85 
2-propanol-2 N hydrochloric acid (65 :35); D,s6 1-butanol-acetic 
acid-water (5:3:2) ;  E, 2-methoxyethanol-water ( 9 : l ) ;  F,s' benzene- 
water-methanol (2:  1 :6),  Schleicher and Schuell No. 2496 acetylated 
paper or Ederol acetylated paper: G, 1-butanol-methyl ethyl k e t o n e  
water-formic acid ( 4 : 3 :  1.5:1.5): H, 5% disodium hydrogen phos- 
phate (no organic phase); I, 1-butanol-benzenewater (1 :2 :satd.);  
.J, 1-butanol-methyl ethyl ketone-water (5:3  :2).  

(34) J. G. Buchanan, C. E.  Dekker, and -4. G. Lona. J .  Chrm. So?., 
3102 (1950). 

( 3 5 )  G. R .  Kyatt ,  Riochern. J., 48, 584 (1931). 

Cimatoribus, J .  Org. Chem., 26,  3650 (1961). 

iodoacetyl chloride prepared from 14.9 g. (0.080 mole) of 
iodoacetic acid. After stirring at  0-5" for 1 hr., the solution 
was made strongly acidic with cold %yo nitric acid (6 iV 
hydrochloric acid was used in some cases). The precipitate 
was collected and dried to afford 20.0 g. (96%) of crude prod- 
uct, m.p. 215-220' dec. Recrystallization from aqueous 
acetone afforded 7.0 g. (34%) of chromatographically homo- 
geneous product, n1.p. 237-239" dec. This still contained 
some solvent. Another recrystallization (from ethanol), 
followed by drying at  100"/0.5 mm. for 16 hr., gave 4.1 g. 
(2070) of VI, m.p. 244-246'; A::$, 3.10 (OH, NH), 5.90, 
6.00 (C=O), 6.41 (amide 11). Analytical data are given in 
Table I. 

4-( Benzyloxycarbonylamino)salicylic Acid (XVI) .-By 
the above procedure used for VI, 1.53 g. (10 mmoles) of 4- 
aminosalicyclic acid (VII) and 1.85 g. (11 mmoles) of car- 
bobenzoxy chloride gave 2.42 g. (85%) of product, m.p. 
189-190°, which was homogeneous according to paper chro- 
matography and was suitable for use in subsequent reac- 
tions. 

Recrystallization from ethanol-Skellylsolve B38 gave the 
analytical sample of XVI, m.p. 192.0-192.5'; A::$, 3.02 
(SH) ,  3.6-1.2 (acidic H), 6.05 (COOH, C=O), 5.78 (C=O 
of urethane), 6.47 (amide 11). It had Rf values of 0.22, 
0.44, and 0.90 in solvents F, B, and D, respectively. It 
gave a deep purple color with ferric chloride solution. 

Anal. Calcd. for C15HI31\;06: C, 62.8; H, 4.57; N, 4.88. 
Found: C, 62.7; H,4.75; N,4.94. 

The reaction is not complete with shorter reaction times 
than 2 hr . 

0-Acetyl-4-( benzyloxycarbonylamino)salicylic Acid 
(XIX).--4 solution of 2.9 g. (10 mmoles) of XVI in 30 nil. of 
acetic anhydride was heated a t  85" for 3 hr., the excess ace- 
tic anhydride was removed in uacuo, and the residue was 
dissolved in 25 ml. of toluene. The precipitate that gradu- 
ally appeared was collected and dried to afford 2.0 g. (557,) 
of product, m.p. 162-167'. Recrystallization from aqueous 
ethanol gave the analytical sample, m.p. 180-181'; A::$,, 
3.08 (NH), 5.75 (C=O of urethane), 5.88 (C=O of acid 
andester), 6.%(amide 11); A ~ ~ ~ m i m p )  265 (€22,500). I t  moved 
in solvents F and B with Rf values of 0.46 and 0.50, re- 
spectively. It gave a negative test with ferric chloride solu- 
tion. 

Anal. Calcd. for Cl~Hl&Os: C, 62.0; H, 4.60; N, 
4.26. Found: C, 61.7; H,4.70; N,4.30. 

7-( Benzyloxycarbonylamio)-2,2-dimethyl-l ,j-benzodi- 
oxan-4-one (XXIII).-A stirred mixture of 5.69 g. (19.8 
mmoles) of XVI, 45 ml. ( ca .  0.35 mole) of isopropenyl- 
acetate, 0.12 g. of mercuric acetate, a trace of hydroquinone, 
and 0.1 g. of concentrated sulfuric acid was heated a t  reflux 
for 22 hr., then evaporated in vacuo a t  60°/1 mm. The resi- 
due was partitioned between 50 ml. of methylene chloride 
and 50 ml. of water. The organic layer was separated, 
washed with 50 ml. of sodium bicarbonate solution and 50 
ml. of water, dried, and evaporated in vacuo (60°/15 mm.) 
to afford 6.0 g. of viscous gum. This was crystallized from 
chloroform-Skellysolve B3* (5: 1) to afford 3.2 g. (497,) of a 
white solid, map. 97-100". Two recrystallizations from 
absolute ethanol gave 2.7 g .  (42%) of the analytically pure 
product, m.p. 108.0-108.5"; Af;$ 3.05 (NH), 5.52 (ester 
C=O), 5.72, 5.75 (C=O of urethane), 6.50 (amide 11), 
9.42, 9.62 (C-0-C); A:::&, 282.5 ( e  22,450). It gave 3 
negative ferric chloride test and was not separable from 
starting material by paper chromatography. 

Anal. Calcd. for ClsH1,Pu'Oa: C, 66.1; H, 5.24; N, 
4.29. Found: C, 66.3; H,  5.35; N, 4.32. 

After storage a t  room temperature for 6 months, XXIII 
had decomposed extensively as shown by its new melting 

(36) D. M. Brow*n, -4. Todd, and S. Varadarajan, J .  Chem. Soc.. 

(87) T. Wieland and W. Kracht, Angew. Chem., 69, 172 (1957). 
(38) A Iisrirocsrhon fraction. mainly n-hexane, b.p. 62-70". 

2388 (1950). 
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point of 156-162" and the shift of carbonyl bands to 5.73 and 
5.88 p in its infrared spectrum. 

Attempts to prepare XXIII with smaller molar ratios of 
isopropenyl acetate ( 5 :  1 instead of 18:l) and shorter reac- 
tion time (4.5 hr.) gave up to 657, of the 0-acetylated sali- 
cylic acid (XIX), m.p. l77-178", identical to authentic 
material as shown by infrared spectrum, mixed melt,ing 
point, and paper chromatography. 

Methyl 4-(Benzyloxycarbonylamjno)salicylate (XVII) .- 
A stirred solution of 1.67 g. (10 mmoles) of methyl 4-amino- 
salicylate (XVIII)14 in 5 ml. of pyridine and 50 ml. of an- 
hydrous ether was treated with a solution of 2.0 g. (12 
mmoles) of carbobenzoxy chloride in 10 ml. of ether. The 
solution was stirred for 30 min. more and transferred to a 
separatory funnel. The solution was diluted with 100 ml. of 
ether, then washed with 50-ml. portions of water, 10% hy- 
drochloric acid solution, saturated sodium bicarbonate solu- 
tion, and water. The organic layer was dried, concentrated 
to about 25 ml., and cooled in ice. The white cryst,als that 
precipitated were collected, washed with Skellysolve B,38 

and dried to afford 2.18 g. (73y0) of product, m.p. 139.0- 
140.5', which was homogeneous as shown by paper chroma- 
tography and suitable for the next reaction. 

Recrystallization from absolute ethanol gave the analyti- 
cal sample of XVII, m.p. 142.0-142.5'; hEi$) 3.01 (NH),  
5.72, 6.02 (C=O), 6.50 (amide 11); h ~ ~ ~ m w , L ,  272 ( E  22,000), 
305 ( e  10,800). It had Ryvalues of 0.15 and 0.82 in solvents 
F and B, respectively, and gave a weak ferric chloride test.. 

