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Abstract

The synthetic u t i l i t y  of dimethyl acetyl enedi carboxyl ate (]_) has 

been demonstrated through the synthesis of 3-hydroxy-2,3-d ihydro-4(lH )-  

quinazolinones., 1 ,4 ,2 -d ioxazoles , and a va rie ty  of 3-a lkyl and a ry l -  

amino-2,3-dihydro-4(lH)-quinazolinones.

The condensation of anthranilohydroxamic acids (_2 ) with 1_ gives a 

d ire c t  synthesis of 2-carbomethoxy-2-carbomethoxymethyl-3-hydroxy-2,3- 

dihydro-4(lH)-quinazol inones (_3).

0

2 3 H

o-Alkylaminobenzohydroxamic acids were found to not y ie ld  Rowing  

to a possible combination of s te r ic  hindrance a t the secondary amine 

and side reactions with the hydroxamic acid portion of the molecule.

The reaction of benzyl 0 -aminobenzohydroxamate (£) with 1_ was 

found to y ie ld  a previously known quinazolinone (5) by the e lim ination' 

of benzaldehyde.

CONHOCM
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The postulated tautomeric equilibrium  of hydroxamic acids ( 6 j ,  

shown below, has previously been demonstrated by the reaction with 

phosgene to produce 1 ,4,2-dioxazol-5-ones (7 ) .

//
R -  C \NHOH

OH/
V0H

coci.
-2HC1

- i

When 6_ was reacted with T_ the previously unknown 5-carbomethoxy-5- 

carbomethoxymethyl- 1 ,4,2-dioxazoles (9_) resulted. Postulation of 8 _ as 

the reaction intermediate was based on i ts  rearrangement to an iso­

cyanate and the presence of vinyl resonances in  the nmr.

6  + 1

OH-/ ^CHC02 CH3

x C0,CH,

8

CH2 C02 CH3

co2 ch3

The presence of the nitroso deriva tive  (1_0) during the reaction  

was indicated by the appearance o f a blue color and the iso la tion  of  

benzoic acid. Also isolated from the reaction o f 6_ (R = C5 H5) was 0 -  

phenylcarbamyl benzohydroxamate ( 1 1 ) .
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3

C6 H5 C0NH0C0NHC6 H5
VN= 0

1 0 11

Electron impact studies, as well as nmr and i r ,  provided a s truc­

ture proof fo r  the dioxazole ring system (£ ) .  The thermal decomposi­

t ion  of £  by a modified Lossen rearrangement yielded isocyanates.

The reaction of 6 ,  where R = o-substituted phenyl, with 1_ yielded  

a mixture o f  £  and £ . This "ortho e ffec t"  was attributed to a probable 

combination of hindrance to the tautomerization and s teric  hindrance to 

c y c liza t io n . In £ ,  (R = 1-naphtho) a "peri e ffec t"  was exhibited and 

no condensation with resulted.

The treatment of anthranilophenylhydrazides (12) with 1_ yielded  

fumarate Michael adducts ( 13) which were transformed into 3 -a n i l in o -  

2,3-dihydro-4(lH)-quinazolinones ( 14) by base-catalysis.

CONHNK

1 2 13

MeONa/MeOH

> C 0 2 CH3 

- ch2 co2 ch3
14 H
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4

Methylation o f _M (R = Rx = H ), with NaH and CH3 I ,  gave qu inazo li-  

none 1_5_ (R = C6 H5 ) which was independently prepared by the synthetic  

pathway shown below. Compounds o f  s tructu re  15. also included R = CH3.

CONH-N
/CH:

-» "adduct" MeONa C02 CH,

CH2 C02 CH3

The structure of 1_4 was fu r th e r  v e r i f ie d  by comparison o f  the mass 

spectra and u l t r a v io le t  spectra of 1_4 w ith model compounds known to be 

o f the quinazolinone class.

The reaction of 1_6 with 1_ was o f  in te re s t  because of the in a b i l i t y  

of 1_6_ to cyclize  to the quinazolinone i f  the primary amine formed a 

fumarate adduct. However, the product isolated was the maleate adduct 

( 17) which could not be transformed to a cyclized product.

ch3 ch3 
\  I

CO—  N—  NH

+ 1

.CO— N —  N

16 17
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Part I

HYDROXAMIC ACID PRECURSORS
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6

INTRODUCTION

Dimethyl acetylenedicarboxyl ate (X) has found considerable syn­

the tic  u t i l i t y  in i t s  reaction with amines and phenols. The i n i t i a l l y  

formed Michael adducts have been transformed into a variety  of hetero­

cyclic compounds. Hendrickson, Rees, and Templeton1 * 2 reacted a- 

aminoketones with dimethyl acetyl enedicarboxyl a te  to give the enamine 

( 2 ) which under acidic conditions

Ri— C 
H/ v NH2

IH

C02C H 3
lC

III
c
co2CH3

1

C02C H 3
co2CH3

H+

R\  C\ ° 2CH3 
C-H

I II

/  n C02 CH3

co2ch

co2ch

yielded 2,3-dicarbomethoxypyrrole derivatives  ( 3 ) .  In this case they 

combined both a nucleophilic (-NH2) and an e le c tro p h il ic  center (ketone 

carbonyl) in the s tarting  compound.

Several six-membered heterocyclics were also synthesized using the 

above method. 2-Aminoacetophenone w ith  1_ cyclized to the 4-methylquino-
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l in e  (4) and 2-aminobenzophenone yielded the 4-phenylquinoline (5 ) . 3

CH3

CO 2 C H 3 co2ch

N C02 CH3

Taylor and Heindel4 synthesized the adducts ( 7 )  o f several methyl 

anthranilates {§ )  with 1_. These adducts were then cyclized to 2 ,8 -  

dicarbomethoxy-4(lH)-quinol i nones ( 8 ) .

COoCH
N—C=C

8

By substituting a nucleophilic species fo r  that of the e lec tro -  

phi l i e  carbonyl Iwanami5 was able to synthesize several classes of 

heterocyclic compounds. The reaction of l_with 2-aminophenol (9 )  

yielded the 1 ,4-benzoxazine system (10).

o ,0H

+ 1

H
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In 1_0 i t  was shown that the amine had added to the acetylenic bond and 

the phenol had displaced the ester. The condensation of 2-aminothio- 

phenols ( 1 1 ) with 1_ has recently been shown to y ie ld  2 -carboxymethylene 

-3 ,4 -d ihydro-3-oxo-2H -benzo-l,4 -th iaz ine  derivatives (12 ) . 6 , 7 > 8

NH If
+ 1

" ^ ^ ^ s ^ ^ c h c o 2 ch3

11 12

Iwanami9 fu rther extended the use o f the d inucleophilic  approach 

to obtain quinoxaline ( 14) from o-phenyl enedi amine ( 13) w ith  1_.

f r V
I /
H C 02 CH3

A recent extension of the o-phenylenediamine reaction with 1_ is 

that of Heindel, Fish, and Lemke10 u t i l i z in g  anthrani 1 ami de-acetylene­

dicarboxyl ate adducts (1_5). The i n i t i a l l y  formed adducts have been 

shown to be exclusively of the fumarate geometry. The c y c l iza t io n  of 

the adducts provided e ith e r  1 ,4-benzodiazepine-3,5-diones ( 16) or 

quinazolinone diesters (17) depending on the solvent used.
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9

COoCH

—  XH 

COoCH

NaOMe/MeOH

H

R

CHCOoCH

16 17

Other difunctional nucleophiles which have shown v e rs a t i l i ty  in 

this reaction are salicylamides11 and o-mercaptobenzamides1 2 ' 13 which 

lead to only the s ix  membered benzoxazinones (J 8 )  and benzothiazinones 

( 19) respectively .

0  0

R.

19

R

As a logical extension of the above work the reaction of anthra­

ni lohydroxamic acids (20) was investigated. These acids can be thought 

of as being N-hydroxy derivatives of anthrani!amides. By the addition
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10

of another nucleophilic center the possible modes of c y c liza t io n  are 

increased. Below are shown some of these p o s s ib i l i t ie s :

yOH
N + 1 
VH "

20

CHCOoCH

22

23 24

The 1 ,4-benzodiazepine-3,5-dione ( 22) belongs to a class of com­

pounds which have shown in teresting  a n ti-an x ie ty  a c t iv i ty .  Two well 

known examples are Libriur/f^and Valiun®

Structure 21_ which is  a cyclic  hydroxamic acid of the q u inazo li­

none family would also be expected to have some pharmacological ac­

t i v i t y .  Many examples —  both natura lly  occurring and synthetic —  of 

cyclic  hydroxamic acids are availab le .

A sp erg il l ic  acid ( 25) was the f i r s t  cyc lic  hydroxamic acid iso­

lated in 1943 from certa in  strains of Aspergillus flavus. 11+»15  On mild 

reduction, a s p e rg il l ic  acid is converted into the hydroxypyrazine (25)
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which is  r e la t iv e ly  in e ffec tiv e  as an an tib ac te r ia l agent . 16 I t  would 

appear that the a c t iv i ty  of a s p e rg il l ic  acid as an a n t ib io t ic  is to be 

a ttr ib u te d  to the cyclic  hydroxamic acid grouping.

N ^ / C H 2CH(CH3)3 / 2

CH-

CH3CH2 OH

CH-

ch3ch:

^ n ^ . c h 2 ch(ch3 ) 2

C H ^ N ^ v O H

25 26

Several quinazolinone hydroxamic acids have been synthesized from 

esters o f a n th ra n il ic  acid. Included in this group are potential a n t i -  

b acteria ls  (27 ). A potent d iu re t ic  (23) was developed from a substi­

tuted anthraniloylhydroxamic acid and several have been reported to 

influence the central nervous system and to show depressive and a n t i ­

tremor a c t iv i t y . 1 7

■CONHOH

HCOOH

OH

27 28

Since hydroxamic acids1 8  exh ib it  the tautomerism ( 2 9 ^  30 ), and 

when Ri = H, the additional tautomeric structure 31_ is also possible, i t  

appeared reasonable that tautomer 31_ could take part in the reaction  

with dimethyl acetylenedicarboxyl ate.
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0 OH OH 0 OH
II I I t  I

R — C — N — Rj R - C = N - R 1 R - C = N O H

29 30 3T_

Designating 29 as the keto form and 31_ as the enol form Plapinger19 

has shown th a t benzohydroxamic acid (29_, R = C6H5 ,R 1 = H) exists pre­

dominantly in  the keto s ta te . His argument is based on the s im ila r i ty  

in the u l t r a v io le t  spectra o f  benzohydroxamic acid and N-methylbenzo­

hydroxamic acid (29, R = CgH^R! = CH3) which can e x is t  only as the 

keto form and the d is s im ila r i ty  between the spectra o f  benzohydroxamic 

acid and ethyl ben zohydroxi mi c acid (tautomer 31_ where R = C5 H5 and the 

COH is replaced by COEt) the l a t t e r  which can ex is t  only as the enol 

form.

Plapinger19 and la te r  Steinberg and Swidler20  discussed some 

in teresting  studies on the s tructu re  of the benzohydroxamate anion (3 2 ).

B C
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They found that the UV spectrum of the anion exhibited both a batho- 

chromic and a hypsochromic s h i f t  compared to that o f  benzohydroxamic 

acid. By comparison o f model compounds they established that the hypso­

chromic s h i f t  is probably due to the contribution o f  structure A. The 

bathochromic s h i f t  can be a ttr ibu ted  to e ither s tructure  B or C, but 

Steinberg and Swidler indicated, by reaction ra te  stud ies , that struc­

ture B was the predominant form with C perhaps contributing a maximum 

concentration of 1 0 - 3  to 1 0 -l+ times that of the other species.

The addition of phosgene to benzohydroxamic acid ( 29, R = C6 H5,

Ri = H) was shown to y ie ld  the f i r s t  known deriv a tiv e  of the 1 ,4 ,2 -  

dioxazole ring system (33 ). This reaction was developed in 1951 by 

Gerhard Beck21  using several d i f fe re n t  hydroxamic acids, including the 

bis hydroxamic acid terephthaloylhydroxamic acid. In  a recent work22  

the same 3-phenyl- 1 , 4 , 2-dioxazol-5-one (33) was synthesized from the 

potassium s a l t  o f  benzohydroxamic acid and phosgene.

The tautomerism o f  benzohydroxamic acid is fu r th e r  i l lu s t r a te d 2 3  

by the addition o f  a-bromopropionic acid ( 34) to form the adduct (35).  

This 35. on heating with acetic anhydride or th ionylch loride  is con­

verted to the 5 -oxo-l,4 ,2 -d ioxazine  (36 ).

0 n

33
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oH 

0 c h 3

36

In the enol tautomer of hydroxamic acids e ith er  the oxime portion  

or the COH could be expected to add to Both groups are known to add 

to acety len ic  bonds. 11» 2h With these reactions in mind benzohydroxamic 

acid and several other aromatic and alkyl hydroxamic acids were reacted 

with 1_. Although the variety o f nucleophilic sites (nitrogen and oxy­

gens) in the hydroxamic acids and the duality  of e le c tro p h il ic  s ites  

(the alkyne carbon and the ester carbonyl) in 1_ makes plausible a 

number o f  modes of product formation, only one type o f cyclized product 

was formed. This product was id e n t if ie d  as the 1,4 ,2-d ioxazole  (37 ).

R —  C

OH

+ 1

CH2 C02CH3

r ~ c o 2cH3
.0

31 37
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A few 1 ,4,2-dioxazoles appear in the l i te r a tu r e  including those 

previously described. Several o f the methods of synthesis include the 

use of hydroxamic acids. The recent work of iiohira and co-workers2 5  

u t i l iz e s  the d iethylketa ls  (38) o f  such ketones as acetone and cyclo- 

hexanone and benzohydroxamic a c id s .

Ri
yO Ri OEt .0 — (-R 2

/  \  /  /  \R — C + X   > R 4  o

n NH0H R2 OEt N

38

Schmitz, Ohme, and Schramm2 6  used both hydroxamic acids and 2- 

acyloxaziridines ( 39_) in th e ir  reaction schemes and were able to syn­

thesize many dioxazoles.

RC0NH0H

Ri OEt

R2 OEt

Ri
R2 Ri N-CO-R

V
R

39

Several other synthetic schemes including the work o f Huisgen and 

Mack2 7  have involved 1 ,3 -d ip o la r  additions to carbonyl compounds y ie ld ­

ing the 1,4 ,2-d ioxazole ring system.
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Although a moderate number of 1,4,2-dioxazoles were known there 

were no reports of any pharmacological studies. In fa c t ,  the only r e f ­

erences to biological a c t iv i t ie s  were fo r  derivatives of 7-aminocephalo- 

sporanic acid (40 )28 and o f 6 -aminopenici11anic acid (4 1 )29 claimed as 

antimicrobial agents. Because of this lack of pharmacological studies 

an investigation into the variations of the 1 ,4,2-d ioxazole  system was 

undertaken.

0 CONH- CONH-

\ ^ C H 202CCH3 n_ , / \ 2 d
c o2 h

CH-
^CH3

-COoH

40 41
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RESULTS AND DISCUSSION 

Synthesis o f  Hydroxamic Acids and Esters

The anthranilohydroxamic acids (20_) were prepared by the reaction  

of anthran ila te  esters (42) with hydroxylamine. The sodium salts  were 

i n i t i a l l y  iso lated and then neutralized to y ie ld  the free  anthran ilo ­

hydroxamic acids.

42

2 * 2

+ h2noh
Na

R El
a. H H

b. Cl H

c. H CH

R \^ / \^ C 0 N H 0 N a

• NHRi

H+

R \ f^ S r ^C0NH0H

20

The reaction of is a to ic  anhydrides with nucleophiles is a well 

known synthesis o f an th ran il ie  acid derivatives. When ammonia or p r i ­

mary amines are u t i l iz e d  as the nucleophile the corresponding anthra- 

nilamides are is o la te d . 3 o a > 31 Meyer and Bellman32 published the prep­

aration of anthranilohydroxamic acid from is a to ic  anhydride and 

hydroxylamine. This method would eliminate the synthesis of the 

anthranila te  esters (4 2 ) ,  but i t  has since been shown by Scott and
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Wood33  th a t the product actually  isolated is 0-(2-aminobenzoyl) -  

hydroxylami ne.

0 0
II

+ h2noh

nh2

- o - n h 2

+ C02 i

H

The synthesis of O-substituted anthranilohydroxamic acids from 

isa to ic  anhydide by the reaction of 0 -a lk y l or -ary l hydroxyl amines has 

proven to be o f synthetic u t i l i t y .  The synthesis of benzyl 0-amino- 

benzohydroxamate (43) by this method is described in the experimental 

section.

The a n th ra n il ie  acid esters were prepared by the procedure of  

S ta iger34 using the modification of Heindel and Tay lor . 4 Treatment of

isa to ic  anhydrides with methanol or ethanol and c a ta ly t ic  amounts of

sodium methoxide produced the desired methyl or ethyl anthranilates  

(42). A ll of the esters that were u t i l iz e d  have been previously pre­

pared and characterized.

Benzohydroxamic acids, alkylhydroxamic acids, and phenyl a lk y l-  

hydroxamic acids were prepared from the appropriate esters and an

equimolar quantity  of hydroxylamine with e ith e r  sodium or potassium

hydroxide. The i n i t i a l l y  iso lated s a l t  was then neutralized with acetic  

acid to free  the hydroxamic acid (44).

R -  C02 R1
H2 N0K or Na+

»  R -  CONHOK or Na+ R -  CONHOH

44
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R R

a. c6h5 h. 11

b. 4 -  CH30 i . c5h5 -  ch2

c. 3 -  CH30 - c6h , j . c6h5 -  ch2 -  ch2

d. 2 -  CH30 -  CsA k. ch3

e. 4 -  Br - c6h , 1. ch3 -  ch2

f . 2 -  Br - c6h. m. 1 — Naphtho

g- 3 -  N02 -  c6h . n. 4 -  H0HN0C -  CgHit

The appropriate esters, except ethyl 3-methoxybenzoate, used in  

the above syntheses were commercially ava ilab le .

The carbonyl group o f the hydroxamic acids absorbed a t  1632±12cm._1 

Also a l l  o f the hydroxamic acids synthesized gave the v io le t  fe r r ic  

chelates when excess fe r r ic  chloride was added to a methanol solution  

of the hydroxamic acid. This v io le t  color is a positive te s t  fo r  the 

hydroxamic acid moiety . 3 5

C yclization of the Anthrani 1ohydroxamic Acids 

with Dimethyl Acetylenedicarboxyl ate

The condensation of anthranilohydroxamic acids (20) with 1_ pro­

vided a d ire c t  one step synthesis of substituted 3-hydroxy-2,3-dihydro- 

4(lH)-quinazolinones (21_). The is o la tio n  o f an intermediate open 

adduct analogous to 15_ was not possible in these cases.
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Since the reaction of 20 with J_ can lead to more than one isomeric 

product i t  is necessary to estab lish  that 21_ is in a c tu a lity  the prod­

uct iso la ted . The mass spectral and elemental analysis established the 

molecular formula of 21_ as being a 1:1 adduct o f 20_ and 1_. This e l im i­

nates structures of type 22_ and 24 where the molecular ion would show 

the loss o f  methanol. A more de ta iled  explanation of the mass spectral 

data w i l l  follow.

