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~The objecfiyeslof.this work were fourfold. Fir;tly; the

oxidation of semicarbazbnes witﬁ lead tetraacetate was examined

from the point of view of pfoducts_and of mechanism, as related

to the mechanisms of other 1ead‘tetraacetate oiidations of car-

boﬁyl derivatives. Secoﬁdly, the chemlstry of the acetone semi-

carbazone-oxidation prodﬁct, 5,5—dimethyi¥a3-l,3,4-0Xadiazolin—‘

2-one was investigaﬁed Thirdly, the chemistry of the methyl
lithium addition product of 5,5~ dimethyl A3—1 3,l4~-0xadiazolin-

2~ one, 2- hydroxy-z 5,5-trimethyl- A3 1 3 H oxadiazoline, was

—

studied mainly from the aspect of its novel radical chaln ther-

mal decomposition' Fourthly, a general principle regarding

radical pathways was put forward.
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-_examined in considerable detall by various workers since the’

R . 0 . R y— L = _‘
L] H:b=N—NH—g-NH -—EEEE3§> N\ | R_gf' b£§‘c_OH

INTRODUCTION .

I--OXIDATIQN OF SEMICARBAZONES.

" A) ALDEHYDE SEMICARBAZONES | : : B B

The oxidation of aldehyde semicarbazones (1) has been:

ﬁurn.of the century.' The earliest reported work on the oxida-
tion of' (1) apoears to be that of Young and co-workers.in‘
1900 a&ﬂrl901. uIn"1900, Young and Whitham1 preparéa a series

oflhydroxytriazoles (2) by oxldizing aryl\ﬁemicarbaZOneSV(l,

'R =‘C6H5’ m-0,NCH, , CGHSCH=Cd) wich ferrlc ch}oride (eq. 1).

-

a

R-C C-OH
EtOH \h‘N"’ ‘

(1) 130°C
The reaction conditions were somewhat drastie-requiring'heat-
ing of an alcoholic solution to 130°¢C 1n a sealeqd tube The

original authors advanced no mechanism for this transformation.

\1tham "probably proceeded by ‘a radical mechanism
_ Using a very-:similar -oxldation procedure (ferric o

chloride 1in ethanollat 10096'1n'a sealed tube), Young and

2

Oates< in 1901 succeeded in preparing‘a series of l-methyl-



. 5-hydroxytriazoles (4) from 2-methylsemicarbazones (3) (eq. 2).

' /“R‘Again;méchahistic information was not Included. 'Isomgrization

R

) N | -FeC_lB/E}:OH ——
H,C=N"N“87NH2 : T00°G /N ’/,C —OH
L : &HB A A - \“HNf/’
2] - _ | -
. 3 - W
R = CGHS’ m—OZNgsﬂu,'FGHSCHfCH. ~
N of (4) to the triazolone was not reported and various deriv-

atives prepared by Young and OQates’ 1ndicated that (4) was

(1)

the correct structure of the oxidation product

/

In 1903 Bfasch and_Walter3 used the oxldation conditions

1’22t01ox1dize the 2,4-diphéenylsemicarb-

of Young and co-workers
azone of‘behzaldeﬁyde (5)- (eq. 3). They obtained the analo-

gdus product. the 1,3,4-triphenyl-1,2,4-triazolone (6).
~ w .

L o R T - . FeCly/ELOH )I—N’ RO
o >=N’—N.—C_2—NHR > o =0 NN
B ETR S S~ o
- L B3 b - | R
) RS (5) , |
| SN — | (6)
“‘7‘ R = C6H

5. ' -

ker ahd Mulder% employed the method of Young and
. Oates2 to oxldize various 2~ and 4- substituted semicarbazones

In sdﬁabing, they obtained the 3—hydroxy-l 2,4- triazoles (7)/



azoriés (1) was published by Hoggarth

‘conditions of Young and Whitham

~ products of the oxlidation,

.to the 4-aryl-5-hydroxytriazoles (9) (eq. 5). In a later

(eq' 4) . The purpose or preparing compounds (7) was to study

their nitration with sodium nitrite - ' .