Anal. Calcd. for CISHIINOL: C, 63.8; H, 5.02; N, 4.67. 
Found: C, 63.8; €1, 5.30; S , 4 . 7 6 .  

Methyl O-Benzoyl-4-(benzyloxycarbonylamino)salicylate 
(XXI).-A solution of 1.2 g. (3.95 mmoles) of the methyl 
salicylate (XVII), 6 ml. of pyridine, and 0.60 g. (4.27 
mmoles) of benzoyl chloride was heated at steam bath tem- 
perature for 3 hr. The reaction mixture was poured into 50 
ml. of water and extracted with ether. The ether extract 
was washed successively with 100 ml. of 10% hydrochloric 
acid solution, 75 ml. of water, and 75 ml. of saturated sodium 
bicarbonate solution. The ether extract was dried and 
evaporated in vacuo to ca. 20 ml., diluted with an equal vol- 
ume of Skellysolve B,3* and chilled. The granular white crys- 
tals were collected and dried to afford a first crop, 1.25 g. 
(78%) of XXI, m.p. 128-129". 

Recrystallization from ether-Skellylsolve B gave the 
analyticalsample of XXI, m.p. 128-129"; 1::;;) 3.04 (NH), 
5.74, 5.82 (C=O), 6.50 (amide 11); X ~ ~ ~ ~ m p )  232 (e 23,900) 
and 269 ( e  24,500). It moved in solvent B with Ry0.88, and 
gave a negative ferric chloride test. 

Anal. Calcd. for C~~HIJVOS: C, 68.1; 11, 4.72; N, 
3.46. Found: C, 68.3; €1,1.87; N,3.38. 

Methyl O-Benzoyl-4-[N-( benzyloxycarbonyl)-N-methyl- 
amino]salicylate (XXII).-A stirred solution of 0.42 g. (1.05 
mmoles) of XXI in 3 ml. of N,N-dimethylformamide was 
treated with 48 mg. (1.0s mmoles) of 54y, sodium hydride 
in oil (washed with ether to remove oil immediately before 
use). After I5 min. of stirring, a solution of 0.50 g. (3.55 
mmoles) of methyl iodide in 2 ml. of N,N-dimethylform- 
amide was added, the reaction mixture was heated on the 
steam bath for 10 rnin., then evaporated to dryness in vacuo 
at  40"/0.5 mm. The residue was dissolved in 25 ml. of 
methylene chloride, washed with 25 ml. of water, dried, and 
evaporated to dryness to afford 0.32 g. of crude product. 
Crystallization from ether-petroleum ether gave 0.25 p. 
( 5 8 ' 3 )  of analytically pure XXII, m.p. 84-85"; 
5.76, 5.82 (C=O); no absorption at  3 p (3-H). I t  was not 
s tp rah le  from starting material by paper chromatography. 

Anal. Calcd. for CZ~HZ~NOS: C, 68.8; 13, 5.05; N, 3.34. 
Found: C, 68.7; H, 5.12; Tu', 3.18. 

In larger scale runs, product of m.p. 80-82", suitable for 
subsequent experiments, was obtained in 83y0 yield. 

Methyl O-Benzoyl-4-(methylamino)salicylate (XX).-A 
well stirred mixture of 138 g. (0.329 mole) of XXII in 650 
ml. of glacial acetic acid saturated with hydrogen bromide 
was heated a t  40' for 30 min. (complete solution was attained 

in 20 rnin.) then concentrated in vacuo a t  50'. The residue 
was treated with toluene in 100-ml. portions and evaporated 
in vacuo three times. The sirupy residue was partitioned 
between 1.5 1. of methylene chloride and 1.5 1. of a saturated 
solution of aqueous sodium bicarbonate. The organic layer 
was water-washed, dried, diluted with 0.7 1. of petroleum 
ether (b.p. 6C-110°), and slowly evaporated until crystalliza- 
tion began, then was chilled to afford 85.6 g. (91yo) of faintly 
yellow crystals of XX, m.p. 155-156", homogeneous by 
paper chromatography and suitable for subsequent reactions. 

Recrystallization from absolute ethanol gave the analytical 
sample of XX, m.p. 163.0-163.5'; Ai:$) 2.99 (NH), 5.83, 
5.90 (C=O of esters). It moved as a single spot in solvent 
systems F ,  B, and G with Rj values of 0.24, 0.84, and 0.94, 
respectively. 

Anal. Calcd. for CISHILNO~: C, 67.4; H, 5.31; N, 4.92. 
Found: C, 67.2; H,5.29; N,4.75. 
44 Methy1amino)salicylic Acid (XXV). A. Basic Hydroly- 

sis.-A mixture of 0.50 g. (1.75 mmoles) of XX suspended 
in 25 ml. of 1 N sodium hydroxide and 25 ml. of 1,2-di- 
methoxyethane was heated at  a rate such that the 1,2-di- 
methoxyethane gradually distilled off in 2 hr. The resultant 
solution was cooled (ice bath) and acidified with concen- 
trated hydrochloric acid to pH 2, a t  which point precipitation 
began. The mixture was extracted with ether (3 X 50 ml.) 
and the combined ether solutions were evaporated in vacuo. 
The residue was triturated with 25 ml. of warm, concentrated 
hydrochloric acid and washed with ether (3  X 50 ml.) to 
remove benzoic acid. The aqueous acid phase was evap- 
orated to dryness and the residue was triturated with warm 
water, then collected on a filter to afford, after drying, 0.25 
g. (86%) of XXV, m.p. 134.5-135.0'. Recrystallization of 
the product from a charcoal-treated aqueous ethanol solution 
gave 0.26 g. of the analytically pure XXV, m.p. 
136.0-136.5'; A:::;) 2.95 (NH), 3.6-4.2 (acidic OH), 
6.12 (C=O of COOH). It moved with Rr 0.44 insolvent G. 

Anal. Calcd. for CsHgN03: C, 57.4; H,  5.42; N, 8.38. 
Found: C, 57.5; H, 5.38; N, 8.26. 

B. Acid Hydrolysis.-A mixture of 0.10 g. (0.35 mmole) 
of XX, 5 ml. of concentrated hydrochloric acid, and 1 ml. of 
1,2-dimethoxyethane was heated on a steam bath for 2 hr., 
during which time the 1,2-dimethoxyethane was allowed to 
distill. The reaction mixture was cooled, extracted with 
three 15-ml. portions of ether (to remove benzoic acid), and 
then evaporated to dryness to afford a light tan residue. 
This was triturated with water, collected on a filter, and 
dried t o  give 0.05 g. (85%) of XXV, m.p. 128.0-129.5", 
identical to XXV above by comparison of infrared spectra 
and paper chromatography. 

Methyl 0-Benzoyl4 [ N-( 2-hydroxyethyl)-N-methyl- 
amino]salicylate (XXVI).-To a cooled mixture of 84.0 g. 
(0.295 mole) of the methylamine (XX) and 300 ml. of glacial 
acetic acid was added 58 ml. of cooled ethylene oxide. The 
flask was stoppered and the mixture was stirred a t  room 
temperature for 48 hr. The solution was evaporated in 
vacuo (60°/15 mm.) and three 125-ml. portions of toluene 
were successively added and evaporated (60"/0.15 mm.) 
to leave 84.9 g. (88%) of XXVI, a light yellow oil that waa 
suitable for subsequent experiments without purification. 
.4 2.5-g. portion of XXVI from a similar run was taken up 
in methylene chloride, washed with water, and dried. The 
methylene chloride solution was placed on a 2.5 X 13 em. 
column of alumina (Merck 71707; pH 10) and eluted suc- 
cessively with methylene chloride, ether, ethyl acetate, and 
ethyl alcohol. From the methylene chloride fractions was 
recovered 0.18 g. of XX. The material from the central 
fractions of the product, the ethyl acetate fractions, 
amounted to 0.81 g. (23%) of XXVI as an analytically pure, 
hard, white gum; hi::& 2.90 broad (OH), 5.72, 5.82 
(C=O of esters) 9.20, 9.40, 9.50 (C-OH). It moved with 
R f  0.45 in solvent F. 

Anal. Calcd. for C18H1gxo6: C, 65.7; H, 5.82; K, 
4.26. Found: C,65.7; H, 5.81; N,4.19. 