Structures 22 and 24_ are also eliminated because of the lack of a 

vinyl H resonance in the nmr. However, the nmr does show a geminally 

s p l i t  AB quartet (J = 16.0 Hz) a t  <5 3 .63 , 3.13 and 3.45, 3.11ppm for  

21 a and 21b respectively. The appearance of magnetically non-equivalent 

methylene protons adjacent to an asymmetric center is well known. 36 

The nmr also disproves the loss o f methanol because the spectra re ­

vealed two methyl ester resonances.
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I f  the N-H o f  the hydroxamic acid partic ipated in the addition to 

1  the quinazolinone (21_) would re s u lt ,  while the addition o f  the 0-H 

would provide 23 .  Since 21_ is a cyclic  hydroxamic acid , the id e n t i f i ­

cation o f this moiety would distinguish 21_ from 2 3 .  From the informa­

tion available the direct loss of 0 or OH from the molecular ion of the 

c y c lic  hydroxamic acid is to be expected in the mass spectrum . 37 The 

spectra of the product obtained made evident the loss o f 16 a.m.u. in 

support of structure 21_; the re la t iv e  abundance o f  this fragment was 

low.

Cyclic hydroxamic acids, such as a s p e rg il l ic  acid (2 5 ) ,  have been 

reported to give v io le t  f e r r ic  chelates when fe r r ic  chloride is added 

to a solution o f  the cyclic  hydroxamic ac id . 35 A methanol solution of 

21_ was treated with f e r r i c  chloride and the ch aracter is tic  v io le t  color 

developed, fu rth e r  substantiating the hydroxamic acid s tru c tu re , 2 K

The in frared  spectra also support the  quinazolinone structure  

(2 1 ) .  The i r  o f  the anthranilohydroxamic acids (20a., b) have absorb­

ances corresponding to the primary amine and to the NH and OH of the 

hydroxamic acid. The OH appears as a broad resonance from 3100 to 

3260cm".1 In the c yc lic  structure ( 21) this broad absorbance is also 

present. Although i t  is d i f f i c u l t  to distinguish the NH and OH in the 

i r  th is  does ind icate  the presence of the OH moiety.

Other absorptions in the i r  include the saturated ester carbonyls 

between 1730 and 1750cm-1 and the cyclic  hydroxamic acid carbonyl at  

1660cm'.1 Also o f  in te re s t  is the lack of primary amine absorptions in 

21. This eliminates the p o ss ib il i ty  o f the reaction of I w i t h  only the 

hydroxamic acid portion o f 20_. A reaction of th is  type w i l l  be dis­

cussed in a la te r  section of this d issertation.
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From the above i t  can be concluded tha t 21_ is a 3-hydroxyquina- 

zolinone. There is also very good precedent in  the recent l i te r a tu r e  

for this type o f  double addition leading to s ix  membered heterocyclic  

ring systems as exemplified by structures 1_7, lj5, and 1J5_.

When 2-methyl ami nobenzohydroxamic acid ( 20c) was reacted with 1_ 

the expected quinazolinone ( 2 1 c) could not be isolated from the re ­

action mixture. That 21c was not formed from 20c and 1_ can be a t t r i b ­

uted to s te r ic  hindrance a t  the secondary amine function. There is 

also the added complication o f a side reaction with the hydroxamic acid 

portion of the molecule. This reaction could lead to the 1 ,4 ,2 -d ioxa-  

zole s truc tu re , which w i l l  be discussed l a t e r ,  and would give a mixture 

of products.

Benzyl 0-aminobenzohydroxamic acid ( 43) eliminates the p o s s ib il i ty  

of the NO-H reacting with (1_). Benzaldehyde was cleaved and the iso­

lated product was id e n t if ie d  as the c ry s ta l l in e  quinazolinone.

0

+ 1 - C 0 2CH3
c h 2 c o 2 c h 3

H

+  4>-CH0

H
43

17
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Mass Spectral Analysis of

2-Carbomethox,y-2-carbomethox.ymethyl-3-hydroxy-2> 

3 -d j h.ydro-4( 1 H) -q ui nazol i nones*

The mass spectral data here presented fu l ly  support the conclu­

sion th a t 21_ represents the reaction product. Although the data are 

l im ited  they allow one to characterize the fragmentation pattern o f  

th is  class o f  compounds.

Table I l is ts  the compounds with th e ir  mass spectral fragments and 

th e ir  abundance re la t iv e  to the most abundant fragment, the base peak.

Both 21a and 21b showed parent molecular ions ( I )  a t  the appro­

pr ia te  m/e.

The loss of 16 a.m.u. from 21a and b̂ would be expected in view of  

the cyclic  hydroxamic acid s tru c tu re . 3 7  Both show this  loss although 

the re la t iv e  abundance is less than 1 % in  both cases.

*The spectral data fo r  compounds containing chlorine are based on 
the chlorine 35 isotope.

0
+  •

H

I
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TABLE I

Mass Spectra of 21

Q
OH

/ ^ C 0 2CH3
ch2 co2 ch3

Q C02 CH3

ch2 co2 ch3

2 1 a 2 1 b

m/e Relative abundance m/e Relative at undance

294 1.3 328 1 . 6

278 . 8 312 .9

263 1 . 6 297 2.5

.235 1 0 0 . 269 1 0 0 .

234 1.3 268 2.5

221 1 0 . 255 1 2 .

2 2 0 . 8 254 3.0

218 4.2 252 3.9

203 42. 237 38.

186 6.9 2 2 0 7.9

175 1 1 . 209 15.

161 2.7 195 6 . 2

145 16. 179 2 2 .

119 9.3 153 18.

104 4.4 138 7.9

91 4.5 125 15.
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The cleavage o f carbomethoxy ( * 0 0 2  0113 , 59 mass units) and carbo- 

methoxymethyl (*CH2 C0 2 CH3, 73 mass un its) by a "Type Ai " 3 8  mechanism 

c le a r ly  indicates the substituents on the 2 -pos it ion . Structures I I  

and I I I ,  respectively , represent the resu lt ing  ions. Structure I I  

represents the most abundant ion in both cases.

The next most abundant ion resulted from the loss o f methanol from 

I I .  This could arise from e ith e r  a cyclic  process to give IV or by the 

d ire c t  loss o f methanol from the side chain to give V.

Regardless o f  the mechanism involved the loss of 32 a.m.u. from I I  

was v e r i f ie d  by the presence o f  a metastable ion. For 21a_ the t ra n s i­

t io n  from 235 to 203 was v e r i f ie d  by a metastable ion at the calculated
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position o f  m/e 175.3. Likewise 21b_ (269 -  237) has a metastable ion 

a t m/e 208.8.

The ion corresponding to e ither IV or V was fragmented by e ither  

the loss o f  CO (mass 28) or ketene (mass 42). The loss of CO could 

resu lt  in VI or V I I ;  these data cannot discriminate between them. This 

t ra n s it io n  was v e r if ie d  however by metastable ions a t  the calculated  

positions (21a, 203 -  175, m/e 150.9 and 21b, 237 -  209, 184.3).

The loss of ketene from IV or V would lead to an ion with a 

structure of type V I I I .  Likewise IV or V could lose OH to give m/e 

186 fo r  2 1 a and m/e 2 2 0  fo r  2 1 b.

Ions a t m/e 218 and m/e 252 fo r  21a and 21b respectively show the 

loss o f 17 mass units from structure I I .  In the case of 21a this loss 

is v e r i f ie d  by a metastable ion a t  m/e 202.2. A probable structure fo r

VI V II

0

V I I I

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The ions a t m/e 145 and m/e 179 fo r  21a and 21b respectively could 

resu lt  from e ith e r  V I I I  by the loss o f  0 (mass 16) or from IX by the 

elim ination o f  the carbomethoxymethyl fragment (mass 73). No meta­

stable ions are availab le  to establish this p o in t.

A re tro  D ie ls -A lder cleavage, s im ila r  to th a t reported by 

Budzikiewicz, e t  a l . 39 fo r  a series o f quinazolinones, would produce 

ion X. This ion appears a t  m/e 119 fo r  21a and m/e 153 fo r  21b.

+

Other ions present in the spectra are due to loss of methyl fo r ­

mate ( 21a, m/e 234 and 21b, m/e 268) and methyl acetate ( 21a, m/e 220 

and 21b, m/e 254) from the molecular ion. The loss o f 31 a.m.u. from 

the molecular ion can be attributed  to the loss o f  CH30*.
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Many o f  the ions observed in this class o f  compounds are also seen 

in the fragmentation o f  the quinazolinone shown below. 3 0 *5 Those addi­

tional ones which only appear in 21_ are a ttr ib u ta b le  to the presence of  

the 3-hydroxyl group.

H or Cl 

H or CH3 

H, CH3, or <1>

Synthesis and Proof of Structure o f 1 ,4,2-Dioxazoles

As previously described, anthranilohydroxamic acids condensed with 

1_ yielded 3-hydroxy-2,3-dihydro-4(lH)-quinazolinones (21_). Because of 

the tautomerism shown below, even hydroxamic acids lacking the o-amino 

function could react with 1_, since two nucleophilic s ites are availab le .

.OH
R -  CONHOH -------   R -

" -  OH

44 31_

Reactions demonstrating the synthetic u t i l i t y  of tautomer 31_ have 

been discussed vide infra. The reaction of the hydroxamic acids with 

an acetylenic bond was o r ig in a l ly  demonstrated by Ruhemann and Stapel- 

ton . 4 0 » 1+1 They found that phenylpropiolohydroxamic acid could not be

R2

co2 ch3

ch2 co2 ch3

where R

Ri

R2
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is o la te d , but underwent intramolecular cyc liza t io n  to 5-phenyl-3-isox-  

azolone.

H 0

NHOH N-H

When 1  was added to a methanol solution o f the hydroxamic acid and 

subjected to mild heating, the solution became dark blue. The compound 

producing the blue color was removed in a water extract o f a CC1̂  solu­

tio n  of the reaction mixture. In a l l  cases the blue color in the 

aqueous solution disappeared a f te r  several days. In the case o f 44a 

a f te r  the blue color disappeared, concentration of the water solution  

yielded benzoic acid. The is o la tio n  of the benzoic acid4 2  and the ob­

servation o f the blue co lo r , 43  might indicate  the presence of the 

nitroso d eriva tive  (45) in the reaction medium.

The intermediacy o f  45̂  in the reaction of 44a has been previously 

discussed by Rowe and Ward4 2  and references therein . I t  would appear 

in th is  case that 1_ was the oxid iz ing agent since the blue color ap­

peared almost immediately. The abstraction of H* by acetylenedicar- 

boxylic acid was reported to be es sen tia lly  qu an tita tive  and rapid

N =0

H20
C02H

44a 45
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under the one condition studied: aqueous chromous su lfa te  so lu tion . 1* 4

Concentrating the CC1  ̂ solution gave an o i l  which was vacuum d is ­

t i l l e d  to y ie ld  a s ing le  product. This product has been id e n t if ie d  as 

a 1 ,4 ,2 -d ioxazo le  and in th is  case is s p e c if ic a l ly  37a. Also isolated  

from the CC1  ̂ layer as a flocculent p re c ip ita te  was 0-phenylcarbamyl 

benzohydroxamate ( 4 6 ) . 45 This substance was id e n t if ie d  by i ts  melting 

point and by comparison o f  the i r  with tha t o f authentic 4(5 (Sadtler  

Research Laboratories in fra -re d  spectrogram 8136). Also when 46 was 

melted or refluxed in CHCl3/MeOH i t  evolved C02 and y ie lded diphenyl- 

urea . 45  Since 46̂  probably resulted from the following reaction, i t  is 

necessary to assume tha t some phenyl isocyanate was present.

-  CONHOH + 4-NCO --------=► <J>CONHOCONH<i>

44a 46

The Lossen rearrangement o f 0-acylated hydroxamic acids is well 

known to y ie ld  isocyanates . 41 Therefore intermediate 47 can be postu­

lated as leading to both the phenyl isocyanate by a Lossen rearrangement 

and to 37a by tautomerization and addition to the CC double bond. I t  

has also been reported tha t the N-OH is the most nucleophilic portion 

of the hydroxamic acid group . 4 5  Hence i n i t i a l  addition to 1_ should 

occur at th is  s i t e .
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44a
'NHO-C

>CHC02 CH;

c o 2 c h 3

4NC0

O'
- f

ch2 co2 ch3

I  \  'C02 CH3

' “ V  / °^  N

,OH
dcHC02CH:

N - O - C
\ C 0 2 CH3

37a

47

I t  was also shown that heating pure 37a above its  bo iling  point 

gave a complex mixture of products including phenyl isocyanate. This 

could not have given the necessary phenyl isocyanate fo r  the production 

of 46_ because when 37a was refluxed in methanol no decomposition re ­

sulted. The thermal decomposition of 1 ,4,2-dioxazoles is a known re ­

action of this class o f compounds. 2 5  This reaction can be thought of  

as a modified Lossen rearrangement. Also of in te re s t for comparison 

purposes is the thermal rearrangement to isocyanates of dioxathiazole  

S-oxides derived from hydroxamic acids and thionyl chloride . 46

c n n  n— q/
RC0 N„0 „ 4 ^  R_ ^  ^  « 0
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The reaction of 44 with yielded the following 1 ,4,2-dioxazoles

(3 7 ):

CHz C02 CH3

0 Vco2ch3
RCONHOH + 1 MeOH  ̂ R— 0■>

44

N n/

37

R R

a. c6 h5 h. ^6 ^ 1 1

b. 4 -  CH30 - i . c6 h5 -  ch2

c. 3 -  CH30 - C gH4 j . c6 h5 -  ch2 -  ch2

d. 2 -  CH30 - c 6 h„ k. ch3

e. 4 -  Br - c 6 h„ 1 . ch3 -  ch2

f . 2 -  Br -  c6 h4 m. 1 — Naphtho

Other 1 ,4,2-dioxazoles synthesized include the bis-dioxazole 37n 

derived from 44n, and 48̂  derived from 44a and methyl propiolate.

CH302 CCH2v^

ch3o2c- ^ ~
ch2 co2 ch3

co2 ch3
.0

C6 H 5 ‘

ch2 co2 ch3

H
0

37n 48
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Structure assignment fo r  the product isolated from the reaction of 

44 and 1_ rests on several analyses. From the elemental analysis and 

mass spectral data 37 was f irm ly  id e n t i f ie d  as a 1:1 adduct o f  44 and 

1_. The absence of any absorbances in  37_ in  the 3100 to 3500cm"1 region 

indicates the absenee of N-H or 0-H functions and this implies a 

double addition of tautomer 31_ to the acetylenedicarboxyl ate moiety. 

Furthermore, compound 37 also gave a negative FeCl3 te s t.

The establishment of 37 as a 1:1 adduct o f  44_ and 1_ excludes any 

products resu lt ing  from an e lim ination  type mechanism. Thus a re ­

arrangement followed by an e lim ination  as found by Heindel and Chun^ 7 

in the case of amidoxime-dimethyl acetylenedicarboxyl ate adducts, is 

elim inated. These adducts were found to undergo a Claisen-type re ­

arrangement to y ie ld  imidazolones.

Further, the mass spectra o f a l l  the products, with the exception 

of 48_, showed the loss of *C02 CH3 (59 mass units) and *CH2 C02 CH3 (73 

mass u n its ) .  In the case of 48_ only the loss of 73 mass units  was 

seen. This loss of 59 and 73 mass units c learly  indicates th a t  a 

double addition of 44 to 1_ has taken place. A more de ta iled  analysis 

of the mass spectra w ill  be presented v id e  i n f r a .

The nmr also verif ies  the presence of two methyl esters between 

6 3.55 and 3.86ppm in compounds o f  type 37. The in fra -red  spectra of  

a ll  37 cases, except 37b and 37n, display a broad absorbance a t  ca. 

1750cm"1 ind icating  saturated esters. Both 37b and 37n were solids and 

each showed two ester carbonyls between 1732 and 1752cm".1

Further v e r if ic a t io n  of the carbomethoxymethyl as a pendent group 

is the appearance in the nmr of the -CH2- as a geminally s p l i t  AB
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quartet in  a ll cases o f 37_. The appearance of magnetically non­

equivalent methylene protons adjacent to an asymmetric center is well 

known. 36 The AB quartets a l l  have coupling constants between 16.5 and

17.0 Hz and a l l  appear on the high f ie ld  side o f the methyl ester reso­

nances.

All of the AB quartets in this dissertation are reported as 

fo llow s . 1* 8 The two resonances reported in each instance are and vg 

in the diagram. From

Ho

J ■+

VA VB

doublet centers,2CJ

2C + Jl

the equation Av = v/\-vg the value of Av can be obtained. Knowing Av 

and the value o f J , the value o f 2C can be calculated from 2C =

(av2 + J2)^. With the value o f 2C and the fa c t  th a t  J = v 1 -v 2 = V3 -V4 

the spacing of the AB qu arte t can be reproduced.

The i r  spectra of 37_ and 48 a l l  have the c h a ra c te r is t ic  absorption 

bands reported fo r  the 1 ,4 ,2-d ioxazole  ring system by Nohira, e t  a l . 25

The C=N stretching modes o f  the ring system appear a t  1631 ±1 cm- 1 fo r

a l l  cases of 37 in which an aryl group is d ire c t ly  bonded to the 3-

position. Compound 48 also fa l ls  into th is  group. In  a l l  other cases
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( 37 h -1 ) where a non-aromatic substituent is attached a t the 3 -pos it ion  

this absorption appears at 1654±6cnf.1 This observation c le a r ly  in d i ­

cates th a t  the C=N is in d irect conjugation with the substituent in the

3-posi t io n .

Also present 1n the i r  o f 37^and 4 £ i s  a broad resonance centered 

around 1200cm" 1 which correlates well with the O-C-O-C skeletal v ib ra ­

tions of the ring system. Nohira2 5  reported a band in the 1080-90cnf1 

region as c h a ra c te r is t ic  of 1,4 ,2 -d ioxazo les . In a l l  cases of 37 and 

48, except 37g where i t  is a single broad band, this band appears as a 

doublet between 1060 and 1105cm".1 Moore1* 9 fu rther  characterizes th is  

absorption as an acetal ether doublet.

The above characterizations, as well as the modified Lossen re ­

arrangement o f 37 to y ie ld  isocyanates, c le a r ly  define 37 as a member 

of the 1 ,4 ,2 -d ioxazo le  ring system.

In the reaction o f  both 44d_ and 44f with 1_ pure 37d and 37f were 

not is o la te d , but th e ir  presence in  the reaction mixture was determined 

from the AB quartet o f the -CH2- protons. The nmr of 37d also had reso­

nances a t  6 6.03 and 5.40ppm which correspond to fumerate and maleate 

vinyl protons respectively. Compound 37f had s im ilar resonances at  

6 5.96 and 5.47ppm. The fac t that the vinyl resonances are present 

indicates th a t  the reaction proceeds v ia  intermediate 47 and implies  

that the ortho substituent hinders the tautomerization50  which precedes 

the second addition or that i t  provides s te r ic  hindrance to the c y c l i -  

zation. I f  the reaction was in i t ia te d  by addition of the C-0H to 1_ 

then the ortho substituent should not hinder further cyc liza t io n  and 

the presence of vinyl protons would not be expected.
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The same results were also obtained in  the reaction o f 44m with 1_. 

In this case the "peri e ffec t"  can provide the hindrance to tautomeri- 

zation or c y c l iza t io n .

The mass spectral data presented here v e r ify  the previous assign­

ment of s tructu re  37 as a 1 ,4 ,2-d ioxazole. Table I I  l i s ts  the spectral 

data fo r  the compounds studied. The r e la t iv e  abundances are recorded 

as a percent re la t iv e  to the base peak.

A ll o f  the compounds studied had a parent molecular ion ( I )  of ex­

pected mass. The re la t iv e  abundances o f  these ions were proportional 

to the a b i l i t y  o f the R group to s ta b i l iz e  the positive charge. Com­

pound 37b, containing a para-methoxy group, had the most abundant 

molecular ion.

The prominent loss o f *C02CH3 (59 mass un its) and *CH2 C02 CH3 (73 

mass un its ) results in structures of type I I  and I I I  respective ly .