Methyl 4-[ N-( 2-Chloroethyl)-N-methylamino] salicylate 
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(XXIX).-A solution of 2.54 g. (7.72 mmoles) of crude XXVI 
and 15 ml. of phosphorus oxychloride was heated a t  reflux 
for 30 min., cooled slightly, poured onto crushed ice, and 
stirred for 30 min., by which time the ice had melted. The 
aqueous mixture was extracted with 100 ml. of methylene 
chloride. The organic extract was washed with 100-ml. 
portions of saturated sodium bicarbonate solution and water, 
dried, and evaporated in vacuo t o  leave 2.10 g. (787,) of an 
amber oil (XXVII), which moved in solvent B with Rj 0.93; 
in solvent F (Ederol acetylated paper), it  showed a main 
spot (R10.35) and a trace spot ( R j  0.10). 

A solution of 1.96 g. of the above crude mustard (XXVII) 
in 60 ml. of methanol saturated (at 5') with hydrogen chlo- 
ride was heated at  reflux for 23 hr. and then evaporated in 
vacuo. The residue was triturated with boiling ether (to 
remove methyl benzoate), and the ether was saturated with 
hydrogen chloride, then separated from the semisolids by 
filtration. The semisolid residue was dissolved in 50 ml. of 
mcthylene chloride; this solution was washed with Paturated 
sodium bicarbonate solution, then water, and dried. Re- 
moval of the methylene chloride left 0.95 g. (7070) of 
I)roadly melting XXIX that was suitable for the nest step. 

Recrystallization from ether-petroleum ether, b .p. GO- 
110", gave light pink needles of XXIX m.p. 82-83"; A::$,, 
8.20, 7.80 (=C-OH), 6.00, 8.40, 8.60 (ester), 13.50 
(C-Cl). I t  was not separable from XXT'II in solvent 
systems tried. It gave a strong ferric chioride test. 

-4nal. Calcd. for Cl1Hl4ClXO3: C, 54.2; I€, 5.79; C1, 
14.6; N,  5.75. F o u I ~ ~ :  C, 5-1.2; H, 5.74; C1, 14.5; N, 
5.84. 

4-[ N-( 2-Chloroethyl)-N-methylamino] salicylic Acid 
(XXXIA). A. From XXV1.-A solution of 1.16 g .  (3.53 
mmoles) of the blocked hydroxyethyl compound (XXT'I) in 
25 ml. of methylene chloride was cooled in a Dry Ice-acetone 
bath while 6.0 ml. of thionyl chloride was added. The reac- 
tion mixture waq heated at  reflux for 1 hr. and evaporated 
in uacuo. To the residue of crude XXCII was added 15 ml. 
of concentrated hydrochloric acid and the mixture was 
heated a t  85' for 45 min. The reaction mixture was cooled 
in an ice bath and extracted with ether (3  X 20 ml.) to re- 
move benzoic acid. The acid solution was diluted tenfold 
with water and extracted with ether (3 X 50 ml.). The ether 
extract was dried and evaporated in uacuo to afford 0.27 g. 
(30%) of crude, white solid. One recrystallization from 
ether-Skellysolve B38 afforded 0.10 g. (1276) of XXXIA, 
m.p. 128-131 '. Further recrystallizat,ion from ether gave 
the analytical sample, m.p. 136-137"; A::$) 3.20-4.20 
(acidic OH), 6.12 (C=O of COOH); free of absorpt,ion at  
3.0 and 9.3-9.8~ (C-OH). It moved with R, 0.48 in 
solvent F (Ederol acetylated paper). 

Anal. Ca,lcd. for CloH1&lN03: C, 52.4; €1, 5.26; CJ, 
15.5; N, 6.10. Found: C, 52.9; €1, 5.35; C1, 15.3; K, 
6.11. 

B. From XX1X.--A solution of 20.0 g. (83 mniolcs) of 
XXIX, 19.0 g. (91 mmoles) of phosphorus pentachloride, 
and 50 ml. of methylene chloride was heated on a steam bath 
until all the solvent had evaporated and then heated for 60 
min. more. The amber oil was dissolved in 40 ml. of ace- 
tone, diluted with 40 ml. of benzene, and treated with 30 ml. 
of acetone containing 6.0 g. (0.33 mole) of water. After 
stirring at room temperature for 1 hr., the solution was 
evaporated in vacuo to leave 36.0 g. of pink foam whose in- 
fr:tred spectrum fitted that for XXX; A::.",,,, 3.5-4.5, 8.0- 
8.9, 9.8- 10.5 [-P(0)(OH)z]. This fonni was slurried with 
200 ml. of wster and 46.0 g .  (0.172 mole) of dibasic sodium 
nhosphate (NazHP04.7Hz0) was added slowly, with warm- 
in,v until all of the base went in to  solution, t o  give a pink 
mixture of pH 5. The mixture was shaken with 400 ml. of 
methylene chloride and both layers were filtered to remove 
8.0 g. (43%) of product, m.p. 149-150". The liquid phases 
were acidified (pH 2) with concentrated hydrochloric acid 
and the organic layer was separated and extracted with 200 
ml. of saturated sodium bicarbonate solution. The bicar- 
bonate solution waa washed with 50 ml. of methylene chlo- 

ride, cooled in an ice bath, and acidified to pH 2, then ex- 
tracted with 200 ml. of methylene chloride. This methylene 
chloride solution was dried and evaporated in vacuo to give 
an additional 2.5 g. (13.3%) of light pink, crystalline 
XXXIA, m.p. 148.5-149.5", whose infrared spectrum and 
paper chromatographic behavior were identical to those 
of the sample of XXXIA above. 

The combined products were dissolved in 150 ml. of hot 
absolute ethanol, treated with charcoal (Norit brand), 
filtered through a pad of diatomaceous earth (Celite brand), 
diluted with 1 1. of water, and cooled overnight. The pre- 
cipitate was collected, washed, and dried to afford 8.1 g. 
(4370) of XXXIA, m.p. 156.5-157.0", a light pink solid; 
its infrared spectrum and paper chromatographic behavior 
were identical to those of the previous sample of XXXIA. 
Anal. Calcd. for CloH12C1N03: C, 52.4; H, 5.26; C1, 

15.5; N, 6.10. Found: C, 52.4; H, 5.13; C1, 15.6; N, 
6.10. 

0-Acetyl-4- [ N-( 2-chloroethyl)-N-methylamino] salicylic 
Acid rXXXIB).--A solution of 0.50 g. (2.2 mmoles) of 
XXXIA in 25 ml. of acetic anhydride was heated at  ca. 85' for 
50 min., evaporated in vacuo, and the residue was taken up in 
20 ml. of acetone. Water was added to incipient turbidity, 
and the solution was heated at  50' for 30 min., then allowed 
to stand at  room temperature for 5 days in order to hydrolyze 
completely all anhydride material. The acet,one was re- 
moved in vacuo, the aqueous residue was extracted with 
methylene chloride, and the organic layer was dried and 
evaporated to leave 0.55 g. of oil. This was redissolved in 10 
nil. of methylene chloride, diluted with Skellysolve B, and 
allowed to stand overnight to yield 0.31 g. (53%) of XXXIB 
as white needles, m.p. 11&119", homogeneous on paper. 
ltecrystallieation from ether-petroleum ether gave the an- 
alytically pure XXXIB, m.p. 119.5-120.5"; A::$;) 3.70- 
4.20, 6.00 (acid), 5.69 (C=O of ester). It had R,  0.83 in 
solvent B. 
Anal. Calcd. for C,2R14ClN0,: C, 53.1; 11, 5.20; CI, 

13.1; X, 5.16. Found: C, 53.4; 11, 5.41; C1, 12.8; N, 
5.12. 

Methyl 0-Benzoyl-4-aminosalicylate (XXVIII). A. Hy- 
drogen Bromide in Acetic Acid.-'% mixture of 8.5 g. (21 
mmoles) of the N-carbobenzoxy ester (XXI)  in 150 1111. of 
g1:tcial acetic acid saturated with hydrogen bromide was 
treated by the procedure used for XX to  give 5.03 g. (89%) 
of XXVIII, m.p. 168-160" (from et,her-Skellysolvc B3*); 
the infrared spcctruni and paper chromatographic behavior 
were like thosc of thc analytical sample below. 