Mass Spectral Analysis of 1,4,2-Dioxazoles

I

,CH2 C02 CH3 CH2 C02 CH3 co2 ch3

R R

I I I I I
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TABLE I I  

Mass Spectra o f 37 and 48

37a 37b 37c

m/e Relative abundance m/e Relative abundance m/e Relative abundance 

279 5.3 309 14. 309 9.1

220 34. 250 13. 250 22.

205 5.1 236 3.6 236 2.9

119 6.2 149 21. 149 18.

105 14. 135 15. 135 11.

103 15. 133 23. 133 13.

101 100. 101 100. 101 100.
77 85. 76 9.4 76 8 .3

37e 37cj_ 37h

m/e Relative abundance m/e Relative abundance m/e Relative abundance

359(P+2) 4.8 324 2 . 6 285 3.0

357 4.6 265 31. 226 35.

298 23. 251 2.3 2 1 2 13.

284 2 . 2 205 11.3 125 1 1 .

197 1 0 . 150 4.3 111 8 . 2

183 1 2 . 148 5.2 109 9 .3

181 5.0 104 9.6 108 2.5

101 1 0 0 . 1 0 2 1 1 . 101 1 0 0 .

76 9.0 10 1 1 0 0 . 83 38.

76 •
oC

\l
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TABLE I I  (con tinued)

37i 37j 37k

m/e Relative abundance m/e Relative abundance m/e Relative abundance

293 2 . 8 307 2 . 6 217 1.4

234 40. 248 42. 158 48.

2 2 0 1 2 . 234 15. 144 9 .9

133 5.3 147 3.1 10 1 1 0 0 .

119 4.1 133 4.9 59 45.

117 6 . 2 131 5.8 57 35.

101 •OO

101 1 0 0 . 43 41.

91 42. 91 2 0 . 41 1 2 .

77 31. 77 34.

48

m/e R elative abundance 

221 8.8  

148 12.

119 24.

105 27.

103 100.

77 60.
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Fragment ions which are ind ica tive  o f the 1 ,4,2-dioxazole r ing  

system include m/e U S , 105, and 103 in the case o f 37a. The fragment 

ion at m/e 119 can be formed in several ways, but a l l  of the pathways 

provide isomers o f  the same elemental composition. Structures IV , V, 

and VI a l l  have m/e values of 119 fo r R = CgHs. Precise identification 

is ,  o f  course, impossible,

+ • +
R - N = C = 0  R — N == C =  0 R - C e N - 0 *

+•

IV  V VI

but the presence o f ion IV or V would be expected since the 1 ,4 ,2 -  

dioxazoles are known to y ie ld  isocyanates v ia  a thermal Lossen re ­

arrangement. 2 5  The ion corresponding to IV , V, or VI is present in  a l l  

cases o f  37 except 37q in which R = 3 -n itropheny l. This is probably 

due to the in a b i l i t y  of the n itro  group to s ta b i l iz e  the positive  

charge. The molecular ion in 37g also has the smallest re la t iv e  abund­

ance of a l l  the dioxazoles with an aromatic substituent in the 3- 

position ( 37a,b ,c ,e ) .

The acylium ion ( V I I )  is a resu lt  of the fragmentation of the ring  

system and is present in a l l  cases of 37. In 37a, where R = C5 H5 , th is  

ion is  at m/e 105. This ion is also found in  37g, but 37cj_ has an ion 

of greater r e la t iv e  abundance a t  m/e 104 which corresponds to the loss 

of *N02 (46 mass units) from V I I .  This increase in abundance is prob­

ably due to the scission of the destabalizing n itro  group.

R — C 5 0: R - C e N t

V II  V I I I
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Also or ig ina tin g  from the dioxazole structure  is the n i t r i l e  ion 

( V I I I ) .  This io n , l ik e  that o f  V I I ,  is found in  a l l  cases of 37_, ap­

pearing at m/e 103 in 37a. As with V I I ,  37q has an ion correspond!'ng 

to V I I I  which must have undergone the i n i t i a l  fragmentation of the 

nitro group to give a more abundant ion at m/e 1 0 2 .

The base peak of a l l  of the dioxazoles studied in class 37_ was at 

m/e 101. The fa c t  tha t this fragment is present in a l l  37/s c le a r ly  

indicates tha t i t  is not a function of the substituent in the 3-posi­

t ion , since varying this substituent has no e f fe c t  on the m/e 101  ion. 

This would ind icate  that this ion is a resu lt  o f  the ring system and/or 

the 5-position, both of which are not varied in  37_.

The only compound, whose spectrum was observed, which did not have 

an ion a t  m/e 101 was 48. Since 48_ is the only compound with a v a r ia ­

tion in the 5 -p o s it io n , i t  becomes evident th a t m/e 101 must in some 

way involve the pendent groups in  the 5 -pos it ion .

Further fragmentation o f ion I I  f u l f i l l s  the above fac ts ; the re ­

sulting ion (IX ) has a m/e 101. In 37a_ this fragmentation is fu rth e r

supported by a metastable ion a t  the calculated position o f m/e 46.4  

(m/e 220 -* m/e 101). Several other 37/s y ie ld  s im ila r  metastable ions, 

including 37c which has a metastable ion a t the calculated value of

+

I I IX
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m/e 40.8 (m/e 250 ■+ m/e 101). The spectrum of 48 contains a l l  the 

peaks in 37a except those a ttr ib u ted  to the loss o f carbomethoxy 

(s tructure  I I )  and i ts  daughter ion, IX. The loss o f 31 mass units was 

observed in nearly a l l  spectra, but i t s  re la t iv e  abundance was very 

low. This peak results from the loss of CH30* from the esters.
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EXPERIMENTAL SECTION

Melting points were determined between glass s l id e  covers on a 

Fisher-Johns block and are reported uncorrected in degrees centigrade.

In frared spectra were obtained in Nujol or the neat s ta te  with a 

Perkin-Elmer 257 spectrophotometer. Nmr spectra were recorded on 

either a Varian Associates A-60 or a Hitachi Perkin-Elmer Model R-20A 

spectrometer using tetram ethylsilane (TMS) as an in terna l standard.

Data are presented in the order 5 (m u lt ip l ic i ty ,  number o f protons, 

assignment).

Mass spectra were run by J. E. Rowe on a Hitachi Perkin-Elmer 

RMU-6 E double focusing sector mass spectrometer with a d ire c t  solids 

in le t  system. Spectra were obtained a t approximately 20°C below the 

melting or b o il in g  point a t  80 eV. Peak positions were assigned re la ­

t iv e  to peaks found in the fragmentation pattern of perfluorokerosene. 

Microanalyses were provided by Dr. G. I .  Robertson o f Florham Park,

New Jersey.

Isatoic anhydrides. The 5-ch loro isato ic  anhydride and the N-methylisa- 

to ic  anhydride were graciously provided by the Maumee Chemical Company, 

Toledo, Ohio.

Methyl 5 -ch loroanthran ila te  (42b, R9 =CH^). A mixture o f  25.0 g 

(0.13 mol) o f 5 -ch lo ro isato ic  anhydride and 0.1 g of NaOMe was added to 

200 ml o f  MeOH w ith  s t i r r in g .  The reaction temperature was raised to 

the boiling point with moderate evolution of C02. When the anhydride 

was consumed, in vacuo  evaporation o f  the MeOH yielded 20.0 g (8 6 %) of
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the ester. R ec rys ta ll iza t io n  o f  the solid from 100 ml of MeOH and 20 

ml of H20 gave pure 42b_ (R2=CH3):  mp 72-4°: l i t .  mp 7 6 ° .^

Ethyl N-meth.ylanthranilate (42c, R?=CHqCH?). A mixture of 79.0 g 

(0.45 mol) of N-methylisatoic anhydride and 0.1 g of NaOEt was added to  

250 ml of EtOH with s t i r r in g .  Evolution of C02 and solution of the 

anhydride at the b o ilin g  point were followed by in vacuo evaporation o f  

the solvent. The resu lting  o i ly  solid was re c ry s ta l l ize d  from Et0H/H20 

to afford 52.0 g (65%) o f  the pure ester: mp 35-8°: l i t .  mp 39° . 51

Ethyl 3-methoxybenzoate. A solution of 50.0 g (0 .33  mol) o f 3-methoxy- 

benzoic acid in  120 ml o f  abs. EtOH was saturated with HC1 gas a t re ­

f lux  for 24 hours. Evaporation of the EtOH y ie lded  an oil which was 

dissolved in CCl^. The CC1  ̂ solution was washed with three 50 ml por­

tions o f saturated NaHC03 and two 50 ml portions o f  H20 then dried over 

MgSOi*. Evaporation in vacuo  o f the CCl^ followed by vacuum d i s t i l l a ­

tion of the o i l  y ie lded 35.4 g (59%) o f  the pure ester: bp 77 -8° /0 .12  

Torr: l i t .  bp 158-60°/43 .5  T o rr ; 52  i r  ( th in  f i lm )  3100-2850 (C-H) and 

1725 cm" 1 (ester C=0); nmr ( DCC13) 6 7 . 8 - 6 .9 (m, 4 , Ar-H), 4.35 (q, 2, 

0=7.1 Hz, 0-CH2) ,  3 .78 (s ,  3, 0-CH3) ,  and 1.35 ppm ( t ,  3, 0=7.1 Hz, 

CH2 -CH3).

General Note on Hydroxamic Acid Syntheses. Although the chemical 

method fo r  production of the precursor hydroxamic acids was esse n tia lly  

identical in a l l  cases, the experimental procedures required consider­

able individual v a r ia t io n  in order to obtain the free  acids. In the 

in terest o f to ta l repro d u c ib il i ty  of this research by la te r  workers, 

each individual hydroxamic acid preparation is described, although
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tabular presentation would obviously be b r ie fe r .

5-Chloroanthranilohydroxamic acid (20b). A solution of 5.2 g (0.23  

mol) o f sodium in 150 ml o f MeOH was added to a solution o f 7.85 g 

(0.11 mol) o f hydroxyl amine hydrochloride in 100 ml of MeOH. The NaCl 

pre c ip ita te  was removed by vacuum f i l t r a t i o n .  2 1 . 0  g ( 0 . 1 1  mol) of 

42b ( R2 =CH3) were added to the f i l t r a t e .  The solution was heated on a 

steam-bath fo r  45 minutes, the MeOH was replenished to 250 ml volume, 

and the medium was cooled fo r  24 hours at 4°. Since very l i t t l e  pre­

c ip i ta te  formed, 2.6 g (0.11 mol) o f sodium in 75 ml of MeOH and 7.85 g 

( 0 . 1 1  mol) o f hydroxylamine hydrochloride were prepared as above; this  

solution was added to the 42b (R2 =CH3) and heated on a steam-bath for  

1 hour. The p rec ip ita te  formed by cooling the solution was removed by 

f i l t r a t i o n .  The f i l t r a t e  was again heated on a steam-bath with 2.6 g 

( 0 . 1 1  mol) o f sodium and the resulting so lid  was combined with the 

above to give 17.1 g (73%) o f  the sodium s a l t  o f  20b; i r  (Nujol mull) 

3370, 3280-3100 (N-H) and 1610 cm- 1  (hydroxamic acid C=0).

The sodium s a l t  was dissolved in 1.25 N HOAc and the p rec ip ita te  

was sublimed a t  115 ° /0 .01 Torr to y ie ld  12,9 g (62%) o f 20b: mp 152-4°; 

i r  (Nujol mull) 3490, 3400* 3320 (N-H), 3260-3100 (0 -H ), and 1620 cnr1 

(hydroxamic acid C=0).

Anal. Calcd. fo r  C7 H7 C1N2 02 : C, 45.06; H, 3.78; N, 15.01.

Found: C, 44.76; H, 3 .62; N, 14.83.

2-Meth.ylaminobenzohydroxamic acid (2 0 c ). A fte r  f i l t e r in g  the NaCl from 

a MeOH solution of 40.5 g (0 .58 mol) o f hydroxylamine hydrochloride and

35.0 g (0.87 mol) of NaOH, 52.0 g (0.29 mol) of 42c (R2 =CH3CH2) were
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added to the f i l t r a t e .  The solution was l e f t  a t  ambient temperature 

fo r  7 days and the pink solid sodium salt (36.5 g, 67%) was f i l te r e d :  

mp 177-80°; i r  (Nujol mull) 3410, 3300 (N-H) and 1620 cm- 1  (hydroxamic 

acid C=0).

The sodium s a lt  (20.0 9, 0.11 mol) was dissolved in 1.25 N HOAc and 

the resu lting p re c ip ita te , 17.0 g (94%), o f  the free  acid f i l t e r e d .  

R ecrysta lliza tio n  from 100 ml o f  hot ethyl acetate gave pure 20c: mp 

130-1°; i r  (Nujol mull) 3400-3200 (N-H and 0-H) and 1628 cm- 1 (hydrox­

amic acid C=0).

Anal. Calcd. for C8H1 0 N2 02 : C, 57.82; H, 6.07; N, 16.86.

Found: C, 58.10; H, 6.31; N, 16.63.

Benzyl o-aminobenzohydroxamate (4 3 ) . The method o f Mamalis, et a l . , 53  

was u t i l iz e d  to obtain a 90% y ie ld  of 43̂  with mp 103-6°. R ecrys ta ll i-  

zation from ethylacetate-petroleum ether gave pure 43: mp 104-5°: l i t .  

mp 1 0 4 -6 ° ;53 i r  (Nujol mull) 3420, 3340 (Primary N-H), 3160 (N-H), and 

1665 cm- 1  (hydroxamic acid C=0).

4-Methox,ybenzohydroxamic acid (44b ). Separate solutions of 38.6 g 

(0.56 mol) of hydroxylamine hydrochloride in 200 ml of MeOH, and of

47.0 g (0.83 mol) o f K0H in 100 ml of MeOH, were prepared a t the bo iling  

point of the solvent . 54  Both were cooled to 3°, and the K0H solution  

was added to the hydroxylamine solution; the temperature was maintained 

below 20°C by cooling in an ice bath. The precipitated KC1 was f i l ­

tered by suction and 50.0 g (0 .28  mol) of ethyl anisate were added with  

thorough shaking. A fter 48 hours a t ambient temperature the crystals  

were f i l t e r e d  and dried in a i r .  The y ie ld  was 37.9 g (65%) of the
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potassium s a l t ;  i r  (Nujol mull) 3250 (N-H) and 1690 cm- 1  (hydroxamic 

acid C=0).

A mixture o f  25.0 g (0 .12 mol) o f the potassium s a l t  in 120 ml of

1.25 N HOAc was s t ir re d  and heated un til a c lear solution was obtained. 

A fter cooling in  an ice bath, the crystals were suction f i l t e r e d  to 

y ie ld  18.0 g ( 8 8 %) of the product with mp 152-8°. R ecrysta llization  

from ethyl acetate y ielded pure 44b: mp 156-8°: l i t .  mp 156-7 °;55 i r  

(Nujol mull) 3280 (N-H), 3150-2400 (broad 0 -H ), and 1640 cm' 1 (hydrox­

amic acid C=0); nmr (1 :1 , DCC13 :DMS0-d5) 6 14.0 (braod s, 1, 0-H), 7.72  

(S, 1, N-H_), 7.82, 6.95 (AB quarte t, 4 , J=9.0 Hz, Ar-H[), and 3.85 ppm 

(S, 3, 0-CH3).

3-Methoxybenzoh.ydroxamic acid (4 4 c ) . A MeOH solution of 19.2 g (0 .28  

mol) o f  hydroxyl amine hydrochloride and 23.2 g (0.42 mol) o f K0H was 

prepared. 25.0 g (0.14 mol) of ethyl 3-methoxybenzoate were added to 

the f i l t r a t e  with shaking. A fte r  48 hours a t  ambient temperature 19.9 

g (70%) o f the potassium s a l t  were f i l t e r e d ;  i r  (Nujol mull) 3200 (N-H) 

and 1629 cm- 1  (hydroxamic acid C=0).

The potassium s a lt  (15 .0  g, 0.07 mol) was neutralized in 1.25 N 

HOAc to y ie ld  11.0 g (90%) o f 44c with mp 100-5° which was u t i l iz e d  

without fu r th e r  p u r i f ic a t io n ;  i r  (Nujol mull) 3450-2600 (N-H and 0-H) 

and 1645 cm' 1 (hydroxamic acid C=0); nmr (DMS0-d6) 6 12.5 (broad S, 1, 

0-H), 7.6 (S, 1, N-H), 7 . 8 - 6 .9 (m, 4, A r-H ), and 3.83 ppm (S, 3, O-CH3 ) .

2-Methoxybenzohydroxamic acid (44d ). A MeOH solution o f  42.0 g (0.60 

mol) of hydroxylamine hydrochloride and 49.0 g (0.90 mol) o f NaOMe was 

prepared. The NaCl was f i l t e r e d  and 50.0 g (0.30 mol) o f methyl
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2-methoxybenzoate were added to the f i l t r a t e  with shaking. Concentra­

tion o f the solution to one-th ird  volume (130 ml) y ie lded  31.8 g (56%) 

of the sodium s a lt ;  i r  (Nujol mull) 3160 (N-H) and 1640 (hydroxamic 

acid C=0).

Neutralization of the sodium sa lt (31.8 g, 0.18 mol) in 1.25 N

HOAc yie lded 22.3 g (79%) o f 44d. Recrysta lliza tion  from acetone-ether

y ie lded pure 44d: mp 128-30°: l i t .  mp 129-310 ;56 i r  (Nujol mull) 3360, 

3330 (N-H), 3140 (0 -H ), and 1639 cm- 1  (hydroxamic acid C=0).

4-Bromobenzohydroxamic acid (4 4 e ) . Ethyl 4-bromobenzoate (50.0 g,

0.22 mol) was added to the MeOH f i l t r a t e  of 30.4 g (0 .44  mol) of 

hydroxylamine hydrochloride and 26.2 g (0.66 mol) o f NaOH. A fter  

standing three weeks a t ambient temperature 8.5 g o f crysta ls  were 

f i l t e r e d .  Concentration to o n e - f i f th  volume (50 ml) y ie lded 34.2 g 

(combined y ie ld  81%) of the sodium s a lt :  mp>300°; i r  (Nujol mull) 3220 

(N-H) and 1615 cm- 1  (hydroxamic acid C=0).

N eutralization of 25.0 g (0.11 mol) o f the sodium s a l t  in 1.25 N 

HOAc y ie lded 19.6 g (8 6 %) of 44e. Recrysta llization from ethyl acetate

y ie lded pure 44e: mp 190-1°: l i t .  mp 190-190.5°;57 i r  (Nujol mull) 3290

(N-H), 3100-2600 (broad 0-H) and 1645 cm- 1  (hydroxamic acid C=0).

2-Bromobenzohydroxamic acid ( 4 4 f ) . The same procedure as 44e was 

u t i l iz e d  with 50.0 g (0.22 mol) o f ethyl 2-bromobenzoate to y ie ld  38.0 

g (72%) of the sodium s a l t  o f 44 f;  i r  (Nujol mull) 3200 (N-H) and 1610 

cm- 1  (hydroxamic acid C=0).

The sodium s a lt  (25.0 g, 0.11 mol) was neutralized in 1.25 N HOAc 

to y ie ld  15.3 g (6 8 %) o f 4 4 f . R ecrysta lliza tion  from ethyl acetate
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yielded pure 4 4 f : mp 174-6°: l i t .  mp 178-80°;55 i r  (Nujol mull) 3225 

(N-H and 0-H) and 1630 cm- 1  (hydroxamic acid C=0).

3-Nitrobenzohydroxamic acid (44g). A fte r  f i l t e r i n g  the NaCl from a 

MeOH solution of 35.5 g (0.51 mol) o f hydroxylamine hydrochloride and 

30.8 g (0 .77 mol) of NaOH, 50.0 g (0.26 mol) o f  ethyl 3-nitrobenzoate  

were added to the f i l t r a t e  with shaking. 34.7 g (67%) of the sodium 

s a lt  were f i l t e r e d  o f f  a f te r  48 hours contact; i r  (Nujol mull) 3420 

(N-H) and 1622 cm- 1  (hydroxamic acid C=0).

N eutra liza tion  of 25.0 g (0.12 mol) o f the sodium s a l t  with 1.25 N 

HOAc y ie lded  a waxy product. On re c ry s ta l l iz a t io n  from water a t pH 6 

i t  y ie lded 18.0 g (81%) o f  pure 44q: mp 144-6°: l i t .  mp 145°;58 i r  

(Nujol mull) 3380 (N-H), 3165 (0-H), 1645 (hydroxamic acid C=0), and 

1520, 1355 cm" 1 (N -0).

C.ycl oh exyl hydroxamic acid (44h). An EtOH solu tion of 44.5 g (0.64 mol) 

of hydroxylamine hydrochloride and 15.0 g (0 .65  mol) o f  sodium metal 

was prepared. A fte r  removal of the NaCl and addition o f  50.0 g (0.32  

mol) o f ethyl cyclohexanecarboxylate to the f i l t r a t e ,  i t  was allowed to 

stand a t  ambient temperature for 72 hours and then treated with 7.1 g 

(0.31 mol) of sodium. A fter  24 hours standing, the solution deposited

36.0 g ( 6 8 %) of the sodium s a lt ;  i r  (Nujol m ull) 3230 (N-H) and 1632 

cm" 1 (hydroxamic acid C=0).

The sodium s a l t  (20.0 g, 0.14 mol) was neutra lized  in 1.25 N HOAc 

to y ie ld  12.3 g (62%) of 44h. R ecrysta llization  from MeOH yielded the 

purified  acid: mp 125-8°: l i t .  mp 131-2°;59 i r  (Nujol mull) 3200 (broad 

N-H and 0-H) and 1630 cm- 1  (hydroxamic acid C=0).
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Phenyl acetoh.ydroxamic acid ( 4 4 i ) . Ethyl phenyl acetate (60.0  g, 0.37  

mol) was added to the MeOH f i l t r a t e  o f 51.0 g (0.73 mol) of hydroxyla­

mine hydrochloride and 44.0 g (0.10 mol) o f NaOH. No crystals were 

formed during three weeks standing a t  room temperature. Evaporation of 

the MeOH in vacuo  gave 58.2 g (92%) o f  the sodio s a lt :  mp >300°; i r

(Nujol mull) 3250 (N-H) and 1630 cm- 1  (hydroxamic acid C=0).

N eu tra liza tion  o f  30.0 g (0.17 mol) o f the sodium s a l t  w ith 1.25 N

HOAc yielded 20.1 g (77%) of 44i on subsequent re c ry s ta l l iz a t io n  from

ethyl acetate: mp 138-40°: l i t .  mp 1 4 3 -4 ° ;55 i r  (Nujol mull) 3200 

(broad N-H and 0-H) and 1632 cm" 1 (hydroxamic acid C=0); nmr (DMS0-d6)

6 9.75 (S, 2, exchangeable N-H_ and 0 -H ) ,  7.31 (S, 5, Ar-H), and 3.30 

ppm (S, 2, Ar-CH2).

Anal. Calcd. fo r  C8H9N02 : C, 63.56; H, 6.00; N, 9.27.

Found: C, 63.62; H, 6 .20; N, 8.99.

g-Phen.ylpropionoh.ydroxamic acid ( 4 4 j ) . Ethyl p-phenylpropionate (50.0  

g, 0,28 mol) was added to the MeOH f i l t r a t e  of 39.0 g (0.56 mol) of 

hydroxylamine hydrochloride and 33.7 g (0 .84  mol) of NaOH. No crystals  

had prec ip ita ted  a f te r  72 hours and evaporation in vacuo  yie lded 45.3 g 

(8 6 %) of the sodium s a l t ;  i r  (Nujol m ull) 3220 (N-H) and 1630 cm- 1  

(hydroxamic acid C=0).

The sodium s a l t  (20.0 g, 0.12 mol) was neutralized in 1.25 N HOAc 

to y ie ld  12.2 g (70%) o f 44j . R ecrys ta ll iza tio n  from benzene yielded  

pure 4 4 j : mp 78-80°: l i t .  mp 78°;60a i r  (Nujol mull) 3200-2800 (broad 

N-H and 0-H) and 1630 cm- 1  (hydroxamic acid C=0).
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Acetohydroxamic acid (44k). Ethyl acetate (40.0 g, 0.45 mol) was added 

to the EtOH f i l t r a t e  o f 63.1 g (0.91 mol) o f  hydroxylamine hydrochlor­

ide and 20.0 g (0.91 mol) o f sodium metal. A fte r  48 hours 10.4 g (0.45  

mol) o f  m e ta l l ic  sodium were added and the mixture maintained a t  4°C 

fo r  48 hours. Evaporation of the solvent in vacuo  yielded 42.1 g (95%) 

of product. This s a lt  was extremely hydroscopic and was therefore  

stored in a vacuum oven; i r  (Nujol mull) 3240 (N-H) and 1620 cm- 1  

(broad C=0).

N eu tra liza tio n  of 20.0 g (0.21 mol) o f the s a lt  with 1.25 N HOAc 

solution ( in  EtOH) y ie lded 7.9 g o f NaOAc and evaporation o f  the 

ethanolic f i l t r a t e  gave a solid  with mp 120-30°. A fte r  Soxhlet extrac­

tion of the s o lid  fo r  72 hours with ethyl acetate, crysta ls  were ob­

tained from the solvent; y ie ld  3.5 g (22%) o f pure 44k: mp 88-90°: l i t .  

mp 8 4 -6 ° ;51 i r  (Nujol mull) 3280-2500 (broad N-H and 0-H) and 1640 cm- 1  

(broad hydroxamic acid C=0).

Propionohydroxamic acid (441). A MeOH solution of 23.5 g (0 .34 mol) of 

hydroxylamine hydrochloride and 28.6 g (0.51 mol) o f K0H was prepared. 

F i l t r a t io n  removed the KC1 and 30.0 (0 .17 mol) of 6 -phenylethyl pro­

pionate were added to the f i l t r a t e .  Storage a t  room temperature for 9 

days, and subsequent evaporation of the MeOH produced a semi-solid  

which upon treatment with cyclohexane y ie lded 12.2 g (58%) o f the 

potassium s a l t ;  i r  (Nujol mull) 3220 (N-H) and 1630 cm- 1  (hydroxamic 

acid C=0).

The potassium s a l t  (5 .0  g, 0.04 mol) was treated with 1.25 N HOAc, 

but no hydroxamic acid was recovered. Therefore, 5.0 g (0 .04  mol) o f  

the potassium s a l t  in MeOH were treated with 2.46 g (0 .04 mol) of
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g lac ia l HOAc. This technique produced an insoluble by-product (un­

id e n t i f ie d )  and the f i l t e r e d  MeOH solution o f the hydroxamic acid was 

employed for fu r th e r  reaction without is o la tin g  the free  acid.

Terephthalohydroxamic acid (44n). Diethyl terephthalate (25.0 g, 0.11 

mol) was added to the MeOH f i l t r a t e  of 23.4 g (0.34 mol) o f hydroxyla­

mine hydrochloride and 31.4 g (0.56 mol) o f  KOH. The crystals which 

formed in 10 minutes were f i l t e r e d  o f f  to y ie ld  27.8 g (93%) o f  the 

dipotassium s a l t ;  i r  (Nujol mull) 3240 (N-H) and 1605 cm- 1  (hydroxamic 

acid C=0).

N eutra lization  o f  15.0 g (0.06 mol) o f  the dipotassium s a l t  with

1.25 N HOAc gave 10.0 g (81%) of the free acid: mp 228-30°: l i t .  mp 

232;50i> i r  (Nujol mull) 3300 (N-H), 3140-2400 (broad 0 -H ), and 1640 

cm- 1  (broad hydroxamic acid C=0).

2-Carbomethoxy-2-carbomethoxymethyl-3-hydrox.y-2,3-dihydro-4(lH)- 

quinazolinone (2 1 a ). A solution of 5.0 g (33 .0  mmol) o f 20a_ in 50 ml 

of MeOH was treated with 4.65 g (33.0 mmol) o f  1_ in small portions. 

A fte r  heating on a steam-bath fo r  20 minutes the medium was cooled for  

24 hours. Concentration of the reaction mixture in vacuo  provided a 

viscous brown o i l  which when t r i tu ra te d  with acetone-cyclohexane 

c rys ta ll ize d  to 7.79 g (82%) o f  product with mp 145-8°. R ecrysta lliza -  

t ion  from acetone-cyclohexane yielded pure white 21a: mp 151-2°; i r  

(Nujol mull) 3340 (N-H), 3240 (0 -H ), 1735 (es te r  C=0) and 1660 cm-i 

(c yc lic  hydroxamic acid C=0); nmr (DCC13) 6 9 .0  (broad S, 1, N-H_ or 

0-H) 7.91-6.65 (m, 4 , A r-H ), 6.36 (S, 1, 0-H or N-H), 3.80 (S, 3, 

O-CH^), 3.73 (S, 3, O-CH3 ) ,  and 3.63, 3.13 ppm (AB quarte t, 2, J=16.0 

Hz, -CH2 -C0).
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Anal. Calcd. fo r  C1 3H1 i+N2 06: C, 53.06; H, 4 .80; N, 9 .52.

Found: C, 52.98; H, 4 .74; N, 9.72.

2 - Carbomethoxy-2-carbomethoxymethyl-3-hydroxy-6-chloro-2,3-dihydro-4

(lH)-quinazolinone (2 1b ). Following the above procedure, 9 .78 g (52.0  

mmol) of 20b and 7.42 g (52.0 mmol) o f l_were reacted in 75 ml o f MeOH. 

T r itu ra t io n  of the resu lt ing  o i l  y ie lded 14.1 g (82%) of the product 

with mp 160-2°. R ecrysta lliza tio n  yielded white crystals o f 21b: mp 

176-8°; i r  (Nujol mull) 3360, 3320, 3290 (N-H and 0-H), 1748 and 1730 

(es ter  C=0), and 1660 cm- 1  (cyc lic  hydroxamic acid C=0); nmr ( DCC13)

6 9.66 (broad S, 1, N-H or 0 -H ), 7 .80-6.65 (m, 3, A r-H ), 6.90 (S, 1,

0-H or N-H), 3.74 (S, 3, 0-CH3) ,  3.71 (S, 3, 0-CH3) ,  and 3 .45 , 3.11 ppm 

(AB quarte t, 2, J=16.0 Hz, -CH2 -C0).

Anal. Calcd. fo r  C ^ ^  3C1N206 : C, 47.50; H, 3.99; N, 8 .52.

Found: C, 47.65; H, 3 .92; N, 8.47.

Attempted reaction of 2-methyl aminobenzohydroxamic acid, 20c, with 1. 

Equimolar quantities (50 .0  mmol) o f 20c and 1_ were reacted as above to 

y ie ld  a dark brown viscous o i l  which could not be s o lid i f ie d  by t r i t u ­

ra tio n . This o i l  showed m ultip le  resonances in  the N-CH3 region. Since 

attempted p u rif ica t io n  was unsuccessful the o i l  was refluxed fo r  72 

hours in xylene with a c a ta ly t ic  amount of NaOMe. Cooling to room 

temperature did not y ie ld  a p rec ip ita te  and forced p rec ip ita tion  with  

petroleum ether yielded an amorphous powder. This product could not be 

p u rif ie d  to y ie ld  the desired 2 1 c .

Reaction o f benzyl o-ami nobenzoh.ydroxamate, 43, with 1 . Equimolar 

quantit ies  (41.3 mmol) o f  43 and 1_ reacted s l ig h t ly  exothermally upon
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mixing in 60 ml of MeOH. Refluxing fo r  45 minutes and concentration in 

vacuo yielded a viscous brown o i l  which had a strong almond odor of  

benzaldehyde. T r itu ra t io n  with MeOH afforded 4 .5  g of so lid  m ateria l.  

R ecrysta lliza tion  from MeOH gave pure white crysta ls  of ] ]_  (R=H): mp 

148-9°: l i t .  mp 149-50°;10 the i r  and nmr were also identical with 

pure 1_7 (R=H).

Reader Note: In the following experimental procedures compounds in ­

dicated by numeral 44a-m are the corresponding hydroxamic acids shown 

on p a g e l9 o f  th is  d isserta tion .

3-Phenyl-5-carbomethoxy-5-carbomethox.ymeth.yl-l ,4 ,2 -d ioxazo le  (37 a ).

A solution o f  5.0 g (36.5 mmol) o f 44a in MeOH (ca. 100 mmol/100 ml) 

was treated with 5.2 g (36.5 mmol) o f 1_. Heating on a steam-bath for  

30 minutes gave a dark blue solution and concentration in vacuo  pro­

vided a dark blue o i l .  The o i l  was taken up in CC1  ̂ and washed with 

four 50 ml portions of d is t i l le d  H2 0. The CC1  ̂ layer was separated, 

dried over MgSO ,̂ concentrated in vacuo  to a c le a r  yellow o i l ,  and 

vacuum d is t i l le d  to y ie ld  8.15 g (80%) of pure 37a: bp 154-6 ° /0 .5  Torr: 

n ^ l . 5 1 8 2 ;  i r  (neat) 3100-2860 (C-H), 1750 (broad ester C=0), 1630

(C=N), and 1100, 1080 cm- 1  (O-C-O doublet); nmr ( DCC13) 6 7 .8 -7 .3  (m,

5, Ar-H), 3.86 (S, 3, 0 -CH3 ) ,  3.73 (S, 3, O-CH3 ) , and 3 .44 , 3.27 ppm 

(AB quartet, 2, J=17.0 Hz, -CH2 -C0).

Anal. Calcd. for C1 3 H1 3 N06: C, 55.91; H, 4 .70; N, 5.02.

Found: C, 55.81; H, 4.61; N, 4.97.

The higher boiling fractions o f the d i s t i l l a t e  (bp 165-70°/0 .6  

Torr) displayed an i r  band a t  2260 cm" 1 identica l with N=C=0 in  

authentic phenylisocyanate.
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When the CC1  ̂ layer was separated from the H20 layer a f locculent  

solid  was present. F i l t r a t io n  yielded 0.6 g o f  th is  solid (46): mp 

170-3°: l i t .  mp 176-7°;45 i r  (Nujol mull) 3300 (broad N-H), 1750 (C=0), 

and 1650 cm- 1  (0=0). R ecrysta lliza tion  o f  th is  so lid  from CHCl3/MeOH 

yielded 1,3-diphenyl urea: mp after recrystallization from 95% EtOH was 

2 3 5 -7 ° .45 A mixed mp with an authentic sample o f  diphenyl urea gave no 

depression.

On standing several days the blue color o f  the H20 disappeared. 

Concentration to 40 ml y ie lded 0.2 g of benzoic acid: mp 119-20°: mixed 

mp 1 2 0 ° .

3-(4-Methoxyphenyl)-5-carbomethox.y-5-carbomethoxymeth.yl-l,4,2- 

dioxazole (37b). U t i l iz in g  the above procedure, 5.83 g (34.9 mmol) of 

44b were reacted with 4.95 g (34.9 mmol) o f 1_ to y ie ld  9.8 g (90%) of a 

yellow o i l .  On standing the o i l  s o l id i f ie d .  R ecrys ta lliza tio n  from 

EtOH gave pure white 37b: mp 50-1°; i r  (Nujol mull) 1750, 1735 (ester  

C=0), 1631 (C=N), and 1103, 1088 cm" 1 (O-C-O doublet); nmr ( DCC13)

6 7 .76, 6.95 (AB quartet, 4, J=9.0 Hz, Ar-H), 3.86 (S, 6 , 0-CH3) , 3.75 

(S, 3, 0-CH3) ,  and 3.43, 3.23 ppm (AB quarte t, 2, J=17.0 Hz, -CH2 -C0).

Anal. Calcd. for C11+H1 5 N07: C, 54.37; H, 4 .89; N, 4.53.

Found: C, 54.65; H, 5.09; N, 4.72.

3-(3-Mathox,yphenyl )-5-carbomethoxy-5-carbomethoxymethyl -1 ,4 ,2 -  

dioxazole (37 c ). 44c (10.0 g, 60.0 mmol) was reacted with 8.5 g (60.0

mmol) o f 1_ as above to y ie ld  12.1 g ( 6 6 %) of a c lear o i l .  An a n a ly t i ­

cal sample was prepared by two methods. One was prepared by washing 

the CC1  ̂ layer with three 50 ml portions o f d is t i l le d  H20, twice
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heating with N orit  A, and drying over MgS04. Concentration in vacuo
21

and f in a l  drying o f  the o i l  gave an analytical sample with no =1 .5221 . 

Vacuum d is t i l la t io n  of the above analytical sample also yielded pure 

37c: bp 12070.1  Torr; i r  (neat) 3080-2840 (C-H), 1755 (broad ester  

C=0), 1532 (C=N), and 1105, 1080 cm" 1 (O-C-O doublet); nmr (DCC13)

5 7 .4 -6 .8 5  (m, 4, Ar-H), 3.83 (S, 3, O-CH3 ) ,  3.80 (S, 3, O-CH3 ) ,  3.70 

(S, 3, 0 -CH3 ) ,  and 3.39, 3.21 ppm (AB quartet, 2, 0=16.5 Hz, -CH2 ”00).

Anal. Calcd. for  C^H^NCy: C, 54.37; H, 4.89; N, 4.53.

Found: C, 54.25; H, 4.80; N, 4.37.

Attempted synthesis of 3-(2-methoxyphen.yl )-5-carbomethox,y-5-carbo- 

methox.ymethyl-1,4,2-dioxazole (37d). Equimolar quantities (120 mmol) 

of 44d and 1_ were reacted as above. The yellow o i l  obtained on in 

vacuo  concentration of the CCl^ layer showed N-H and 0-H absorption 

bands a t 3200 cm"1. The nmr ( DCC13) had resonances a t  6 10.2 (N-H_or 

0-H ), 6 .03 and 5.40 (v in y l ic  H_) ,  4 .0 -3 ,7  (m, 0-CH_3) and 3.41, 3.19 ppm 

(AB quarte t, J=17.2 Hz, -CH2 -C0). These resonances indicated a mixture 

of open adducts and 1,4,2-d ioxazole  (37d). Attempted vacuum d i s t i l l a ­

tion produced an intense isocyanate absorption a t  2280 cm- 1  in a l l  

frac tions . Thin layer chromatography on Baker-flex s i l i c a  gel 1B-F 

(80 benzene/20 CHC13) resulted in four d is t in c t  spots with Rf values of  

6 .0 , 7 .1 ,  8 .4 , and 9 .2 .

3-(4-Bromophen.yl )-5-carbomethoxy-5-carbomethoxymethyl-l ,4 ,2 -  

dioxazole (37e). Equimolar quantities (44.6 mmol) o f 44e and 1_ were 

refluxed in 80 ml o f MeOH fo r  72 hours. The reaction mixture was con­

centrated in vacuo to a yellow o i l ,  which on standing precipitated a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



56

s o lid  in the o i l  phase. A CC1  ̂ solution o f  the o i l  was f i l te re d  to 

y ie ld  0.45 g of 44e. The f i l t r a t e  was treated as in 37c to y ie ld  13.2 

g (83%) of 37e: n ^ l . 5 4 5 0 ;  i r  (neat) 3030-2920 (C-H), 1750 (broad 

ester C=0), 1630 (C=N), and 1095, 1072 (O-C-O doublet); nmr (DCC13)

6 7 .72, 7.61 (AB quartet, 4, J=9.0, Ar-H), 3.85 (S, 3, O-CH3 ), 3.73 

(S, 3, 0-CH_3) ,  and 3.40, 3.08 ppm (AB q u arte t, 2, J=16.5, -CH2 -C0).