Hydrogeno1ysis.-Hydrogen was passed through a 
stirred mixture of 0.50 g. (1.23 mmoles) of XXI, 0.10 g. of 
57 palladium on charcoal, 0.5 ml. of acetic acid, 1.5 1111. of 
wittcr, and 10 ml. of 2-methoxyethanol at 70-75" for 1 Iir. 
(carbon dioxide evolution in the exit gases ceased after ca. 0.5 
hr.). The catalyst was removed by filtration and the sol- 
vents by evaporation in vaciio to afford 0.34 g. ( 1 0 0 ~ ~ )  of 
rrystalline XXVIII, m.p. 1 67-169', nnt, increased by re- 
crystallization from ethanol-water; X ~ ~ $ ,  2.89, 2.98, 3.12 
(NH,), 5.74, 5.89 (C=O of esters). It moved with Rj 0.28 
in solvent F. 
Anal. Calcd. for CI6Hl3NO4: C, 66.5; €1, 4.84; N,  

5.17. Found: C, 66.1; H, 4.83; N, 5.18. 
Methyl 4-[Bis(2-hydroxyethyl)amino] salicylate (XXXIII). 

-The reaction of 16.7 g. (0.10 mole) of methyl 4-amino- 
salicylat'e (XVIII)14 and 10 ml. of ethylene oxide in glacial 
acetic acid by the procedure used for XXVI gave, after 
crystallization from toluene, 13.2 g. (60%) of XXXIII, 
m.p. 97-68'. Recrystallization from benzene gave 0.9S g. 
(43%) of the analytical sample, m.p. 103.0-103.5"; X>2N) 
3.0-3.1 (OH), 3.6-4.0 (acidic OH), 5.99 (C=O of ester), 
9.30, 9.45, 9.65 (OH). It moved with Rj 0.69 in solvent F 
(Ederol acetylat,ed paper). 
Anal. Calcd. for Cl2HI1XO6: C, 56.5; H, 6.72; K, 

5.49. Found: C,56.5; H,6.78; N,5.50. 
Methyl 0-Benzoyl4 [bis(2-hydroxyethyl)amino] salicylate 

(XXXV). A. From XXXII1.-A solution of 12.3 g. (48 

B. 
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mmoles) of the methyl ester (XXXIII) in 145 ml. of 1,2- 
dimethoxyethane was treated with 2.64 g. (49 mmoles) of 
sodium methoxide. The mixture was stirred at  50" for 1 hr., 
removed from the water bath, and treated over a period of 
30 min. with a 15-ml. solution of 1,2-dimethoxyethane con- 
taining 6.75 g. (48 mmoles) of benzoyl chloride. Stirring 
was continued for 1 hr. more, then the reaction mixture was 
evaporated to dryness a t  60'/15 mm. The residue was dis- 
solved in 200 ml. of methylene chloride and washed suc- 
cessively with three 50-ml. portions of 1 N sodium hydroxide 
solution and 100 ml. of water. The organic solution waa 
dried and evaporated to give an oil that crystallized from 
125 ml. of toluene to give 7.26 g. (427,) of XXXV as 
needles, m.p. 120-121°, homogeneous by paper chroma- 
tography and negative to the ferric chloride test. 

Recrystallization from ether gave the analytical sample of 
XXV, m.p. 122-123"; A",!:, 3.15 (OH), 5.74, 5.85 (C=O 
of esters), 9.25, 9.35, 9.45 (OH). I t  moved in solvents B 
and I with Rf values of 0.80 and 0.48, respectively. 

Anal. Calcd. for CIgH21N06: C, 63.5; H,  5.89; K, 
3.90. Found: C, 63.3; H,  6.15; ?;, 3.67. 

B. From XXVII1.--8 cold mixture of 69.0 g. (0.254 
mole) of the 0-benzoylamine (XXVIII), 350 ml. of glacial 
acetic acid, and 72 ml. of ethylene oxide ~l -m allowed to react 
by the procedure used for XXVI t o  afford 73.2 g. (8070) of a 
white solid, m.p. 121-122'. Examination of the infrared 
spectrum before and after reaction with acetic anhydride in- 
dicated that there was essentially no monohydroxyethyl 
compound (XXXIV) present (lack of amide C=O). This 
product is suitable for subsequent reactions. 

Methyl 4-( 2-Hydroxyethy1amino)salicylate (XXXII) .--A 
solution of 13.2 g. (0.30 mole) of ethylene oxide and 45.3 g. 
(0.271 mole) of XVIII in 25 ml. of acetic acid was allowed to 
react a t  20" for 3 hr., then worked up as for XXXIII to give 
46.4 g. (81%) of crude XXXII, m.p. 70-74". This crude 
product contained small amounts of the bishydroxyethyl 
compound (XXXIII), but wm suitable for subsequent reac- 
tions. 

Recrystallization from 500 ml. of toluene gave two crops. 
The first crop of 19.8 g. (35%) had m.p. 75-76" and con- 
sisted of mainly XXXII with some XXXIII. The second 
crop of 23.2 g. (41y0), m.p. 86-88' (softens, 80-84'), was 
essentially all XXXII, as indicated by infrared spectra and 
nitrogen analysis (found: 6.39%; theory, 6.64y0; theory 
for bis, 5.49%). 

The second crop was recrystallized once more from toluene 
to obtain 11.6 g. (20%) of XXXII, m.p. 85-87'; A::$, 
2.95, 2.99 (OH, KH), 6.03 (ester C=O), 9.42, 9.64 
(C - OH). It gave a main spot, Rf 0.55. with a, trace 
spot, Izf 0.65, in solvent F (Ederol acetylated paper). 

Calcd. for CloH13NOa: C, 56.9; H, 6.20; N, 6.64. 
Found: C, 57.2; H, 6.44; ?i, 6.35. 

Methyl 0-Benzoyl-4-( 2-hydroxyethy1amino)salicylate 
(XXXIV). A.  From XXVII1.--A mixture of 10.0 g. (37 
mmoles) of XXVIII, 200 ml. of acetic acid, 100 ml. of 
water, and 30 ml. (0.60 mole) of ethylene oxide was allowed 
to react and was worked up as before (see preparation of 
XXXIII) to afford an oil which, on crystallization from 
(Xther, gave 1.6 g .  ( 4 0 5 )  of XXXIV as white needles, m.p. 

Recrystallization from ether afforded the aiialytical sani- 
ple of XXXIV, m.p. 130.5-131.5"; A::$,) 2.87, 2.94 (OH, 
XH), 5.81, 5.90 (C=O of esters), 9.60 (C - OH). It 
Iiioved in solvent F with Rf0.40. 

Anal. Calcd. for C17H17No5: C, 64.7; H, 5.44; ?i, 4.44. 
Found: C,64.3; H,  5.54; K, 4.15. 

B. From XXXI1.-Reaction of 2.50 g. (13.7 mmoles) of 
XXXII, m.p. 86-88', with equimolar quantities of sodium 
methoxide and benzoyl chloride in 1,2-dimethoxyethsne by 
the procedure used above for XXXV, gave, after crystalli- 
zation from ether, 1.62 g. (52%) of XXXIV in two crops: 
1.12g.(36%), m.p. 127-129', and0.56g.(16%), m.p. 125- 
127'. Both of these crops were identical by infrared spectra 

.lnaZ. 

127-129'. 

comparison and were not contaminated by any of the bis- 
hydroxyethyl compound (XXXV) . 

Methyl 0-Benzoyl-4- [bis( 2-chloroethyl)amino] salicylate 
(XXXVII).-Reaction of a solution of 0.72 g. (2.0 mmoles) 
of XXXV in 5 ml. of phosphorus oxychloride by the proce- 
dure used for XXIX gave, after crystallization from ether, 
0.59 g. (74%) of XXXVII m light tan crystals, m.p. 104.5- 
105.5'; A:$,) 5.77, 5.89 (C=O of ester); no C - O H  
absorption in 9.2-9.5-p region. It moved with R f  0.95 in 
solvent B. 