Anal. Calcd. for  C1 3 Hi2 BrN0 5 : C, 43.60; H, 3.38; N, 3.91.

Found: C, 43.78; H, 3.66; N, 4.01.

Attempted synthesis of 3-(2-bromophenyl )-5-carbomethoxy-5-carbomethoxy- 

meth.yl-1,4,2-dioxazole ( 3 7 f ) . Equimolar quantities (71.5 mmol) o f 44f 

and 1_ were refluxed fo r  72 hours in  100 ml of MeOH. Work up of the re ­

action mixture produced 0.3  g of the s ta rt in g  acid (4 4 f ) and a yellow  

o i l .  The o il showed N-H and 0-H absorption a t  3230 cm'1. The nmr 

( DCC13) had the expected dioxazole resonances plus 6 5.96 and 5.47 ppm 

(v in y l ic  H_). Attempted vacuum d i s t i l la t io n  led to an isocyanate ab­

sorption at 2270 cm" 1 in a l l  fractions . Also washing the CC1  ̂ layer  

with a saturated NaHC03 solution afforded an o i l  containing the desired 

dioxazole contaminated with other N-H and 0-H containing products.

3-(3-N i trophenyl )-5-carbomethox,y-5-carbomethoxymeth.y1- 1 ,4 ,2 -  

dioxazole (37g). Equimolar quantities (71.5 mmol) o f 44g and 1_ were 

s t ir re d  in a MeOH solution for 24 hours. Concentration of the reaction  

mixture in vacuo  followed by vacuum d i s t i l la t io n  yielded 10.5 g (45%) 

of pure 37cj_: bp 145-8°/0 .1 Torr: n ^ l . 5 3 3 7 ;  i r  (neat) 3100-2860 (C-H), 

1755 (broad ester C=0), 1630 (C=N), 1540 and 1350 (N -0), and 1080 cm" 1 

(broad 0-C-0); nmr (DCC13) 5 9 .4 -7 .5  (m, 4, Ar-H ), 3.86 (S, 3, O-CHg), 

3.73 (S, 3, O-CH^), and 3.40, 3.17 ppm (AB quarte t, 2, J=16.5, -CH2 -C0 ) .
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Anal. Calcd. fo r  C1 3 H12 N20e: C, 48.15; H, 3.73; N, 8.64.

Found: C, 48.29; H, 3.75; N, 8.60.

3-C,yclohex.yl -5-carbomethoxy-5-carbomethox.ymeth.yl - 1 , 4 , 2-dioxazol e ( 37h). 

Equimolar quantit ies  (80.5 mmol) o f 44h and 1_ were reacted in 100 ml of 

MeOH and s t i r r e d  without heating fo r  24 hours, in vacuo  concentration 

yielded 1.0 g o f  44h and a dark blue o i l .  Product iso la tion  as in 

previous experiments yielded 17.5 g (76%) o f  37h. Vacuum d is t i l la t io n  

gave pure 37h: bp 123-5°/0.04 Torr: n2D1=l .4687; i r  (neat) 3000-2860 

(C-H), 1755 (broad ester C=0), 1648 (C=N), and 1080, 1070 cm’ 1 (O-C-O 

doublet); nmr (DCC13) 5 3.86 (S, 3, O-CH3 ) ,  3.74 (S, 3, 0-CH3) ,  3.35,

3.10 (AB q u a r te t ,  2, J=16.5 Hz, -CH2 -C 0 ) ,  and 2 .1 -1 .1  ppm (m, 11, 

cyclohexyl-H_).

Anal. Calcd. fo r  C13H1 9 N06: C, 54.73; H, 6.71; N, 4 .91 .

Found: C, 54.58; H, 6.77; N, 4.93.

3-Benzyl-5-carbomethoxy-5-carbomethoxymethyl-l ,4 ,2-d ioxazole  (3 7 i ) . 

Equimolar quantit ies  (19.9 mmol) of 44i and 1_ were refluxed in 30 ml of 

MeOH fo r  1 hour. Work up of the reaction mixture as in 37a yielded a 

yellow o il  (74%). Vacuum d is t i l la t io n  gave pure 3 7 i : bp 161-3°/0 .3  

Torr; i r  (neat) 3060-2900 (C-H), 1750 (broad ester C=0), 1650 (C=N), 

and 1080, 1060 cm- 1 (O-C-O doublet); nmr ( DCC13) 6 7.35 (S, 5, Ar-H), 

3.80 (S, 3, O - C H 3 ) ,  3.73 (S, 2,Ar-CH2- ) ,  3.65 (S, 3, O-CIHg) and 3.29,

3.10 ppm (AB quarte t, 2, J=17.0 Hz, -CH2 -C0).

Anal. Calcd. fo r  C1itH1 5 N06: C, 57.33; H, 5.16; N, 4 .78.

Found: C, 57.22; H, 5 .35; N, 4.62.
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3-(e-Phenylethyl )-5-carbomethoxy-5-carbomethoxymeth,yl-1 ,4 ,2 -

58

dioxazole ( 3 7 j ) . Equimolar quantities (54.5  mmol) of 44£ and 1_ were 

s t ir re d  without heating fo r  24 hours in 50 ml o f MeOH. The reaction  

mixture was treated as in 37a. Vacuum d i s t i l l a t io n  led to considerable 

decomposition of the product. Therefore a CC\ solution of the o i l  was 

washed two more times with 50 ml portions o f H2 0, concentrated in vacuo 

and thoroughly dried to y ie ld  79% of the pure 37j : n^1=l .5032; i r  

(neat) 3080-2860 (C-H), 1755 (broad ester C=0), 1650 (C=N), and 1085, 

1060 (O-C-O doublet); nmr (DCC13) 6 7.20 (S, 5, A r-H ), 3.78 (S, 3, 

O-CHg), 3.65 (S, 3, O-CH3 ) ,  3.27, 3.03 (AB q u arte t ,  2, J=17.0, -CH2 

-CO) and 3 .1 -2 .5  ppm (m, 4, -CH2 -CH2- ) .

Anal. Calcd. fo r  C1 5 H1 7 N05: C, 58.63; H, 5 .58 ; N, 4.56.

Found: C, 58.56; H, 5.53; N, 4.73.

3-Hethyl-5-carbomethoxy-5-carbomethox,ymethyl-l ,4 ,2 -d ioxazo le  (37k). 

Equimolar quantities (37.8 mmol) of 44k and 1_ were refluxed for 2 hours 

in 25 ml of MeOH. Treatment of the reaction mixture in the same manner 

as 37j y ie lded 5.65 g (69%) o f pure 37k: bp 7 7 -9 ° /0 .0 7  Torr; i r  (neat) 

3010-2860 (C-H), 1755 (broad ester C=0), 1660 (C=N), and 1085, 1070 

cm' 1 (O-C-O doublet); nmr (DCC13) 6 3.86 (S, 3, O-CH3 ) ,  3.73 (S, 3, 

0-CH_3) ,  3.36, 3.11 (AB quartet, 2, J=16.5 Hz, -CH2 -C 0), and 2.10 ppm 

(S, 3, -CH3).

Anal. Calcd. fo r  CeHnNOg: C, 44.24; H, 5 .11; N, 6.45.

Found: C, 44.15; H, 5.22; N, 6.45.
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3-Eth.yl-5-carbomethoxy-5-carbomethoxymethyl-l,4,2-dioxazole (371). 

Equimolar quantities  (4.93 mmol) o f  441 and 1_ were s t ir re d  fo r  24 hours 

in 20 ml of MeOH. Treatment o f the reaction mixture in  the same manner 

as above, gave a 73% y ie ld  o f pure 371: n^1=l .4461; i r  (neat) 3000-2860 

(C-H), 1750 (broad ester C=0), 1655 (C=N), and 1080, 1060 cm' 1 (O-C-O 

doublet); nmr (DCC13) 6 3.83 (S, 3, 0-CH3) ,  3.70 (S, 3, O-CH^), 3.34,3.09 

(AB quartet, 2, J=16.5 Hz, -CH2 -C0), 2.41 (q, 2, J=7.5 Hz, CH3 -CH2- ) , .  

and 1.23 ppm ( t ,  3, J=7.5 Hz, -CH2 -CH_3 ) .

Anal. Calcd. fo r  C9 H1 3 N06 : C, 46.75; H, 5 .67; N, 6.06.

Found: C, 47.02; H, 5.58; N, 5.95.

B is-para-di-[5-carbomethoxy-5-carbomethoxymethyl-3-(l,4 ,2-dioxazolo)]-  

benzene (37n ). A MeOH solution o f  10.0 g (51.0 mmol) of 44n_ and 14.48 

g (102 mmol) o f  1_ was s t ir re d  fo r  48 hours while a p re c ip ita te  formed. 

F i l t ra t io n  of the solid gave 14.2 g (58%) of product with mp 110-2°. 

R ecrysta lliza tion  from MeOH afforded pure white 37n: mp 112-4°; i r  

(Nujol mull) 1752, 1732 (ester C=0), 1632 (C=N), and 1105, 1085 cm" 1 

(O-C-O doublet); nmr (DCC13) 5 7.86 (S, 4, Ar-H), 3.83 (S, 6 , 0-CH3) ,  

3.70 (S, 6 , 0 -CH3 ) ,  and 3.42, 3,21 ppm (AB qu arte t, 4 , J=17.0 Hz, -CH2 " 

CO).

Anal. Calcd. fo r C2 0 H2 0 N2 0 12: C, 50.00; H, 4 .20 ; N, 5.83.

Found: C, 49.94; H, 4.06; N, 5.74.

Attempted synthesis of 3-(l-naphtho)-5-carbomethoxy-5-carbomethoxy- 

m ethyl-1,4,2-dioxazole (37m). Equimolar quantities  (43 .0  mmol) o f 44m 

and 1_ were refluxed 1 hour in 50 ml o f MeOH, then s t i r r e d  24 hours a t  

ambient temperature. Because acid could s t i l l  be detected in  the
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medium the reaction mixture was refluxed an additional 24 hours with 

0.1 g of NaOMe added. Concentration in vacuo  yielded an o i l  which 

showed NH and OH bands in the i r  and vinyl H plus the dioxazole reso­

nances in .th e  nmr. Attempted separations were unsuccessful and vacuum 

d is tilla t io n  led to decomposition products including the isocyanate.

3-Phen,yl-5-carbomethoxymeth.yl-l ,4 ,2-d ioxazole (4 8 ) . Equimolar quanti­

t ies  (73.0 mmol) o f 44a and methyl propiolate were refluxed fo r  24 

hours in 70 ml of MeOH. Work up as in 37a_ yielded 76% of 48. Vacuum 

d is t i l l a t io n  gave pure 48: bp 134-6°/0 .6  Torr: np1=1.5344; i r  (neat) 

3060-2900 (C-H), 1745 (ester C=0), 1630 (C=N), and 1100, 1080 (O-C-O 

doublet); nmr (DCC13) 6 8 .0 -7 .2  (m, 5, Ar-H), 6.51 ( t ,  1, J=5.5 Hz, 

:CH-CH2- ) ,  3.76 (S, 3 , 0-CH3) ,  and 2.95 ppm (d, 2, J=5.5 Hz, -CH2 -CHC).

Anal. Calcd. fo r  CnHnNOi*: C, 59.72; H, 5.01; N, 6 .33.

Found: C, 59.94; H, 5 .02; N, 6 .52.
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Part I I  

HYDRAZIDE PRECURSORS
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INTRODUCTION

Acetylenic esters have been found to undergo nucleophilic addi­

tions with a va rie ty  of nucleophiles. Nucleophiles such as th io la te s , 1 

alkoxides , 2  and phenoxides3 undergo a Michael-type reaction y ie ld ing  

1 : 1  adducts or products indicating a previous 1 : 1  adduct formation.

The Michael addition of primary, secondary and te r t ia ry  amines has 

been well documented. The stereochemistry o f  these additions has re ­

cently been studied by D o l f in i4 and Huisgen. 5

The stereochemistry o f  additions o f th io l ic  nucleophiles has been 

c a re fu l ly  studied by Truce1 who has developed a "Rule o f Trans- 

Nucleophilic Addition" in such cases.

D o l f in i1* studied the reaction of equimolar ra tios  of dimethyl 

acetyl enedi carboxyl ate ( 1_) and a z ir id in e  ( 2_) in methanol at room temp­

erature . Nmr analysis o f  the product

mixture revealed th a t the trans ester (3) comprised 67% of the product 

and the cis ester (£ ) ,  33%.

When the same reaction was run changing the solvent to dimethyl 

sulfoxide the product mixture contained 95% cis ester (4) and only 5%

co2 ch3

Ic ch30 2 cx
N-H + Itc C02 CH3

co2 ch3

2 3 4
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o f the trans ester ( 3 ) .  An important point not considered by previous 

authors was the non-isomerization of the cis or trans ester under the 

reaction conditions.

The formation of the zw itte r io n ic  intermediate 5> can account fo r  

the difference between the course of amine addition in  dimethyl sulfox­

ide and that in methanol. The common

zw itte r io n ic  intermediate (5_) can pick up a proton in te rn a lly  from the 

attacking nucleophile, resulting in the formation of the cis ester (4) 

or externa lly  from the solvent to give the trans addition product (3 ) .  

In agreement with this view;, i t  was found tha t the y ie lds  of the trans 

ester varied, depending on the proton-donating a b i l i t y  o f the solvent.

D olfin i also discussed the nmr assignment o f the fumerate (3) and 

maleate (4) vinyl protons. Based on the influence o f the adjacent car­

bonyl functions , 6 D o lfin i suggests that the vinyl proton o f the fumar- 

ate adduct, flanked by two deshielding carbonyl groups, would be ex­

pected to be deshielded with respect to the maleate vinyl proton. In 

the maleate one of the deshielding carbonyls is  replaced by a shielding  

amine moiety.

The nucleophilic addition of an amine with dimethyl acetylenedi- 

carboxylate can proceed by both a trans or cis mechanism giving r ise  to

nnH3

5
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a mixture o f  fumarates and maleates respective ly . The re la t iv e  yields  

of these isomers w i l l  depend upon several factors such as the reaction  

conditions, the thermodynamic s t a b i l i t y  of the products, the nature of  

the attacking nucleophiles, and the solvent. Thus, in  the reaction of  

primary amines with 1_, a la rger  ra t io  o f fumarates is  formed. 7 I t  has 

been suggested th a t the

R - N H 2  +  1

CH3 O0 C H
\  /c -  c
/  \  Trans-addition Product

R -N  C-0CH 3 (Fumarate)v.,/
ch302c^  ^ co2ch3 

c =* c
-» /  \  C is-addition Product

R -N  H (Maleate)

prevalence o f the fumarate in these cases is due to th e ir  higher re la ­

t iv e  s t a b i l i t y  to maleates. This s ta b i l i t y  is due to the presence of  

internal hydrogen bonding between the -NH o f  the amine and the ester 

carbonyl group o f the fumarate. As previously described in  the In t ro ­

duction to Part I 8a the i n i t i a l l y  formed Michael adducts have been 

transformed in to  a v a r ie ty  of heterocyclic compounds.

Recently Heindel, Kennewell, and Pfau9 demonstrated the existence 

of imine-enamine tautomers in the reaction of aryl hydrazine and hydra- 

zi ne wi th 1 .
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^ C H 2 C02 CH3 ,chco2 ch3

Ar NH -N  =C Ar N H -N H -C

ch3 ^ c o 2 ch3

lirnne enamine

Both isomers appear to arise d i re c t ly  from the condensation of the 

coreactants, since in most cases the more stable  imine isomer predomi­

nates in the product mixture. However, postreaction isomerization, 

while easily  demonstrable, is not s u f f ic ie n t ly  rapid to explain the 

isomer balance observed in the d irec t reaction . The iso lab le  adducts 

were found to be intermediates in the condensation of hydrazines and 

dimethyl acetylenedicarboxyl ate to y ie ld  3-carbomethoxy-5-pyrazoli- 

nones ( 6 ) . 10

R— NHNHo +

C02 CH3

I
C
II 
c
I
C02 CH3

1

"adduct"

\
N

H
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The above reaction of hydrazines, coupled with the previous work 

o f Heindel, Fish, and Lemke11 involving the base-catalyzed cycliza tion  

o f anthranil ami de-acetylenedicarboxyl ate adducts to e ith e r  1,4-benzo- 

diazepine-3,5-diones or quinazolinone d iesters , provided the s c ie n t i f ic  

motivation fo r  th is  research pro jec t.

Anthranilohydrazides (7) provide an additional nucleophilic atom 

compared to the previously discussed anthranilamides o f Heindel, Fish, 

and Lemke. The addition  o f this nucleophile increases the number o f  

possible heterocyclic  derivatives as shown below.

9

or

0 H

4> or
n_ ^ c o 2 ch3 

,1 ch2 co2 ch3

1 0

Q C02 CH3

H CH2 C02 CH3 

11

The two displacement products (_8 and 9_) can be eas ily  d is t in ­

guished from the double addition systems (10_ and TJ_) by molecular 

weight determinations. The assignment o f a p a r t ic u la r  structure w ith in
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e ith e r  o f  these classes is not as read ily  apparent and w i l l  be fu rther  

discussed in this d isserta tion .

Many pharmacologically active  compounds may be considered as 

hydrazine derivatives. They contain an -N-N-group e ith e r  in the side 

chain ( is o n ic o tin ic  hydrazide, thiosemicarbazones o f aldehydes) or in  a 

heterocyclic ring (pyrazolones, butazolid ine, a n t ip y r in e ) . 12

Less atten tion  has been paid to hydrazine derivatives in which 

only one nitrogen atom is heterocyclic , while the other one belongs to 

the N-amino group in the side chain . 13  This type would be exemplified  

by compounds o f structure 9_ and 1J_.

One of the compounds w ith th is  general structure  which has been 

synthesized is  the 3-aminoquinazolinone (12 ). Compound 1_2 derived from

NHR

1 2

both an o-ami noaryl carboxyl ic  acid (a n th ra n il ic  acid) and a hydrazine 

p art ic ip a tin g  with a nitrogen atom in a hetero r ing . Several o f  these 

compounds have shown useful pharmacological properties such as tran ­

quil i zing, analgetic , and hypnotic a c t iv i t y . 14

In a recent disclosure Kirchner and Zalay1 5  discussed the poten­

t i a l  usefulness o f certa in  a lkyl and aryl substituted 3-amino-2,3- 

dihydro-4(lH)-quinazolinones (13 ). Their pharmacological evaluation  

indicated usefulness as adjuvants in the treatment of insomnia,
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convulsions, and mental disturbances.
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X

H

13

A number of 3-aryl ami no-, dialkylami no-, and alkyl aryl ami no-1,2 -  

dihydro-4(lH)-quinazolinones have also been synthesized by S. 

Somasekhara and co-workers . 16  Their b io logical a c t iv i t ie s  were 

evaluated.

1,3,4-Benzotriazepines (Structure 1_0) also represent a class of 

heterocyclic compounds with medicinal p o te n tia l .  Sulkowski and 

Childress1 7 ' 18  reported 5 -a ry l- l ,3 -d ih yd ro -2 H -l,3 ,4 -b e n zo tr ia ze p in -2 -  

ones as a new class of psychotherapeutic agents. More recently Langis 

and Charest19 reported the synthesis of derivatives of 1,3,4-benzo- 

tr iazepin-2 ,5-d iones (14).

14
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Recently Hromatka, Krenmuller, and Knollmuller20  cyclized 1 ' , 2 ' -  

dim ethylanthranilic  acid hydrazides with phosgene to y ie ld  the 1 ,3 ,4 -  

benzotriazepin-2,5-diones (15).

Hromatka and co-workers21 have also developed a method o f  synthe­

sis o f 1,3,4-benzotriazepin-5-ones (1_6) involving the reaction o f  

1 ' , 2 ' -d im ethylanthran ilic  acid hydrazides with aldehydes and ketones. 

These compounds are also formed from a n th ra n il ic  acid hydrazides having 

an unsubstituted amino group which allows the formation of azomethines.

R R

15

+ R

0
II
C

R R

16
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RESULTS AND DISCUSSION 

Synthesis o f Alkyl and Aryl Anthranilohydrazides

Nucleophilic ring opening o f  isa to ic  anhydrides has been shown to 

y ie ld  a n th ra n il ic  acid d e r iva tiv e s . 2 2 3  By u t i l iz in g  substituted hydra­

zines as the nucleophiles toward isa to ic  anhydrides, substituted  

anthranilohydrazides (J7.) can be prepared.

"'OCX* NHNH-

R ^ C O N H N H

^ ^ N H R !

17

R Ri r 2

a. H H H

b. Cl H H

c. H H Cl

d. H H NO;

e. Cl H NO;

f . H ch3 H

The reaction o f 1 ,1-dimethyl hydrazine with is a to ic  anhydride pro­

vided l - ( 2 -ami nobenzoyl)-2 , 2 -dimethylhydrazine (18).
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CH3

.CONHN^

CH3

nh2

18

S im ila r ly  prepared by the reaction of 1-methyl-1 -phenylhydrazine 

with is a to ic  anhydride was 1 - ( 2 -aminobenzoyl) - 2 -m ethyl-2 -phenylhydra­

zine (19J. By the addition o f  1 ,2-dimethyl hydrazine to isatoic anhy­

dride the corresponding 1 - ( 2 -ami nobenzoy l)-! ,2 -dimethyl hydrazine ( 2 0 ) 

was synthesized.

In  the synthesis of ]9_ the product (21_) resu lting from the ring  

opening o f the is a to ic  anhydride a t  the number 2  carbonyl has also been 

i solated.

19 20

21
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Adduct Formation

The Michael add ition  o f  primary aromatic amines (a n il in es ) with  

dimethyl acetyl enedicarboxyl ate has been found to y ie ld  adducts o f  

several d i f fe re n t  isomeric species: fumarate (2 2 ) ,  maleate (23>), or 

imine (24).

The reaction of anthranilohydrazides (1_7» 18, and 1£) yielded a 

product (25) which was found to possess an isomeric homogeneity as e v i­

denced by the appearance of a single vinyl proton resonance in i ts  nmr 

spectrum. This also indicated that the imine isomer (24) was not 

present.

\ / H" \
H

<f>

;c -ch 2 co2 ch3

Ct i30 2 C'/ CH302C co2 ch3 ch3o2c

22 23 24

R

+ 1

R.

H C02 CH3 H

conh- n;
/

17, 18, or 19 25
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R El r2 R El R2

a. H H ^6^5 e. Cl H A-NOz-CeH^

b. Cl H c5 h5 f . H ch3 ^6H5

c. H H 4-C1-C6 H4 9- H ch3 ch3

d. H H 4-N02 -CgHit

The v inyl proton of the fumarate (22) experiences the deshielding 

effects  o f the two carbonyl groups, while the maleate proton is  de­

shielded by only one carbonyl group. Previous nmr data have estab­

lished that the maleate vinyl proton is up fie ld  from the fumarate.

This conclusion has been v e r i f ie d  by i r  and uv spectral s tud ies . 23

The in fra red  spectra of the adducts are also helpful in making a 

reasonable assignment of the vinyl geometry. The fumarate (2 2 ) ,  with 

i ts  chelated es ter, shows one normal ester above 1700 cm- 1  and one 

ester absorption below 1690 cm- 1 . In the maleate geometry (2^) the ab­

sorption of both ester carbonyls is above 1695 cm- 1 . The six-membered 

hydrogen-bonded ring in the fumarate ( 2 2 ) has added importance as i t  

provides the measure of s ta b i l i t y  th a t  favors the fumarate whenever a 

primary amine forms a dimethyl acetylenedicarboxyl ate adduct. 2 * 23  

However, when secondary amines are reacted with 1_ the maleate 

geometry arises by c is -add ition . In this work the reaction of the 

dimethyl d er iva tive  ( 2 0 )  with 1_ produces the maleate (26) shown below.

ch3 CHo
\  I

^ s _ X 0 N - N H  H

+ 1 — *  <
co2 ch3

26
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The assignment o f 25_ as the fumarate geometry is e n t ire ly  in ac­

cord with the spectra. The vinyl proton resonance is a t 6 5.48±0.06 

ppm with that o f  25a being at 6 5.42 ppm, which is  iden tica l to the 

previously reported dimethyl (2-carboxamidoanilino) fumarate . 22b The 

e s te r  carbonyls appear a t  1736+14 c n f1 and a t  1685+5 cm" 1 fo r  the nor­

mal and chelated ester respectively. The i r  spectra o f  25 also lack 

the primary amine absorbances present in V7, 18, and 19_ fu rther v e r i fy ­

ing the reaction of the primary amine to y ie ld  the fumarate.

In 26i the vinyl proton resonance is a t  6 4.86 ppm, which is 0.56  

ppm upfield from the closest fumarate vinyl resonance of 28. The ester  

carbonyl absorptions are a t 1748 and 1697 cm- 1  ind icating the lack of 

the chelated ester of J25. Also present in 26 is the primary amine ab­

sorption at 3470 and 3370 cm- 1  c le a r ly  indicating th a t reaction took 

place at the secondary amine to give the maleate (2 6 ).

Cycl ization of the Anthrani 1 ohydrazi de-Acet.yl enedi carboxyl ate Adducts 

to 3-Substituted-2,3-dih.ydro-4( 1H)-quinazol inones

The base-catalyzed cycliza tion  of the dimethyl acetylenedicarboxy- 

la te  adducts (25) in xylene produced a single product (27) in each case. 

The isolated products are the 2,3-dihydro-4(lH)-quinazolinones ( 27) 

shown below.

MeONa 
Xyl ene 'C 0 2 CH3

■ch2 co2 ch3

0

25 27
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R h

a. H H c6 h5

b. Cl ' H ^6^5

c. H H 4-C I-C gĤ

d. H H 4-N02 -C6Hit

R Ri

C
M

<*1

e. Cl H 4-N02-C6H,,

f . H ch3 ^6^5

g. H ch3 ch3

The elemental analysis and mass spectral data provide proof that  

27 is a 1:1 adduct of the hydrazide with 1_; thus e lim inating any c y c l i -  

zations involving a displacement type mechanism. The mass spectra of  

a ll  27 contain ions representing the loss of carbomethoxy ('CC^CHg, 59 

mass un its) and carbomethoxymethyl 73 mass units) from the

molecular ion. This loss o f 59 and 73 mass units c learly  indicates 

tha t a double addition to 1_ has taken place.

The knowledge that base-catalyzed cyc liza tion  of 25̂  has taken 

place by the addition of the N-H to the CC double bond s im plif ies  the 

structure elucidation o f Z7_. In the case of 2 5 f ,q , where both Rx and 

R2 are alkyl or aryl groups, there is only one N-H (a to the C=0) which 

can add to the CC double bond. Therefore, this addition can generate 

only the quinazolinone (27 ). Hence, the addition is  s im ilar  to the 

cyc liza tion  o f anthranil ami de-acetylenedicarboxyl ate adducts to quina- 

zolinones previously discussed . 11 Other recent examples o f acetylenic  

esters as heterocyclic building blocks include the synthesis of benzo- 

th iaz ines 2 4  and benzoxazinones2 5  from o-mercapto- and o-hydroxybenz- 

ami des.

However, in 25a-e, where RX=H and R2 = a ry l, the duality  of the 

hydrazide type N-H protons can lead to two types o f addition products.
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By addition of the N-H a to the C=0 quinazolinones o f type 27 would 

re s u lt ,  but i f  the 3 N-H is involved in the cyc liza tio n -ad d it io n  the 

benzotriazepinone (28) would re su lt .

F

N -R 2

^ co2ch

•ch2 co2 ch3

2^ n 3

25a-e 28

When 17a was condensed with 1_ concentration o f the reaction mix­

ture  a f te r  f i l t r a t i o n  of 25a yielded the cyclized material ( 27a). This 

was also observed in the case o f T7e to give 25e and 27e.

All attempts at cyc liza tion  of the maleate (26J resulted in re ­

covery of 26. Both base-catalyzed and thermal cyc liza tion  were unsuc­

cessful. Molecular models of 25_ show that the molecular distance be­

tween the primary amine and the maleate portion of the molecule appears 

too great fo r  intramolecular reaction.

Structure Proof o f the Quinazolinone Products

Having established that when both and R2 are alkyl or a r y l ,  215 

was read ily  cyclized to quinazolinone (2 7 ), and when Ri=H, R2=aryl the 

resu lting  product was e ith e r  27 or 28 a more de ta iled  structure e lu c i­

dation was undertaken. The previously described mass spectral data, 

ind icating double addition, were augmented by the appearance in the nmr 

of e ith e r  a broad s in g le t  or an AB quartet fo r  the pendent -CH2-
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resonances. The appearance o f  magnetically non-equivalent methylene 

protons adjacent to an asymmetric center is well known. 26

All 2J_, except 27b with a single broad absorption a t  1735 cm-1 , 

have two saturated ester absorbances between 1725 and 1760 cm-1 . The 

cyclic  carbonyl appears between 1645 and 1680 cm' 1 which is  consistent 

with e ith e r  structure 27 or 28.

The NaH/Mel methylation of 27a provided d e f in ite  proof that the 

base-catalyzed condensation o f 25̂  did indeed provide quinazolinone (27) 

rather than a lternate  structure  28. Monomethylation o f 27a can occur 

e ith e r  at the 1-position or on the pendent 3 -an ilino  moiety. I f  methy­

la t io n  occurs on the a n il in o  moiety the resulting product would be 27 f.

The methylation o f  27a resulted in the recovery of 50% of 27â  and 

a solid  product. Thin layer chromatography of this m ater ia l,  on both 

s i l i c a  gel and aluminum oxide, separated a compound with an Rf value 

identical to 27a from one with an Rf identica l to 27 f. The presence of  

27f in the methylation product o f 27a c learly  defines 27a as the quina­

zolinone s tructure . Two other minor products with Rf values less than 

27a or 27f were also separated. These products are probably the resu lt  

of methylation a t the 1-pos it ion  or more exhaustive methylation. For 

more deta ils  o f  the TLC see the experimental section.

Examination of the nmr data of the adducts (25) provides addition­

al information that the a N-H would be expected to add to the enamine 

double bond to provide 27̂ . The nmr of 25a-e a l l  have one N-H proton a t  

5 11.0±0.1 ppm which is very slowly exchanged with D20. A second N-H 
a t 6 10 . 5± 0 .2 ppm exchanged with D20 almost in s ta n tly . This difference  

in exchange rates implies the probable greater a c id ity  o f the N-H at
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6 10.5±0.2 ppm. In 2 5 f ,g, where only the N-H a to the C=0 is  present, 

a rapidly exchangeable resonance a t 5 10.50+0.03 ppm is present.

Hence, by comparison of 25a-e with 2 5 f ,g the resonance at 6 10.5±0.2  

ppm in 25a-e can be assigned to the a N-H. Since th is  is the more 

a c id ic  H i t  would be expected to condense w ith  the  enamine double bond 

to provide 2J_.

The method of Kirchner and Zalay15 was u t i l i z e d  to synthesize the 

qui nazol i nones (29) shown below. Both 29_, where R=H or CH3, are known 

to be of the quinazolinone class and were developed here fo r  comparison 

as model compounds.

R 0
R

H

29

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



79

TABLE I

UV Spectra of Quinazolinones in EtOH

27a 29, R=H 27f

x, nm loq e x, nm loq e X, nm log s

230 4.46 231 4.43 229 4.43

286 3.30 287 3.24 289 3.34

345 3.30 348 3.34 345 3.30

29, R=CH, 27cl 30

x, nm loq e X, nm loq e X, nm log e

229 4.45 228 4.44 225 4.49

290 3.26 260 3.60 255 3.61

347 3.38 345 3.30 345 3.36

Table I contains pertinent uv data for several quinazolinones. 

Comparison of the spectrum of 29_ (R=H) with the spectrum o f  29_ (R=CH3) 

c le a r ly  indicates tha t the substitu tion of the CH3 group does not 

markedly a l te r  the uv spectra. In fa c t ,  they are nearly superimposable 

on each other. The s tr ik in g  s im i la r i ty  of 29 (R=H) and 29_ (R=CH3) de­

fines both as being of the quinazolinone class. With th is  in mind, the 

spectra of 27a and 2 7 f , which also d i f f e r  only by a CH3 group, are also 

p ra c t ic a l ly  superimposable. Likewise, the spectra of 27a and 29_ (R=H) 

are very s im ila r .  I t  can be seen from this  comparison of spectra that
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27a can be formulated as a quinazolinone.

The uv spectra of 27q, which is  a quinazolinone, is very s im ila r  

to that of the previously reported quinazolinone 3 0 .11 The spectra 

of 27a, f  and 29_ are also s t r ik in g ly  s im ila r  to 30_, c le a r ly  defining 

them as quinazolinones.

Mass Spectral Analysis o f 3-Substituted-quinazolinones

The mass spectral data are presented here to substantiate the pre­

viously presented assignment o f structure 27 as a 2 ,3 -d ih yd ro -4 (lH )-  

quinazolinone. The spectral data are tabulated in  Table I I ,  including  

the re la t iv e  ion abundances as a percent r e la t iv e  to the base peak.

The Roman numerals in column one of Table I I  correspond to the s truc­

tures assigned to each m/e.

A molecular ion ( I )  o f expected mass was present in a l l  2J_ (see 

Scheme 1 fo r ions I - V I I ) .  In a l l  cases this ion had a re la t iv e  abun­

dance greater than 5%.

The loss o f  31 a.m.u. from I was also evident in a l l  Z h , This ion

( I I )  can be a ttr ib u te d  to the fragmentation o f  a methoxyl group from 

the ester side chain.

0

30
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TABLE I I

Mass Spectra of Quinazolinones (27) 

27a 27b 27c

m/e
Relati ve 
abundance m/e

Rel a ti ve 
abundance m/e

Rel a t i  vi 
abundant

I 369 16. 403 1 2 . 403 9.5

I I 338 3.1 372 2 . 8 372 2.3

I I I 310 1 0 0 . 344 1 0 0 . 344 1 0 0 .

IV 296 3.1 330 2 . 8 330 3.4

V 278 54. 312 60. 312 40.

VI 250 8 .3 284 1 2 . 284 6 . 1

V II 236 16. 270 2 0 . 270 1 1 .

V I I I 234 1 0 . 268 7.1 234 27.

IX 219 1 1 . 253 1 1 . 219 2 0 .

X 2 0 2 19. 236 23. 2 0 2 2 2 .

XI 170 2 0 . 204 15. 170 30.

X II 159 13. 193 13. 159 25.

X I I I 144 2 1 . 178 14. 144 2 2 .

XIV 130 8.3 164 7.1 130 9.2

XV 119 17. 153 1 0 . 119 19.
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TABLE I I  (co n tinu e d )

82

27d 27e 2 7 f

m/e
Relative
abundance m/e

Relative
abundance m/e

Relative
abundance

I 414 6 . 2 448 5.1 383 43.

I I 383 2 . 6 417 2 . 2 352 6.4

I I I 355 1 0 0 . 389 1 0 0 . 324 1 0 0 .

IV 341 2.4 375 2 . 2 310 6.4

V 323 19. 357 18. 292 7.4

309 28. 343 32.

VI 295 4.5 329 2.9 264 4.3

V I I 281 5.1 315 2 . 2 250 9.2

277 1 0 . 311 3.6

249 7.2 283 6 . 2

V I I I 234 16. 268 4.3 234 52.

IX 219 13. 253 6 . 2 219 8 6 .

X 2 0 2 16. 236 14. 2 0 2 78.

XI 170 18. 204 18. 170 64.

X I I 159 1 1 . 193 8.7 159 83.

X I I I 144 18. 178 8.5 144 42.

XIV 130 7.3 164 5.1 130 42.

XV 119 15. 153 1 2 . 119 54.
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TABLE I I  (con tinued )

m . ______

Relati ve
m/e abundance

I 321 1 2 .

I I 290 6 .3

I I I 262 1 0 0 .

IV 248 14.

V 230 27.

VI 2 0 2 71.

V II 188 1 1 .

a n 234 29.

IX 219 45.

X 2 0 2 71.

XI 170 42.

X II 159 59.

:i i i 144 26.

XIV 130 2 2 .

XV 119 2 1 .
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R

R

! -  co

HI I I

-  ch3oh

27d,e

VI

27d,e

V II
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The substitu tion  o f  a carbomethoxy and carbomethoxymethyl in the

2 -position was c le a r ly  demonstrated by the presence of ions correspond-r 

ing to the loss o f these pendent groups. The loss of 'C02 CH3 (59 a.m.u.)

and *CH2 C0 2 CH3 (73 a .m .u .) would resu lt in  structures of type I I I  and

IV respective ly . Whether these ions are the re s u lt  o f  a stepwise fra g ­

mentation (as indicated by the broken l in e  in Scheme 1) or the d ire c t  

loss of the pendent group cannot be ascertained from the ava ilab le  data.

In compounds 29d,e ion I I I  is fu rth e r  fragmented by the loss of

the n itro  group in  each case. In 29d th is  fragmentation is v e r i f ie d  by

a metastable ion a t  the calculated value o f  m/e 268.9 (m/e 355 — > m/e 

309). Likewise, the tran s it io n  from m/e 389 to m/e 343 in 29e is  rep­

resented by a metastable ion a t  m/e 302.4.

Ion V which represents the loss of CH3 0H from I I I  can arise  by 

the concerted, c y c lic  process shown below. The d ire c t  loss of CH30H 

from the side-chain ester would lead to the isomeric species V‘ . The 

d irec t loss o f  methanol from the methyl e s te r  is known in some a l i ­

phatic es ters . 2 7

H C 
II 
0

I
ch3

I I I V'
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The loss of 32 mass units from I I I  is v e r i f ie d  by a metastable ion 

at the calculated value in nearly a l l  27. Two representative cases are 

27a and 27b with calculated values o f m/e 249.3 (m/e 310 — *  m/e 278) 

and m/e 283.0 (m/e 344 —> m/e 312) respective ly .

Further fragmentation o f V can lead to ions VI and V I I .  Ion VI 

represents the loss of CO from V while V II  can re su lt  from the loss of 

ketene from V. The loss of CO is v e r i f ie d  by a metastable ion a t  m/e

224.8 (m/e 278 —» m/e 250) fo r  27a. Several other 27 also have this  

metastable ion at the appropriate value.

Both ions VI and V II  also show the loss o f  the n itro  group 

(45 a .m .u .)  from R2 in 27d,e . This loss is s im ila r  to tha t seen from 

ion I I I .

Ion X I I I  represents the bare quinazolinone ring system and could 

re s u lt  from several d i f fe re n t  fragmentation pathways. In p a rt icu la r ,  

ion V I I  could s p l i t  o f f  the 3-substituent to give X I I I .

The re tro  Diels-Alder cleavage, s im ila r  to that of 3-hydroxyquina- 

zolinones previously discussed , 813 was present in  a l l  27.

A comparison of the fragment ions V II I-X V  demonstrates the assign­

ment o f  the quinazolinone structure  to Z7. Comparison of 27a,c ,d , f ,  

and £  shows tha t ions V II I-X V  are independent o f  the substituent in the

.0

XV
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3-position. This is also seen in 27b and £  where V II I-X V  are increased 

in value by the substituent in the 6 -position as compared to 27a. From 

this information i t  can be said that the lower mass fragments V II I -X V  

contain the quinazolinone portion o f the molecule without the 3-  

substituent.