Anal. Calcd. for ClgH1BC12K04: C, 57.6; H, 4.83; C1, 
17.9; S, 3.53. Found: C, 57.9; H,  4.90; C1, 17.6; K, 
3.64. 

Reaction with thionyl chloride in refluxing chloroform for 
4 hr. gave mainly starting material and intractable gum. 
However, reaction for 16 hr. gave some of the above mustard 
(XXXVII) . 

Methyl O-Benzoyl4(5,6,7,8-tetrahydro-4-H-l,3,2,6-di- 
oxathiazocin-6-yl)-salicylate S-Oxide (XLV) .--B solution of 
3.0 g. (8.3 mmoles) of XXXV in 60 ml. of methylene chlo- 
ride was chilled in a Dry Ice-acetone bath and treated with 
20 ml. of thionyl chloride. After warming to room tempera- 
ture, the reaction solution was heated at  reflux for 4 hr. and 
evaporated in vacuo to leave a green residue that was taken 
up in 50 ml. of methylene chloride, washed with 50 ml. of 
half-saturated sodium acetate solution, then water, dried, 
and evaporated to  dryness. The residue was dissolved in a 
minimum amount of methylene chloride and 5.0 g. of diato- 
maceous earth (Celite) was added. This mixture was trit- 
urated with 150 ml. of ether, the ether was evaporated to 75 
ml., then allowed to stand at  room temperature. The white 
crystals that precipitated were collected and dried to afford 
0.75 g. (22%) of XLV, m.p. 155-156'; 5.85, 5.87 
(C=O of esters), 7.6-8.0 (sulfite); free of OH and K H  ab- 
sorption in 2.5-3.3-p region. In solvent I ,  it had Rf 0.20, 
main spot, and a minor spot a t  origin. 

Anal. Calcd. for Cl9Hl8N07S: C, 56.4; H,  4.73; K, 
3.46; S, 7.91. Found: C, 56.5; H,  4.80; K, 3.73; S, 7.47. 

Methyl 4-[Bis( 2-chloroethyl)amino] salicylate (XL).- 
Treatment of 6.10 g. (15.4 mmoles) of XXXVII with meth- 
anolic hydrogen chloride by the procedure used above for 
XXIX gave, after crystallization from petroleum ether, b.p. 
60-110', 3.62 g. (SOY0) of XL as white needles, m.p. 60.5- 
61.0'; A:S:, 5.99, 8.38, 8.58 (ester); 13.5-13.9 (C-C1). 
It moved in solvent system B with Rf 0.91. 

Anal. Calcd. for C1zH15C1ZSOB: C, 49.3; H, 5.17; C1, 
24.3; K, 4.79. Found: C, 49.2; H,  5.13; C1, 24.2; 5 ,  
4.89. 

4-[Bis(2-chloroethyl)amino]salicylic Acid (XLIVA). A .  
From XL.-By the procedure used for XXXIA (part B), 
there was obtained from a mixture of 0.63 g. (2.2 mmoles) 
of XL and 0.47 g. (2.2 mmoles) of phosphorus pentachloride, 
0.15 g. of white crystals (48Yc from XL) of XLIV-4, m.p. 
149-150'; 3.6-4.1 (acidic OH), 6.05 (C=O of Co- 
OH). The compound moved in solvents F (Rf 0.46) and B 
( R f  0.68). 

And. Calcd. for CIlHuCl2NO3: C, 47.5; H,  4.71; cl, 
25.5; Irj, 5.04. Found: C, 47.6; H, 4.66; C1, 25.4; 3,  
5.03. 

B. From XXXII1.-A solution of 2.55 g. (10 mmoles) of 
XXXIII in 20 ml. of phosphoryl chloride was heated at w- 
flux for 6 hr. The dark solution was cooled, poured over ex- 
ress crushed ice, and stirred vigorously for 15 min. The. 
acidic mixture was extracted with a total of 100 ml. of 
methylene chloride. The methylene chloride was extracted 
with a total of 200 nil. of water. The water extracts, after 4 
days a t  room temperature, deposited a precipitate. This wm 
dissolved in 50 ml. of methylene chloride and extracted with 
50 ml. of saturated aqueous bicarbonate. The aqueous layer 
was acidified to pH 1 and extracted with 50 ml. of ether. 
Evaporation of the dried ether solution afforded 0.72 g. of a 
yellow solid. This crude product was again dissolved in 
ether, treated with charcoal, and the ether was evaporated t o  
leave 0.29 g. (11%) of white, crystalline product, m.p. 148- 
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152O, whose infrared spectrum and paper chromatographic 
behavior indicated it to be XLIVA. 

O-Acetyl4-[bis(2-chloroethyl)amino] salicylic Acid 
(XLIVB).-A solution of 0.50 g. (1.8 mmoles) of XLIVA in 
25 ml. of acetic anhydride was heated and worked up by the 
procedure used for the preparation of XXXIB to  give, after 
recrystallization from ether-petroleum ether, 0.30 g. (53%) 
of XLIVB as white crystals, m.p. 141-142'; Az$) 3.70- 
4.20, 5.99 (COOH), 5.67 (C=O of ester). I t  moved with 
R10.84 in solvent B. 

Anal. Calcd. for C13H&12N04: C, 48.8; H, 1.i3; C1, 
22.2; Tu', 4.38. Found: C, 48.8; H, 4.61; CI, 22.3; S .  
4.36. 

Methyl 4-[(2-Chloroethyl)amino] salicylate (XLII).-A 
solution of 4.34 g. (13.8 mmoles) of XXXIY in 20 mi. of 
phosphorus oxychloride was refluxed for 15 min., then 
worked up as for XXXVII to afford a quantitative yield of 
XXXVI as a light yellow oil that could not be induced to 
crystallize. It was homogeneous on paper chromatography 
in solvent A ( R J  0.41; starting material RJ 0.68) and 
showed no infrared -OH absorption. 

Treatment of 3.54 g. (10.6 mmoleu) of crude XXXVI with 
rnethanolic hydrogen chloride for 5.5 hr. by the procedure 
used for XXIX gave 1.41 g. (61Lic) of broadly melting XLII. 
This was suitable for use in the next experiment. 

Recrystallization from ether-petroleum ether with the aid 
of charcoal (Norit brand) gave XLII as white needles, m.p. 

6.08, 8.40, 8.60 (ester). It gave two spots in solvent H, with 
RJ 0.14 and RJ 0.43; the latter being the more intense. The 
RJ 0.43 spot may be due to hydrolysis to  the acid, XLVI. 

Anal. Calcd. for C1OH1&l?i03. C, 52.4; H, 5.26; C1, 
15.5; S,  6.10. Found: C, 52.3; H, 5.20; C1, 15.7; P;, 
6.21. 

4-[( 2-Chloroethyl)amino] salicylic Acid (XLVI).--A solu- 
tion of 0.49 g. (2.13 mmoles) of XLII in 5 ml. of concentrated 
hydrochloric acid was heated a t  75" for 55 min., diluted with 
100 ml. of cold water, chilled, and extracted with two 25-ml. 
portions of methylene chloride. This organic solution m s  
extracted with two 25-ml. portions of saturated aqueous 
sodium bicarbonate, the bicarbonate extracts were washed 
with 25 ml. of methylene chloride and acidified to pH 2 with 
hydrochloric acid. The white precipitate was collected on 
a filter, washed with 25 ml. of water, and dried to give 0.11 
K. (2473  of XLVI as white plates, m.p. 142.5-143.0'. 
Recrystallization from ether with essentially no losses gave 
XLVI, m.p. 143.0-143.5'; A::$ 2.95 ( S H ) ;  3.5-4.2 
(acidic OH); 6.10 (C=O of acid). It moved in solvents F 
(Ederol acetvlated paper), B, and H with Rfvalues of 0.50, 
0.59 and 0.45, respectively. 

. l m l .  Calcd. for C9H1,C1S03: C, 50.1; 11, 4.67; C1, 
16.5; N, 6.31. Found: C, 50.2; H, 4.88; C1, 16.4; S, 
6.57. 