The fragment ions in  the mass spectra of 27a-e are identical to 

those in  the mass spectra of 2 7 f ,g which have been proven to be quina- 

zolinones. The id e n t ity  o f the fragment ions c learly  substantiates the 

assignment of 27a-e as quinazolinones.
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EXPERIMENTAL SECTION

Melting points were determined between glass s lid e  covers on a 

Fisher-Johns block and are reported uncorrected in degrees centigrade.

The u l t r a v io le t  spectra were recorded on a Perkin-Elmer 402 

u l t r a v io le t -v is ib le  spectrophotometer. In frared spectra were obtained 

in  Nujol or the neat state with a Perkin-Elmer spectrophotometer. Nmr 

spectra were recorded on a Hitachi Perkin-Elmer Model R-20A spectrom­

e te r  using tetram ethylsilane (TMS) as an in ternal standard. Data are 

presented in the order 6 (m u l t ip l ic i ty ,  number o f protons, assignment).

Mass spectra were run by J. E. Rowe on a Hitachi Perkin-Elmer 

RMU-6 E double focusing sector mass spectrometer with a d ire c t  solids 

i n le t  system. Spectra were obtained a t  approximately 20°C below the 

melting or bo iling  point at 80 eV. Peak positions were assigned re la ­

t iv e  to peaks found in the fragmentation pattern o f perfluorokerosene.

The thin la y e r  chromatograms were developed on e ith e r  s i l ic a  gel 

1B-F or aluminum oxide 1B-F Baker-flex sheets.

Microanalyses were provided by Dr. G. I .  Robertson of Florham 

Park, New Jersey.

Anthranilophenyl hydrazide (1 7 a ). Phenyl hydrazine (39.6  g, 0.36 mol) 

was slowly added to a s t ir re d  suspension o f 30.0 g (0 .18  mol) o f is a ­

to ic  anhydride in  100 ml of EtOH. The reaction mixture was heated to 

ju s t  below re flu x  fo r  2 hours, then s t ir re d  fo r  24 hours. The p rec ip i­

ta te  was f i l t e r e d  o f f ,  washed with 50 ml o f EtOH, and recry s ta ll ize d  

from EtOH to y ie ld  29.9 g {12%) o f  white 17a; mp 173-5°: l i t .  mp 170°;28
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i r  (Nujol mull) 3430, 3340 (primary N-H), 3240 (N-H) and 1650, 1618cm"1 

(hydrazide C=0).

1 - (2-Amino-5-chlorobenzoyl)-2-phenylh.ydrazine (1 7b ). A suspension of

31.0 g (0 .16 mol) o f 5 -chloroisato ic  anhydride and 34.0 g (0 .32 mol) o f  

phenyl hydrazine was reacted as above to give 32.5 g (79% ) o f 17b: mp 

203-6°: l i t .  mp 203-5 °; 19 i r  (Nujol mull) 3480, 3410, 3360, 3300 (N-H) 

and 1660, 1610 cm- 1  (hydrazide C=0).

1 - (2-Aminobenzo.yl )-2 -(4 -ch lorophenyl) hydrazine (1 7 c ) . A solution of  

7.3 g (0 .18 mol) o f  NaOH in 100 ml o f EtOH was added to a s lurry  of

33.1 g (0 .18  mol) o f 4-chlorophenylhydrazine in 300 ml of EtOH. The 

solution was cooled to 4°, the NaCl f i l t e r e d  o f f  by suction, and 30.0 g 

(0 .18 mol) o f is a to ic  anhydride were added to the f i l t r a t e  with no 

evolution o f C02. The reaction mixture was refluxed fo r  24 hours and 

then cooled to 4° fo r  24 hours. The reaction mixture was f i l t e r e d  to 

remove 16.1 g of 17c, concentrated to one-third volume, and 14.2 g of  

17c were f i l t e r e d  to give a combined y ie ld  o f 63%. R ecrysta lliza tion  

from benzene y ielded pure 17c: mp 187-8°; i r  (Nujol mull) 3460, 3440, 

3410, 3570, 3270 (N-H) and 1650, 1615 cm' 1 (hydrazide C=0).

Anal. Calcd. for C1 3 H1 2 C1N30: C, 59.66; H, 4 .62; N, 16.06.

Found: C, 59.95; H, 4.63; N, 16.04.

1 -(2-Aminobenzo.yl) - 2 - (4 -n itrophenyl) hydrazine (17d ). Isa to ic  anhy­

dride (40.0 g, 0.25 mol) was added to a s lurry  of 4-nitrophenylhydra- 

zine (37.6 g, 0.25 mol) in 250 ml o f  EtOH. The reaction mixture was 

refluxed with s t i r r in g  for 24 hours, during which time solid  was con­

t in u a l ly  present. F i l t ra t io n  of the so lid  y ie lded 36.8 g (59%) of 17d.
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Recrystall iza tio n  from EtOH afforded pure yellow 17d: mp 233-5°; i r  

(Nujol mull) 3480, 3380, 3350, 3240 (N-H) and 1630, 1610 cm' 1 (hydra­

zide CO).

Anal. Calcd. for  C1 3H1 2 Nt+0 3: C, 57.35; H, 4.44; N, 20.58.

Found: C, 57.12; H, 4 .55; N, 20.67.

1 -  (2-Amino-5-chlorobenzoyl) -2 - (4 -n it ro p h e n y l) hydrazine (1 7 e ) . Equi-  

molar quantities (0.20 mol) of 4-nitrophenylhydrazine and 5-chloroisa-  

to ic  anhydride were reacted as in  17d to y ie ld  33.2 g (53%) o f 17e. 

R ecrysta lliza tio n  from EtOH gave pure yellow 17e: mp 258-60°; i r  (Nujol 

mull) 3480, 3380, 3340, 3240 (N-H) and 1630, 1620 cm- 1  (hydrazide C=0).

Anal. Calcd. fo r  C ^ H n C l N ^ :  C, 50.90; H, 3.71; N, 18.26.

Found: C, 51.02; H, 3.72; N, 17.91.

1 - ( 2-Methyl ami nobenzo.yl) -2-phen.yl h.ydrazine (17 f ) . A mixture o f 25.0 g 

(0 .14  mol) of N-methylisatoic anhydride and 30.4 g (0.28 mol) of 

phenyl hydrazine was reacted as in 17a to y ie ld  20.4 g (60%) o f 17 f . 

R ecrysta lliza tio n  from benzene y ie lded pure 1 7 f : mp 130-2°; i r  (Nujol 

m ull) 3410, 3260 (N-H) and 1630, 1610 cm" 1 (hydrazide C=0); nmr (DMS0- 

d5) 6 10.05 (S, 1, N-H), 7 .8 -6 .4  (m, 9, Ar-H), 6.1 (broad S, 2, N-H), 

and 2.76 ppm (S, 3, N-CH_3).

Anal. Calcd. fo r  C11+H1 5 N30: C, 69.69; H, 6.27; N, 17.42.

Found: C, 69.39; H, 6.40; N, 17.15.

1 - ( 2-Ami nobenzoyl) - 2 , 2-dimethylhydrazi ne (1 8 ) . An EtOH s lu rry  of

50.0 g (0.30 mol) of is a to ic  anhydride was reacted with 27.2 g (0.45  

mol) of 1 ,1 -dimethylhydrazine. A fte r  the evolution of C02  ceased the 

reaction mixture was refluxed fo r  2 hours. Cooling for 24 hours yielded
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24.2 g (44$) of TjS. R ecrysta lliza tio n  from benzene provided pure 1_8: 

mp 140-1°; i r  (Nujol mull) 3420, 3300, 3220 (N-H) and 1635, 1620 cm" 1 

(hydrazide C=0).

Anal. Calcd. for  C9 H1 3 N30: C, 60.31; H, 7.31; N, 23.45.

Found: C, 60.26; H, 7.54; N, 23.74.

1 - ( 2 - Ami nobenzoyl) -2-meth.yl -2-phenyl h.ydrazi ne (1 9 ) . Use of the method 

of Kirchner and Zalay15  to prepare 19_ resulted only in the is o la t io n  of 

s ta rt in g  material and methyl an th ran ila te . A modification u t i l i z in g

16.8 g (0 .10 mol) o f isa to ic  anhydride in 80 ml of 1,4-dioxane was r e ­

fluxed with 12 . 6  g (0 .10 mol) o f 1-methyl-1 -phenylhydrazine fo r  72 hours. 

Cooling to room temperature resulted in  a p rec ip ita te  with mp 239-41° 

which evolved C02 on heating a t the mp. This product was te n ta t iv e ly  

id e n t i f ie d  as 21_; i r  (Nujol mull) 3200 (N-H), 3300-2500 (broad C00H), 

and 1690, 1675 cm- 1  (acid and urea C=0). in vacuo  concentration of the 

dioxane solution y ie lded 21.4 g ( 8 8 %) of a viscous oil which was used 

subsequently as 19_. A ll attempts to obtain c ry s ta ll in e  Tj9 were unsuc­

cessful .

l - (  2-Ami nobenzoyl) - 1 ,2-dimethyl hydrazine (2 0 ) . A mixture of 16.3 g 

(0.10 mol) o f  isa to ic  anhydride, 14.6 g (0.11 mol) of 1,2-d im ethyl-  

hydrazine, and 50.5 g (0 .20 mol) o f t r ie th y l  amine was refluxed with  

s t i r r in g  fo r  16 hours in  200 ml of absolute pyrid ine. During the re ­

f lu x  period there was so lid  present. A fter  cooling, the s a l t  was 

f i l t e r e d  with suction and the f i l t r a t e  was concentrated in vacuo  to an

o i l .  The o i l  was dissolved in 100 ml o f  benzene and extracted 4 times 

with 100 ml portions o f 2N HC1. The combined HC1 extracts were
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neutralized with NaOH with the temperature being maintained below 20°. 

The neutralized solution was extracted 8  times with 100 ml portions of 

benzene, the combined benzene layers were dried over MgSO ,̂ and the 

benzene was removed in vacuo. The resu lting  semi sol id  was dissolved in 

20 ml o f toluene and cooled in dry ice/acetone. The so lid  which in i ­

t i a l l y  formed became an o i l ,  but the addition o f petroleum ether and 

a g ita t io n  while warming to room temperature resulted in  1 2 . 1  g ( 6 8 %) of 

so lid  20_. R ecrys ta ll iza tio n  from diethyl ether y ie lded pure 20: mp 62- 

4°: l i t .  mp 6 3 -5 ° ;20 i r  (Nujol mull) 3420, 3340, 3220 (N-H) and 1635 

cm- 1  (hydrazide C=0); nmr ( DCC13) <S 7 .32-6 .52  (m, 4 , Ar-H_), 4.71 (S, 3, 

N-H_, rapid ly  exchanged with D2 0 ) ,  3.14 (S, 3, N-CH_3) ,  and 2.62 ppm (S, 

3, N-CH3) .

Reader Note: For the convenience o f the reader the structures of the

hydrazides (17-20) u t i l iz e d  in the following procedures appear on pages 

70-71. Those compounds designated as 27 are 2 ,3 -d ihydro-4(lH )-quinazo li-  

nones.

Dimethyl 2-[2-(carbon,y1-2-N-phenylhydrazino)ani1ino] fumarate (25a). 

When 6.25 g (44.2 mmol) o f 1_ were added in  small portions to a MeOH 

solution (ca. 20 mmol/100 ml) o f 10.0 g (44.2 mmol) o f  17a a s l ig h t ly  

exothermic reaction resulted. While the reaction was s t ir re d  fo r  24 

hours a yellow p re c ip ita te  formed. Suction f i l t r a t i o n  yielded 12.3 g 

(76%) o f  the open adduct ( 25a) . R ecrysta lliza tio n  from MeOH gave pure 

yellow crystals  of 25a: mp 176-8°; i r  (Nujol mull) 3310 (N-H), 1745 

(es te r  C=0), 1685 (chelated ester C=0), and 1665 cm- 1  (hydrazide C=0); 

nmr (DMS0-d6) <5 11.1 (S, 1, N-H, slowly exchanged with D2 0 ) ,  10.3
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(S, 1, N-H, rapidly exchanged with D2 0 ) ,  7 .91 -6 .60  (m, 10, Ar-H and 

N-H), 5.42 (S, 1, C=CH), 3.69 (S, 3, COzCH^), and 3.65 ppm (S, 3, 

C02 CH3).

Anal. Calcd. fo r  C19H1 9 N305: C, 61.78; H, 5.19; N, 11.38.

Found: C, 62.01; H, 5.27; N, 11.48.

in vacuo  concentration of the reaction mixture to ca. one-third  

volume resulted in a precip ita te  of 3.4 g (which combined with 25a 

accounts fo r  97% of 17a and ]_) o f 27a. The base-catalyzed synthesis 

o f 27a is described below.

Dimethyl 2 - [ 2 - (carbonyl-2-N-phenylhydrazi no )-4 -chloroanilino] fumarate 

(25b ). Equimolar quantities (50.0 mmol) o f  17b and 1_ were reacted as 

above except that a 2 hour re flux  was necessary. The solid which pre­

c ip ita te d  was approximately 85% 25b_ and 15% 27b by nmr data. The syn­

thesis o f  27b is described below. Attempts to separate the mixture by 

frac tio n a l re c ry s ta l l iza t io n  and column chromatography were unsuccess­

f u l .  The data given below are for the open adduct ( 25b) ; i r  (Nujol 

mull) 3240 (N-H), 1750 (ester C=0), 1680 (chelated ester C=0), and 

1655 cm" 1 (hydrazide C=0); nmr (DMS0-d5) <5 10.97 (S, 1, N-H, slowly 

exchanged with D2 0 ) ,  10.48 (S, 1, N-H_, rap id ly  exchanged with D2 0 ) ,

7 .9 -6 .4  (m, 8 , Ar-H), 5.46 (S, 1, C=CH), 4.55 (broad S, 1, N-H), 3.70 

(S, 3, C0 2 CH_3) ,  and 3.62 ppm (S, 3, CO2 CH3 ) .

Dimethyl 2 - [ 2 - (carbonyl-2-N-para-chlorophenylhydrazino)ani 1 ino] 

fumarate (25c). Equimolar quantities (45.0  mmol) of 17£ and 1_ were 

reacted as in 25a to give a 90% y ie ld  o f  the adduct (25c). Recrystal­

l iz a t io n  from MeOH yielded pure yellow crysta ls  o f  25c: mp 153-4.5°;
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i r  (Nujol mull) 3360, 3320, 3250 (N-H), 1730 (es ter  C=0), 1690 (chel­

ated ester C=0), and 1670 cm- 1  (hydrazide C=0); nmr (DMS0-d6) 6 11.08 

(S, 1, N-H_, slowly exchanged with D2 0 ) ,  10.35 (S, 1, N-H_, rapidly  ex­

changed with D2 0 ) ,  7 .9 -6 .4  (m, 8 , Ar-H), 7.65 (S, 1, N-H), 5.45 (S, 1,

C=CH), 3.72 (S, 3, C02 CH3) ,  and 3.67 ppm (S, 3, CO2 CH3 ) .

Arial. Calcd. f o r  C19H18C1N30 5 : C, 56.51;  H, 4 . 4 9 ;  N, 10 .41.

Found: C , .56.49; H, 4 .33; N, 10.49.

Dimethyl 2 - [ 2 - (carbonyl-2-N-para-nitrophenylhydrazino)ani1ino] fumarate 

(25d ). Equimolar quantities (72.0 mmol) o f 17d and 1_ were reacted as 

in 25a. The resu lting product consisted of approximately 70% 25d and 

30% 27d by nmr. The synthesis o f  27d is described below. The data 

given below are fo r  the open adduct ( 25d); i r  (Nujol m ull) 3340, 3280

(N-H), 1725 (ester C=0), 1690 (chelated ester C=0), and 1670 cm' 1

(hydrazide C=0); nmr ( DMS0-d6) 6 11.03 (S, 1, N-H_, slowly exchanged 

with D2 0 ) ,  10.60 (S, 1, N-H_, rapidly  exchanged with D20 ) ,  8 .1 -6 .6  (m,

9, Ar-H and N-H), 5.46 (S, 1, C=CH), 3.72 (S, 3, C02 CH3) ,  and 3.65 ppm 

(S, 3, co2q i 3).
Dimethyl 2 - [ 2 - (carbonyl-2-N-para-nitrophenylhydrazino)-4-chloroani1ino] 

fumarate (25 e ). Equimolar quantities (45.2 mmol) o f 17e and 1_ were re ­

acted as in  25a to give a 95% y ie ld  of the open adduct ( 2 5 e ) . Re- 

c ry s ta l l iz a t io n  from benzene yielded pure yellow crystals of 25e: mp 

167-168.5°; i r  (Nujol mull) 3310, 3250 (N-H), 1742 (e s te r  C=0), 1690 

(chelated ester 0=0), and 1670 cm- 1  (hydrazide C=0); nmr (DMS0-d6) 6 

10.93 (S, 1, N-H, slowly exchanged with D2 0 ) ,  10.65 (S, 1 , N-H_, rapidly  

exchanged with D2 0 ) ,  9.10 (S, 1, N-H_, rapidly exchanged with D2 0 ) ,  8.15-
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6.62 (m, 7, Ar-H ), 5.51 (S, 1, C-CH), 3.75 (S, 3, C02 CH3) ,  and 3.66 ppm 

(S, 3, C02 CH3) .

Anal. Calcd. for C1 9 H: 7 C1 N^Oy: C, 50.85; H, 3 .82; N, 12.48.

Found: C, 51.04; H, 3.87; N, 12.55.

m  v a c u o  concentration of the reaction mixture to ca. one-third 

volume y ie lded  5.77 g (which combined with 25<s accounts for 95% of 17e 

and 1_) o f 27e. An a lternate  synthesis o f 27e is described below.

Attempted reaction of 1-(2-Meth.yl ami nobenzoyl )-2-phen.yl hydrazine (17f)  

and 1. The reaction of equimolar quantit ies  (52.0  mmol) o f 17f and 1_ 

as in  25a resulted in a viscous o i l  from which the pure adduct could 

not be iso la ted . The nmr showed m ultip le  peaks fo r  the N-CH_3 protons 

ind icating more than one product in  the o i l .

Dimethyl 2-[2-(carbonyl-2,2-N-dimeth.ylh.ydrazino)anilino] fumarate (2 5 g ). 

Equimolar quantities  (56.0 mmol) o f  lj3 and 1_ in  70 ml o f MeOH were 

allowed to react exothermically followed by s t i r r in g  fo r  24 hours.

When the mixture was cooled to 4° and the glass container scratched

12.8 g (72%) of the open adduct p re c ip ita te d . R ecrysta lliza tio n  from 

MeOH gave pure yellow crystals o f  25g: mp 150-2°; i r  (Nujol mull) 3240 

(N-H), 1742 (es ter  C=0), 1690 (chelated ester C=0), and 1640 cm- 1  

(hydrazide C=0); nmr (DMS0-d6) 6 10.47 (S, 1, N-H_, rapid ly  exchanged 

with D2 0 ) ,  7 . 6 - 6 . 6  (m, 4, A r-H ), 7 .5  (broad S, 1, N-H_, rapidly ex­

changed with D2 0 ) ,  5.51 (S, 1, C=CH_), 3.72 (S, 6 , C02 CH3) ,  and 2.62 ppm 

(S, 6 , N-CH_3) .

Anal. Calcd. for  C1 5 H1 9 N305 : C, 56.06; H, 5 .96; N, 13.08.

Found: C, 56.20; H, 6.10; N, 13.03.
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Pi methyl 2- [2 - ( carbonyl -2-N-meth.y 1 -2-N-phen.yl h.ydrazi no) ani 1 i no ] 

fumarate ( 2 5 f ) . Equimolar qu an tit ies  (85.0 mmol) o f 1_ and the o i l  pre­

viously designated as 19_ were reacted in 90 ml of MeOH. The s l ig h t ly  

exothermic reaction'was heated fo r  1 hour on a steam-bath, cooled for  

20 hours* and scratching o f the glass beaker c ry s ta l l iz e d  19.4 g (65%) 

of the open adduct. R ecrys ta ll iza t io n  from MeOH y ie lded pure yellow  

2 5 f : mp 158-60°; i r  (Nujol mull) 3320(N-H), 1723 (es te r  C=0), 1680 

(chelated ester C=0), and 1620 cm- 1  (hydrazide C O );  nmr ( DCC13) 6 

10.52 (S, 1, N O , rapidly exchanged with D2 0 ) ,  8.53 (S, 1, N-H_, rapidly  

exchanged with D2 0 ) ,  7 .7 -6 .6  (m, 9, Ar-H ), 5.54 (S, 1, C=CH_), 3.70 (S, 

6 , C02 CH_3) ,  and 3.17 ppm (S, 3, N-CH_3) .

Anal. Calcd. for C2 0 H2 1 N3O5: C, 62.65; H, 5.52; N, 10.96.

Found: C, 62.53; H, 5.61; N, 10.84.

in vacuo  concentration of the reaction mixture to ca. one-th ird  

volume y ie lded 6.25 g (combined with 25f th is  accounts for 93% o f  19_ 

and 1_) o f a mixture of 25f and 2 7 f . An a lte rna te  synthesis of 27f is 

described below.

Reaction of 20; Preparation of 26. Equimolar quantities (56.0 mmol) of  

20 and 1_ were reacted in 70 ml of MeOH. The s l ig h t ly  exothermic reac­

tion  was allowed to s t i r  fo r  5 hours, cooled, and 10.1 g (56%) o f 26_ 

were collected. R ecrysta llization from MeOH yie lded pure yellow 26_: 

mp 170-2°; i r  (Nujol mull) 3470, 3370 (primary N-H), 1748 (ester C=0), 

1697 (es te r  C=0), and 1665 cm- 1  (hydrazide C=0); nmr ( DCC1 3) 6 7 .35 -  

6.50 (m, 4, Ar-H), 4.86 (S, 1, C=CH), 4.32 (broad S, 3, N-H_, rapidly  

exchanged with D20 ) ,  3.87 (S, 3, C02 CH_3) ,  3.66 (S, 3, C0 2 CH3 ) ,  3 .17 (S, 

3, N-CH3) ,  and 2.95 ppm (S, 3, N-CHg).
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Anal. Calcd. fo r  C1 5 H1 9 N30 5: C, 56.06; H, 5.96; N, 13.08.

Found: C, 56.07; H, 6.03; N, 13.01.

Reader Note: The structures of compounds 25a-g appear on page 72 of

this d isserta tion .

2-Carbomethoxy-2-carbomethoxymethy1 -3 -a n il  i no-2.3-dih.ydro-4( 1H) - 

quinazolinone (27 a ). A mixture o f  5 .0  g (13 .4  mmol) o f 25a and ca. 0.1 

g of NaOMe was slowly added to a refluxing xylene (dried over dry Na) 

solution (ca. 30 mmol/100 m l). Not a l l  of the solid dissolved immedi­

a te ly ,  but solution was complete a f te r  1 hour o f re flux ing . The reac­

tion was refluxed fo r  a to ta l o f 18 hours, f i l t e r e d  while hot to remove 

a small quantity  o f resinous m ater ia l, and allowed to cool a t  4° fo r  5 

hours. Vacuum f i l t r a t i o n  and washing of the so lid  with petroleum ether 

yie lded  4 .6  g (92°/) o f l ig h t  tan 27a_with mp 210-2°. Sublimation a t

180°/0 .03  Torr gave pure white 27a: mp 212-3°; i r  (Nujol mull) 3330,

3290 (N-H), 1758 (ester C=0), 1735 (ester C=0), and 1655 cm- 1  (amide 

C=0); nmr (DMS0-d6) 5 7 . 8 - 6 .5 (m, 9, Ar-H), 7.63 (S, 1, N-H), 7.35 (S, 

1, N-H), 3.68 (S, 3, 0-CH3) ,  3.44 (S, 3, 0-CH3) ,  and 3.12 ppm (S, 2, 

-CH2 -C0).

Anal. Calcd. fo r  C1 9 H1 9 N30 5 : C, 61.78; H, 5.19; N, 11.38.

Found: C, 62.00; H, 5.17; N, 11.59.

2-Carbomethox,y-2-carbomethoxymethyl -3 -an il  ino-6-ch1oro2,3-di hydro-4 (1H) 

-quinazolinone (27b). A mixture o f 11.0 g (25 .3  mmol) of 25b and 27b 

was reacted as in  27a. The resu lting p re c ip ita te  yielded 10.1 g (9250 

of the desired quinazolinone. R ecrys ta ll iza tio n  from MeOH gave pure, 

white crystals o f 27b: mp 207-8°; i r  (Nujol m ull) 3340, 3260 (N-H),
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1735 (ester C=0), and 1675 cnr1 (amide C=0); nmr (DMS0-d6) 6 7 .95-6.55

(m, 8 , Ar-H), 7.88 (S, 1, N-H), 7.53 (S, 1, N-H), 3 .70 (S, 3, 0-CH3) ,

3.47 (S, 3, 0-CH_3) ,  and 3.12 ppm (S, 2, -CH2 -C0).

Anal. Calcd. fo r  C1 9 H1 8 C1N305: C, 56.51; H, 4 .49 ; N, 10.41.

Found: C, 56.62; !i, 4 .42; N, 10.46.

2-Carbomethoxy-2-carbomethoxymethyl-3-(4-chloroanilino)-2,3-dihydro-4  

(IH)-quinazolinone (2 7 c ) . A MeOH solution o f 7.0 g (17 .3  mmol) o f 25c 

was reacted as in  27a. Cooling o f the reaction mixture yielded 6 .4  g 

(91%) of c ry s ta l l in e  quinazolinone. R ecrysta lliza tio n  from MeOH or 

sublimation at 190°/0 .03  Torr gave pure white 27c: mp 221-3°; i r  (Nujol 

mull) 3360, 3320, 3250 (N-H), 1755 (ester C=0), 1725 (es ter C=0), and 

1665 cm- 1  (amide C=0); nmr (DMS0-d6) 5 7.72 (S, 2 , N-H), 7.65-6.65 (m, 

8 , Ar-H_), 3.69 (S, 3, O-CH3 ) ,  3.48 (S, 3, 0 -CH_3 ) ,  and 3.12 ppm (broad 

S, 2, -CH2 -C0).

Anal. Calcd. fo r  C1 9 H1 8 C1N305: C, 56.51; H, 4 .49 ; N, 10.41.

Found: C, 56.70; H, 4 .65; N, 10.36.

2-Carbomethoxy-2-carbomethoxymethyl- 3 - (4 -n itroani l i n o ) - 2 ,3-dihydro-4 

(IH)-quinazolinone (27d ). A mixture of 20.0 g (48 .3  mmol) o f 25d and 

27d_ was reacted as in  27a. A fte r  refluxing the reaction mixture fo r  5 

hours, 19.25 g (96%) o f the desired quinazolinone were obtained. Re- 

c ry s ta l l iz a t io n  from MeOH provided pure white c ry s ta l l in e  27d: mp 

201-3°; i r  (Nujol m ull) 3342, 3240 (N-H), 1740 (e s te r  C=0), 1732 (ester  

C=0), and 1670 cm- 1  (amide C=0); nmr (DMS0-d6) 6 8 .98  (S, 1, N-H), 8.02  

(S, 1, N-H), 8 .2 6 -6 .7 0  (m, 8 , Ar-H), 3.71 (S, 3, 0 -C H j) ,  3.58 (S, 3, 

O-CH.3 ) , and 3 .28 , 2.99 ppm (AB quartet, 2, J=16.5 Hz, -CH2 -C0).
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Anal. Calcd. fo r  C1 9 H1 8 Ni+07: C, 55.07; H, 4.38; N, 13.52.

Found: C, 55.31; H, 4.45; N, 13.64.

2-Carbomethoxy-2-carbomethox,ymethyl-3-(4-ni t ro a n il in o )-6 -ch 1 o ro -2 ,3 -  

dih.ydro-4(lH) -quinazolinone ( 27e). The cyc liza tion  o f  20.0 g (44.5  

mmol) of 25e in  re flux ing xylene was effected as above, except tha t the 

reaction mixture had to be s t ir re d  because the quinazolinone was pre­

c ip ita t in g  and preventing uniform bo iling . The resu lting p rec ip ita te  

represented 18.75 g (94%) of 27e. R ecrysta lliza tion  from MeOH gave 

pure white 27e: mp 211-2°; i r  (Nujol mull) 3360, 3300 (N-H), 1755 

(ester C=0), 1735 (ester C=0), and 1680 cm- 1  (amide C=0); nmr (DMS0-d6)

6 8 . 8 6  (S, 1, N-H), 7.98 (S, 1, N-H), 8 .07, 7.03 (AB quarte t, 4 , J=

9.5 Hz, Ar-H o f 4 -n itro a n il in o  moiety), 7.67 (d, 1, J 5 ^7 =2.5 Hz, Ar-H5) ,  

7.35 (d of d, 1, J 7 / 5 =2 . 5  Hz, J 7 >3 =8.5 Hz, Ar-Hy), 6.93 (d, 1, J 8^7=

8.5 Hz, Ar-Hg) ,  3.73 (S, 3, 0-CH3) ,  3.50 (S, 3, O-CH3 ) ,  and 3 .25 , 3.00 

ppm (AB quarte t, 2, J=17.0 Hz, -CH2 -C0).

Anal. Calcd. fo r  C1 9 H1 7 ClNi+07: C, 50.85; H, 3.82; N, 12.48.

Found: C, 51.09; H, 3.92; N, 12.65.

2-Carbomethoxy-2-carbomethoxymethyl-3-dimethylamino-2,3-dihydro-4(lH)- 

quinazolinone (2 7 g ). The cyc liza tion  of 9.00 g (28.0 mmol) o f 25g as 

in 27a afforded 7.5 g (84%) of the quinazolinone. R ecrysta lliza tio n  

from diethyl ether gave pure white c ry s ta ll in e  27q: mp 137-8°; i r  (Nujol 

mull) 3270 (N-H), 1750 (ester C=0), 1736 (e s te r  C=0), and 1645 cm- 1  

(amide C=0); nmr (DCC13) 6 7 .95-6 .50  (m, 4, Ar-H ), 5.55 (S, 1, N-H),

3.71 (S, 6 , 0-CH3) ,  3.36, 3.00 (AB q u arte t, 2, J=16.5 Hz, -CH2 -C 0),

2.89 (S, 3, N-CH3) ,  and 3.86 ppm (S, 3, N-CH3 ) .
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Anal. Calcd. fo r  C1 5 H1 9 N3 0 5 : C, 56.06; H, 5.96; N, 13.08.

Found: C, 56.12; H, 5.99; N, 12.86.

2-Carbomethoxy-2-carbomethoxymethyl-3-(N-methylanilino)-2,3-dihydro-4 

(IH)-guinazolinone ( 2 7 f ) . Treatment o f 9.00 g (23.4 mmol) o f 25f as in 

27a resulted in a p re c ip ita te  of 7.82 g o f the quinazolinone. Re- 

c ry s ta ll iza t io n  from MeOH or sublimation a t  190°/0.03 Torr afforded 

pure white 27f: mp 225-7°; i r  (Nujol mull) 3295 (N-H), 1752 (ester C=0), 

1735 (ester C=0), and 1670 cm- 1  (amide C=0); nmr ( DCC13) 6 9.22 (S, 1, 

N-H), 7.95-6.55 (m, 9, Ar-H), 3.73 (S, 3, 0-CH3) ,  3.45 (S, 3, O-CH3 ) ,  

3.39 , 3.18 (AB q u arte t,  2, J=17.0 Hz, -CH2 -C 0), and 3.01 ppm (S, 3, 

N-CH3).

Anal. Calcd. fo r  C2 0 H2 1 N3O5 : C, 62.65; H, 5.52; N, 10.96.

Found: C, 62.90; H, 5 .61; N, 10.74.

Attempted c.yclizations of 26. A mixture o f 1.0 g (3 .2  mmol) of 26 and 

ca. 0.02 g of NaOMe was added to refluxing xylene as in  25a. Refluxing 

fo r  32 hours and cooling to 4° fo r  20 hours provided 0.87 g (87%) of

26. Concentration of the xylene in vacuo  and d i lu t io n  with petroleum 

ether yielded another 0 . 1  g of 26.

Because of the unsuccessful attempt a t  c y c l iza t io n  u t i l i z in g  NaOMe/ 

xylene, a thermal ring closure was investigated. 1.60 g (5 .0  mmol) of 

26 were heated to re flu x  in 90 ml of decal in (bp 190°) fo r  3 hours.

A fte r  cooling fo r  several days 1.4 g ( 8 8 %) of 26_were recovered.

Diphenyl ether was also used as above with the same re s u lts ,  i . e . ,  only 

26 was recovered.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2 ,2-Dim ethyl-3-anilino-2,3-d ihydro-4(lH )-qu inazolinone 29, R=H.

101

A solution containing 1.35 g (5 .9  mmol) o f 17a in 150 ml o f acetone and 

a crystal o f  p-toluenesulfonic acid was refluxed on a steam-bath for 5 

hours, m  vacuo  evaporation of the acetone gave a white c ry s ta ll in e  

solid. Recrystallization from acetone yielded 1.36 g ( 8 6 %) of pure 

white 29, R=H: mp 237-40°; l i t .  mp 235.6 -43 .6 ° ; 15 i r  (Nujol mull) 3320, 

3280, 3260 (N-H) and 1625 cm" 1 (amide C=0); nmr (DMS0-dG) 6 7.85-6.35  

(m, 9, A r-H j, 7.63 (S, 2, N-H), and 1.51 ppm (broad S, 6 , -CH^).

2 ,2-D im ethyl-3-(N -m ethylanilino)-2 ,3-d ihydro-4(lH )-quinazolinone  

(29, R=CĤ ). A solution containing 10.0 g (41.5 mmol) o f  19_ in 150 ml 

of acetone was refluxed on a steam-bath for 1 hour. Cooling of the 

reaction mixture resulted in a p rec ip ita te  of 9.50 g (82%) of 29, R=CH .̂ 

Recrysta lliza tion  from acetone gave white c ry s ta ll in e  29, R=CH^: mp 231 - 

2°; i r  (Nujol m ull) 3330, 3300 (N-H) and 1645 cm" 1 (amide C=0); nmr 

(DCC1 3) 6 7 .85 -6 .58  (m, 9, Ar-H), 6.20 (S, 1, N-H), 3 .38 (S, 3, N-CH3 ) ,

1.61 (S, 3, -CH_3) ,  and 1.54 ppm (S, 3, -CH^).

Anal. Calcd. fo r  C1 7H1 9 N30: C, 72.57; H, 6.81; N, 14.94.

Found: C, 72.44; H, 6.92; N, 14.88.

Attempted formation of HC1 s a lt  o f 27q. Diethyl ether (30 ml) was

saturated with HC1 gas. This solution was added with s t i r r in g  to a

solution o f 1.00 g (3 .12 mmol) o f 27g in  150 ml o f  d iethyl ether.

After ca. 5 minutes the solution became cloudy and a p re c ip ita te  began 

to form. Continued s t ir r in g  fo r  24 hours in a stoppered Erlenmeyer 

flask yielded 0.75 g of a readily  water soluble so lid ; i r  (Nujol mull) 

3150-2300 (broad N-H) and 1680 cm- 1  (hydrazide C=0); nmr 6 8.32 (S, 4, 

N-H, rapidly exchanged with D2 0 ) ,  7 .90-6.40 (m, 6 , Ar-H_ and N-H, in te -
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grates fo r  4 a f te r  D20 exchange), and 3.22 ppm (S, 6 , N-CH_3). Neutra l­

iza t io n  o f the so lid  with aqueous NaOH yielded 0 .5  g of the s tarting  

hydrazide (1_8). The addition of 2,4-din itrophenylhydrazine to the 

ethereal mother liquo r did not re su lt  in  the formation o f a hydrazone 

p re c ip ita te .

Methylation of 27a. Following the general procedure of Heindel, 

et a! . 11 a solution of 0 .30 g (0.82 mmol) o f 27a in 2.5 ml of DMF 

( fresh ly  d is t i l le d  from P2 O5 ) was added to 0.97 mmol of NaH in 2.0 ml 

of dry benzene. The dark red solution that resulted was s t ir re d  un til  

the evolution of gases ceased (ca. 5 minutes) before the dropwise addi­

tion o f 0.15 g (1 .14 mmol) of Mel was in i t ia te d .  The reaction mixture 

was then heated at 80° fo r  1 hour during which time the red color be­

came a yellow-orange. The reaction was cooled to room temperature, 

treated with a small amount of Me0H-H2 0, and d ilu ted  with ice water 

u n ti l  two d is t in c t  layers formed. 0.10 g of 27a was removed by f i l t r a ­

tion and the aqueous layer was separated and extracted two times with  

25 ml of benzene. The benzene layers were combined, dried (Na2 S0i+) > 

and concentrated. 0.05 g of 27a was f i l t e r e d  o f f  and the remaining o il  

was t r i tu ra te d  with MeOH to y ie ld  0.10 g of so lid  m ateria l. The i r  

(Nujol mull) of this material contained a broadening in the N-H and 0=0 

bands from that o f 27a. Below are the results o f the th in  layer 

chromatography of the methylated m ateria l.

Thin lay e r  chromatography (TLC) of the product from the methylation of  

27a. The separation of 27a and 27f_ by TLC was shown in the following  

manner. The TLC plates were preheated at 120° fo r  1 hour before the
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compounds to be separated were applied. The compounds were applied as 

ca. 1% ethyl acetate solutions with a m icrocapillary . The s ize of the 

spot was lim ited  to 3 mm or less. A fter the compounds were applied the 

plates were again heated fo r  15 minutes a t 120°. The plates were de­

veloped in an Eastman Chromagram Developing Apparatus (cat. no. 6071). 

The s i l i c a  gel plates were developed with 65% benzene/35% ethyl acetate  

by volume fo r  30-45 minutes. The aluminum oxide plates were developed 

with 80% ethyl acetate/20% acetone by volume fo r  30-45 minutes. Visu­

a l iz a t io n  was achieved by using a uv l ig h t  source on the fluorescent  

in d ica to r . By simultaneously developing three spots consisting of 27a, 

2 7 f , and a mixture of 27a_ and 27f on both s i l i c a  gel and aluminum oxide 

the following data were obtained.

Compound Rf Value TLC Composition

27a 0.69±0.04 S i l ic a  gel

27f 0.37±0.04 S i l ic a  gel

27a 0.72±0.04 Aluminum oxide

27f 0.49+0.04 Aluminum oxide

When the methylation product was developed simultaneously with 27a 

and 27f on s i l i c a  gel two major components separated from the methyl­

ated mixture. These two compounds had Rf values identical with the Rf 

values o f 27a and 27 f. There were also two minor components with Rf 

values less than 0.30.

On the aluminum oxide the methylated product was also developed 

simultaneously with 27a and 27f. Here again two major components
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separated from the mixture with Rf values iden tica l with the Rf values 

of 27a and 2 7 f . There was also a minor component which had an Rf value 

o f 0 . 2 1 .
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He received his Bachelor of Science degree, Summa cum laude, in 

1967 from Mount Saint Mary's College, Emmitsburg, Maryland. He was 

awarded the Edward J. Flanagan Memorial Prize to a member of the Senior 

Class who best represents the ideals o f  Mount Saint Mary's College.

Mr. Fives entered Lehigh University as a Graduate Teaching 

Assistant in September, 1967. In September, 1968 he became a Graduate 

Research Assistant sponsored by Atlas Chemical Industries.

Mr. Fives is  a member of the American Chemical Society and the 

Society of the Sigma Xi.
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