4-Bis( 2-hydroxyethy1)salicylic Acid (XXXIX). A. Acid 
Hydrolysis.-The methyl ester (XXXIII)  (0.10 g., 0.39 
inmole) in 5 ml. of concentrated hydrochloric wid was 
hydrolyzed (4 hr.) and worked up as in the prepmition of 
XLVI to afford 0.05 g. (547;) of XXXIX, m.p. 146-147'; 
A,,,,,j 3.00 (OH), 3.6-1.2 (acidic OH); 6.10 (C=O of 
COOHj. It moved in solvent I with Rf 0.30. 

. I d .  Calcd. for CllHlsNOj: C, 54.8; H, 6.27; S,  5.81. 
1'11und: C, 54.8; H, 6.23; X, 5.75. 

B. Saponification.--A solution of 4.00 g. (15.7 ninioles) 
S S X I I I  in 32 nil. of 1 S sodium hydroxidp solution (a2 
inmoles) was heated on a steam bath for 60 min. The solu- 
tion was cooled in ice and acidified with 32 ml. of 1 S hydro- 
chloric acid to precipitate the product. This was collected 
on a filter, washed, and dried to yield 3.15 g. (83Yc) of 
S X X I X ,  m.p. 140-141". This was identical t o  product 
above by infrared spectra and paper chromatographic bc- 
havior . 

3-( 4-Carbomethoxy-3-hydroxyphenyl)-2-chloro- 1 3 ,  2-oxa- 
zaphospholidine 2-Oxide (XLIXA).--A mixture of 0.80 p. 
(3.78 mmolcs) of mcthyl 4-( 2-hydrox~-ethylamino)s:tlicylata 

87-88"; 2.95 (KH), 3.2-4.0, 7.85 (=C-OH), 

X",Ol 

(XXXII)  and 5.0 ml. of phosphorus oxychloride was heated, 
with stirring, a t  80-85' for 1.5 hr. The light amber solution 
was poured over 50 ml. of crushed ice and water and stirred 
for 15 min. until a white semisolid formed. This was ex- 
tracted with 50 ml. of methylene chloride, the extract was 
washed with 50 ml. of saturated aqueous sodium bicarbonate, 
then water, dried, and evaporated at  60°/15 mm. to afford 
0.95 g. of light yellow oil. Recrystallization from anhydrous 
ether gave 0.45 g. (41%) of XLIXA as white crystals, m.p. 
151.0-152.5'; 3.20 (phenolic OH), 5.96 (ester C=O), 
7.75-7.85 (ester C-0-C, P -c 0) ;  no absorption a t  3.0 p .  
It had Rf 0.20 (streaky) and Rf 0.84 in solvents F and B, 
respectively. It gave a strong ferric chloride test. 

Anal. Calcd. for CloHllCIPOj: C, 41.3; H, 3.80; CI, 
12.2; S ,  1.81. P, 10.6. Found: C, 41.5; H, 3.88; C1, 
12.3; S, 4.68; P, 10.5. 

Reaction of XXXII with phosphorus oxychloride in hot 
benzene gave the same product with the same analysis. 

2-( 1-Aziridinyl)-3-(4-carbomethoxy-3-hydroxyphenyl)-l, 
3,2-oxazaphospholidine 2-Oxide (XLIXB) .-A solution of 
0.45 g. (1.55 mmoles) of X1,IXB in 40 ml. of chloroform was 
stirred and treated with 4 ml. of ethylenimine. The resultant 
solution was heated at  reflux for GO min. and evaporated i n  
L ~ U O  at  40°, and the residue was dissolved in 50 ml. of 
met,hylene chloride. The organic layer was washed with 
t,hree 50-ml. portions of water, dried, filtered t'hrough diat'o- 
inaceous earth (Celite), and allowed to stand overnight to 
afford 0.32 g. (69:G) of XLIXB as white crystals, m.p. 137- 
138", homogeneous on paper. A portion of product from a 
previous run was recrystallized from ether to yield the ana- 
lytical sample of XLIXB, m.p. 137-138"; A:;;) 6.00 
(C=O), 7.80, 7.89 (P=O and Ar-OH), 10.68 (CH2 of 
ethylenimine). I t  had R,O.i4 in solvent B. 

Anal. Calcd. for Cl2HI6N2ObP: C, 48.3; H, 5.07; N, 
0.39; P,  10.4. Found: C, 48.3; H, 5.10: IT, 9.20; P,  
10.4. 

Ethyl ?n-Nitrooxanilate (L).-A solution of 1.37 g. (0.01 
mole) of ethyl oxalyl chloride in 20 ml. of methylene chloride 
was added rapidly to a refluxing solution of 2.76 g. (0.02 
mole) of rn-nitroaniline in 50 ml. of methylene chloride. 
After heating for 5 min. more at  reflux, the reaction mixture 
was cooled and filt'ered t'o remove the precipitated m-nitro- 
aniline hydrochloride in quantitative yield. The filtrate 
was diluted four fold with petroleum ether, chilled, and the 
white crystals which formed were collectfed, washed with 
some mnre of t8he cold solvmt mixture, and dried in vacuo to 
give 2.20 g.,  (92%) of ethyl ?ti-nitrooxanilate, m.p. 147.0- 
149.5'; 3.03 (amide KH), 5.82 (ester and amidc 
C=O), 6.50 (amide 11, Y O 2 ) ,  7.37 (NO2); it had Rr0.85 in 
solvent B. 

Anal. Calcd. for CIUH10S505: C,  50.5; H, 4.23; S, 
11.23. Foulid: C, 50.7: H, 4.49; K, 11.65. 

Ethyl m-Aminooxanilate (LI).-Ai mixture of 1.19 g. (5 
mmoles) of ethyl n~-nit.rooxanilate (L)  55 mg. of 5(2, palla- 
dium on charcoal, and 25 Inl. of ethanol was hydrogenated a t  
m i n i  trmperttturc itnd 50 p.s.i.g. I\ rapid hydrogen uptakc 
of 11' mmolos (120%) took place during 1 0  min.; no further 
uptake KIS noted during the next hr. The catalyst was r+ 
moved by filtration and the solvent was stripped in vacuo 
(bath, 50'). Thc residue was cryst,allized from methylenc 
chloride-petroleum ether, to give 0.75 g. (769;) of whito 
crystals, m . p .  112-118°; A:$,, 2.91, 3 .02 ,  :3.12 (XH), 5.i6, 
5.88 (amide and ester C=O); 6.40 (amidc 11), 8.12 (&er 
C--0-C). It had RJ 0.72, 0.82 and 0.62 in svlvciits B, C 
and F, respectively. 

Anal. Calcd. for CIOH12Sz03: C, 57.7; If, 5.8i; ?;, 
13.5. Found: C , 5 i . i ;  H,5.95; S,  13.2. 

Ethyl VI- [Bis( 2-hydroxyethy1)aminol oxanilate (LIV) .-.\ 
mixture of 11.5 g. (0.055 mole) of LI, 40 ml. of acetic acid, 
120 ml. of water, and 20 ml. of ethylene oxide was allowed to 
react as in the preparation of XXVI to yield 13.8 g. (84%) 
of y~llow, crystalline product, m.p. 99.0-99.5" (from methyl- 
O I ~ P  chloridp-pet,rolPiim rther). 

The analytical soinplc was obtktincd by unc rccryst allim- 
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tion from the same solvents with no increase in melting 
point. I t  had A%;) 2.99 (OH, NH), 5.79, 5.89 (ester, 
amide C=O), 6.40 (amide 11), 9.30 (C - OH). It had Rf 
0.78 and 0.75 in solvents B and F, respectively. 

Anal. Calcd. for CllH20N206: C, 56.8; H, 6.79; Tu', 
9.45. Found: C, 56.7; H, 6.87; N,  9.57. 

Ethyl rn-[Bis(2-~hloroethyl)amino]oxanilate (LV).-Reac- 
tion of 5 ml. of cold phosphorus oxychloride and 2.0 g. (6.7 
mmoles) of LIV for 10 min. by the procedure for XXIX 
afforded 1.50 g. (67%) of product as white needles, m.p. 70- 
71"; A:::;) 3.01 (NH) ,  5.84 (ester, amide C=O), 6.49 
(amide II), 8.42 (ester C--0-C); free of absorption a t  
9.30 p (OH). It, moved in solvents B with RI 0.89 and F 
with R ,  0.94. 

A m l .  Calcd. for C14HlsC12N203: C, 50.5; H,  5.44; Cl, 
21.3; K,  8.42. Found: C, 50.3; H,  5.69; Cl, 21.3; N, 
8.58. 

m-[Bis( 2-chloroethyl)aminooxanilic Acid (LIII).--A mix- 
ture of 0.40 g. (1.2 mmoles) of LV and 10 ml. of 12 AT 
hydrochloric acid was stirred at  room temperature for 3 hr., 
the now homogeneous solution was diluted threefold with 
water and extracted with two 50-ml. portions of methylene 
chloride. The undriedco estracts were evaporated at  40'1 
0.5 mm. to a gum which, on trituration with 10 ml. of ethyl- 
cne dichloride, afforded 0.19 g. (55%) of bright yellow prod- 
uct, m.p. 160-161', that wag homogeneous in paper 
chromatography. Recrystallization from methylene chlo- 
ridepetroleum ether, yielded 0.18 g. (50%) of analytically 
pure product, m.p. 161-162'; A::::) 3.05, 3.15 (NH) ,  5.70 
(C=O of acid), 5.92 (C=O of amide), 6.40 (amide 11). 
It moved in solvents B and F, with Rt values of 0.33 and 
0.53, respectively. 

Anal. Cakd. for Cr2H1,C1~T\'2Os: C, 47.3; H, 4.62; 
(:I, 23.2, N, 9.19. Found: C, 47,3; H, 4.51; C1, 23.3; N,  
9.18. 

m-Amin06xanilic Acid (LII)--A mixture of 8.0 g .  (30 
mmoles) of the ester LI  and 70 ml. of concentrated hydro- 
chloric acid wm heated at  ca. 85'. Thc starting material 
dissolved initially and then the product precipitated. After 
15 min. of heating, the precipitated hydrochloride salt was 
collected on a filter, washed, and, dried to give 7.8 g. (94y0) 
of product, map. over 200"; A::$) 3.05 (NH), 3.85 (NH@), 
5.78 (C=O of acid), 5.90, 6.42 (amide). 

Recrystallization of 4.5 g. from N,N-dimethylformamide 
gave 3.1 g .  (7870 from the ester) of product as thezwitterion, 
which decompoyed gradually above 200" without melting; 

3.00 ("1, 3.564.20 ("@I, 5.90, 6.50 (amide), 
6.32, 7.30 (COOe); no absorption at 5.78 p.  It moved with 
R, values of 0.07 and 0.60 in solvents G and F (Whatman 
So. 1 paper), respectively. 

Anal. Calcd. for CsHs?rT203: C, 53.2; R, 4.47; N, 15.6. 
Il'ound: C, 53.2: H, 4.28; PI:, 15.7. 

rn-( Ch1oroacetamido)oxanilic Acid (LVI) .-Thc procedure 
used for preparing iodoacetamidosalicylic acids was followed 
for the reaction between chloroacetyl chloride and LII to 
give a 64Y0 yield of LVI, m.p. 198-199'. Three recrystal- 
lizations from ethanol-petroleum ether gave t,he analytical 
sample, m.p. 199.0-199.5"; A:$& 3.10, 3.12, (NH), 3.60- 
4.30 (weak acidic OH), 5.78, 5.95 (C=O), 6.45 (amide 11). 
I t  moved with Rj 0.30 in solvent J. 

Anal. Calcd. for CIOHBC1?YTZOd: C, 46.8; H, 3.53; CI, 
13.8; N, 10.9, Found: C, 46.9; H, 3.68; CI, 13.6; K, 
10.9. 

In-(1odoacetarnido)oxanilic Acid (LVII) .-The reactinn of 
iodoacetyl chloride and m-aminooxanilic acid (LII) us- 
ing the procedure for the preparation of VI gave L\7T, m.p. 
197-198" dec., in 23% yield. Recrystallization from 
c.t.hano1-petroleum ether did not change the melting point; 
A:;$) 3.10 (NH), 5.75, 5.87, 6.09 (C=O), 6.40 (amide 11). 
I t  moved with R/ 0.73 and 0.36 in solvents D and G, re- 
spectively. 

Anal. Calcd. for C10HJNz04: C, 34.5; H, 2.60; I, 
3F.4; N, 8.05. Found: C, 34.4; €I, 2.83; I, 37.1, N, 8.16. 

Ethyl m-Acetyloxanilate (LVIII).-The reaction of 5.40 

%"io1 

g. (0.040 mole) of m-aminoacetophenone and 2.74 g. (0.020 
mole) of ethyl oxalyl chloride by the procedure used for 1, 
above afforded 4.3 g. of white product, m.p. 105-107'. 
Recrystallization from Skellysolve B3s gave 4.0 g. (85% 
yield) of analytically pure product, m.p. 106-107'; A:::;:, 

in solvent B. 
Anal. Calcd. for C12HlaNOd: C, 61.3; H,  5.58; h', 5.96. 

Found: C, 61.4, H,5.53; N, 6.10. 
m-Acetyloxanilic Acid (LIX).-To 90 ml. of 2.5% sodium 

hydroxide, vigorously stirred, and maintained at  SO", was 
added 2.35 g. (10 mmoles) of LVIII, which rapidly dissolved. 
As soon as complete solution was obtained, the solution was 
chilled in ice and acidified with 25% hydrochloric acid to give 
1.8 g. (87% yield) of LIX, m.p. 187-188', which was homo- 
geneous by chromatography. Recrystallization from ab- 
solute ethanol gave the analytical sample, m.p. 187-188"; 

3.08 (NH), 5.67, 5.90, 5.95 (C=O); 6.40 (amide 11); 
lacking in the customary carboxylic acid absorptions a t  3.5- 
4.0 p,  but readily soluble in sodium bicarbonate; the prod- 
uct had RfO.19 in solvent system B. 

Anal. Calcd. for CloHSh'04: C, 57.0; €1, 4.37; N, 6.75. 
Found: C, 57.9; H,4.50; N, 6.57. 

m-[Bromoacetyl]oxanilic Acid (LX).-A suspension of 4.10 
g. (0.020 mole) of LIX in 200 ml. of ether ww heated at re- 
flux, stirred, and illuminated" while a solution of 3.2 g.  
(0.020 mole) of bromine in 20 ml. of ether was added dropwisc 
over a period of 15 min. The reaction mixture was heated 
and stirred for 10 min. more and then evaporated to half its 
volume. After being chilled in a Dry Ice-acetone bath, thc 
crystals that had precipitated were collected by filtration, 
washed with cold ether, and dried i n  I J ~ C U O  to afford 4.71 g.  
(84%) of LX, m.p. 163-164'. 

Product from a similar run was rrcrystallized from ab- 
solute ethanol to give the analytical sample, m.p. 187-168'; 
h~~~~~ 3.02 (NH), 5.62, 5.94 (C=O), 6.40 (amide 11). It 
moved with R, 0.15 in solvent B and Rf 0.69 in D. 

Anal. Calcd. for CloH8BrN0,: C, 41.9; H, 2.81; Br, 
27.9; N, 4.89. Found: C, 42.0; H, 2.96; Br, 28.2; N,  
5.18. 

Ethyl m-(Bromoacety1)oxanilate (LXI).-Bromination of 
2.35 g. (0.010 mole) of LVIII with 1.7 g. (0.011 mole) of 
bromine by the same procedure used for the acid (LX) gave 
R yield of 2.75 g. (88%) of product, m.p. 124.0-124.5', 
unchanged by recrystallization from absolute ethanol. T h o  
product had A::$:, 3.04 (NH), 5.90 (C=O), 6.45 (amide 11); 
it was not separable from starting material by paper chroma- 
tography in the solvent systems t.hat were tried. 

Anal. Calcd. for CI~HIJ3rKOI: C, 45.8; 11, 3.85; Br, 
25.4; PI', 4.46. Found: C, 45.7; €I, 3.78; Br, 25.1; S, 
4.31. 

7n-[1~-(Pyridinium)acetyl] oxanilate (LXIV).-A solution 
of 0.50 g. of m-(bronioncety1)osanilic acid (LX) in 10 ml. of 
pyridine waa heated on a steam bath for 30 min. The mis- 
ture was chilled and the precipitate was collected on a filter 
and washed with cold water to afford, after drying, 0.45 g. 
(91'%) of product, m.p. > 300". Recrystallization from 
aqueous ethanol gave an 80% recovery of product, m.p. 
>300'; A:,"$, 3.06, 3.17 (PI"), 5.86, 5.92 (C=O), 6.15 
(COOe), 6.40 (amide 11). It moved in solvent F (Whatman 
KO. 1 paper) with Rf0.52 and in D with R10.44. 

Anal. Cdcd. for C l ~ H l ~ N ~ 0 4 :  C, 63.2; H, 4.22; N ,  
9.87. Found: C, 63.6; H, 4.12; N, 9.76. 

3.01, 3.06 (NH), 5.72, 5.82, 5.90 (C=O). It had RJ 0.85 

(39) J. A.  King and F. I I .  nlcMillan, J. A m .  Chem. Soc., 73, 83:: 
(1950), reported the preparation of cr-chlorophenylacotyl chloride hy 
the action of either thionyl chloride or phosphorus pentachloride on 
mandelic acid. I n  our hands, phosphorus pentachloride gave much 
hetter yields. With thionyl chloride, the formation of much benzalde- 
hyde was observed, as noted by H. nleyer, Monatsh. Chem., 32, 411 

(40) I n  one experiment where the extracts were dried over anhy- 
drous magnesium sulfate. the product was lost. presumably by adsorp- 
tion on the drying agent. 

(41) Infrared lamp, 115 v., 260 w., manufactured by  Sylvania. 

(1901). 
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Ethyl m-[a-Pyridinium) acetglloxanilate Bromide (LXII). 
-Ethyl m-( bromoacety1)oxanilate (LXI), 1 .O g., treated 
with pyridine by the procedure used for the acid, gave 1.21 
g. (97%) of product, m.p. 170-172' dec. Recrystallization 
from absolute ethanol gave 1.1 g. (88%) of analytically pure 
product, m.p. 172-173' dec., Azt& 2.92, 3.12 (NH), 5.82 
(C =O), 6.09,6.67 (C5H5N-@). It moved in solvent G with 
Rf 0.64. 

Anal. Calcd. for C1,H1713rNZ04: C, 51.9; H, 4.36; Br, 
20.3; N,  7.13. Found: C, 51.5; € I ,  4.15; Br, 20.1; N,  
7.30. 

Degradation of LXIV to m-Aminobenzoic Acid (LIII).-A 
mixture of 0.40 g. of LXIV in 10 ml. of 1 N sodium hydroxide 
solution was heated on a steam bath for 0.75 hr. The re- 
sultant solution was cooled in ice, acidified to pII 1 with 
hydrochloric acid, then evaporated to  dryness. The residue 
was dissolved in 20 ml. of saturated sodium acetate solution 
and extracted with ethyl acetate (2 X 20 ml.). The extracts 
were combined, washed, dried, and evaporated to afford 
0.10 g. (51%) of m-aminobenzoic acid as a light pink solid, 
m.p. 168-170"; m.p. 170-172' when mixed with authentic 
m-aminobenzoic acid of m.p. 172-173'. The infrared 
spectra and paper chromatographic behavior in several sol- 
vent systems were identical to those of the authentic m- 
aminobenzoic acid. 

Degradation of Ethyl m- [a-( Pyridinium)acetyl] oxanilate 
Bromide (LXII) to m-Aminobenzoic Acid (LXIII).-A mix- 
ture of 0.50 g. of the ester LXII in 10 ml. of 1 N sodium 

hydroxide solution wae heated for 5 hr. on a steam bath. 
The reaction was worked up as above to give 0.10 g. (59%) 
of product, m.p. 167-169', which was established as m- 
aminobenzoic acid by mixed melting point and comparison 
of infrared spectrum and paper chromatographic behavior 
with those of an authentic sample. 

Dibromination of Ethyl m-Acetyloxanilate (LVIII).--A 
mixture of 0.24 g. (1 mmole) of LVIII and 0.70 g. (2 mmoles) 
of tribromoacetophenone~* was heated in an oil bath a t  110" 
for 3 hr. The resulting amber oil was crystallized from ab- 
solute ethanol to give 0.26 g. (67%) of a dibromo derivative 
of ethyl m-acetyloxanilate, m.p. 104-105"; A2'$3.05 (NH);  
5.85, 5.92 (C=O); 6.45 (amide 11). I t  moved in solvent F 
with R10.46 (LVIII, R f  0.52). 

Anal. Calcd. for ClzHllBrzNO~: C, 36.7; H ,  3.82; Br, 
40.1; N, 3.56. Found: C, 36.7; H, 3.82; Br, 40.1, N, 
3.53; . 

On the basis of its preparation, this dibromo derivative is 
presumed to be ethyl m-(cu,a-dibromoacety1)oxanilate. 
However, this was not established. 
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Polymeric Diels-Alder adducts were prepared from 2-vinyl-1,3-butadiene and p-benzoquinone, m-phenylenebismaleimide, 
ethylene diacrylate, and N,N'-methylenediacrylamide. The first two polymers were insoluble and melted above 500". 
Diels-Alder polymers were also prepared from three derivatives of 2-hydroxy-l,&butadiene, bis( Sbutadienylmethyl) acetal, 
bw( 2-butadienylmethyl) hexamethylenedicarbamate, and bis( 2-butadieuylmethyl) m-xylylenedicarbamat. Various com- 
binations of these bifunctional dienes with p-benzoquinone, p-phenylenebismaleimide, and benzidinebismaleimide produced 
a series of polymers in yields varying from 53 to 99% with intrinsic viscosities from 0.05 to 0.28 and softening points from 74 
to  194'. 

Theoretically, any reaction that proceeds in high 
yields can be somehow adapted for use in a poly- 
merization reaction, Although the Diels-Alder 
reaction has been used extensively in organic chem- 
istry and very often gives very high yields, very 
little work has been carried out to adapt this in- 
teresting reaction to the production of polymers. 
One of the few reactions that has been studied is the 
self-condensation of cyclopentadiene.5 In this 
reaction the double bond remaining after the reac- 
tion of the diene in a Diels-Alder reaction becomes 

(1) Previous paper in this series, J .  Ore. Chem., 28, 1800 (1960). 
(2) Presented in part before the Division of Polymer Chemistry 

at the 126th Meeting of the American Chemical Society, New York, 
N. Y., September, 1954. and in part a t  the 138th Meeting of the 
American Chemical Society, New York, N .  Y.. September, 1960. 

(3) Office of Naval Research Fellow, 1953-1954. 
(4) Office of Naval Research Fellow, 1956-1957; National Science 

Foundation Predoctoral Fellow, 1957-1959. 
(5) H. Staudinger and H. A. Bruson, Ann., 447, 97 (1926); K. Alder 

and G. Stein, {hid., 496, 204 (1932); K. Alder and G. Stein, Ber., 67, 
613 (1934). 

the dienophile for the next condensation step. 
However, since this double bond is a poor dienophile, 
very vigorous conditions are required and the reac- 
tion proceeds to give only tetramers, pentamers, 
and hexamers. 

A simpler procedure appeared to  be the prepara- 
tion of a bi- or polyfunctional diene which could 
be made to react with a polyfunctional dienophile. 
While a number of bifunctional dienophiles, such as 
benzoquinone and the bismaleimides, are available, 
reactive bifunctional dienes are not readily avail- 
able. This scarcity stems from the fact that a sim- 
ple diene, such as butadiene, is bifunctional with 
respect to many reactions but in the Diels-Alder 
reaction it is only monofunctional. Therefore, in 
order for a compound to be bifunctional with re- 
spect to the Diels-Alder reaction, it must contain 
two diene systems. The simplest compound con- 
taining two diene systems is 2-vinylbutadiene (I). 

Since the pyrolysis of esters had been shown in 