"REDI - . FeCly - -——N<; oy, ““¥§b
- F=N-N-C-NHR, -—f———§> RoC —OH R, -C —OH
H : 1 \\‘N o1 N

27 - . . A ’-\ -.

[e) - : {7
Ry = .CHy . CH3 \ ?5H5’ .
R = H ,. H ’ H ; CGHS. ! a

An attempt to prepare the hydroxytriazole (2 R "= C6H ),
by oxidation of benzaldehyde semicarbazone with nitric acid,

was reported in‘;QlTS. These authors claimed that the semi-

_carbazone reacted, but they were unable to 1dentify the products.

The next paper on the oxidation of aldehfde semicarb- .

6 in 1949, Using the

1. he prepared a series of
hydroxytriazoles (2, R = CGHs,-p-CICGHu, p—CH3OCGHu) from the
corresponding semicarbazones. He noted that considerable
amounts of the correSponding azines were also formed as by-

In 1959 two Indian workers repofted7 a simpler, more
efficlient preparation of‘hydroxytriazoles-from semicafbazones.

Remachander and Srinivasan found that oxidatidn of Y-aryl-

semicarbazdnes‘(B) with alkaline potassium fefricyanide led

»




T . : ll

l b&ﬁér-Sriﬁ;Qaéapwand co-workers® reportéd the preﬁﬁbatiéh‘of‘
| a Yﬁriety of (9)~by'o¥jdation of'(S)-yith,alkalihe'potassiuml
-ferriéyanidg, ”Tﬁe,ﬁlpr&&iolet and 1nrréred spéépra of the
products (9) were discussed in detail in this later paﬁer.--

N, T AN

"~ U=N=NH-C-NHR : R- c -OH

H 1 HO™ - ) -~ \\\E,,f

(51 . 8 . I T
R = CHc, p—H3CCGH o ~‘.\ ' (9) - - :“
Ry = CgHg, p- CHBOCGHH, m-0 NCSHu -

s .

* A report on the photooxidation of semicarbazones (1)
was published 1in 1960. Using porphyrin photosensitizers,
Sharpg ox;dized‘a wide variety ofﬁorganic substrates, including.
éldehyde semicarbézones.r The re;uiting products were not
described in the abstract. | | ' .
. The first mention of products other than the triazole
derivatives from semicafbazone oxidation.was in a publieation
In 1952. 1Itallan ?gseércherslo prepareq;2—amino-5-phenyl— 4 .
l,3,h—oxadiazole (10, R = C6H5)'from quzaldehyde semicarﬁazdne
using hot alkaline sodium hypobromite or-hypoiodite (eq. 6).

\a.later and more extensive studyll, these workers reportedi

In
the generélizatxon of the pregeding"oxidatiOn. Using a differ-
ent oxidant, namely bromine in alkallne solution added to the

SemiQarbazone in acetic acid, they prepared a'large number of



)

- that from the aromatic analogues came to 80-90% They also

-

2-amino-l 3,4- oxadiazoles {(10) (eq 6) Ihfneither of these

. two papers was a mechanism suggested ror the oxidation

- R\b ;ﬁ . NaOX/HO™ N—
) S Orerzzﬁo’/ﬂoae;> B- \‘*o”’ _NH
[6] ’*f\ | . (x=pBr, 1), W0
R = CGHS, p-CH3ocBHu, 3,4-(CH,0) 06H3, 3,ﬁ-ce2o2csﬁ3,
- . CgHgCH=CH, CgHCH,, CgHgCH,CH,

s

The first reported oxidatlon of allphatic aldehyde

12 used A

eemicarbazones appeared 1in 1962. Gehlen and Méckel
iodine in sodium carbonate solutlion to oxldlize a variety of
aliphatic and aromatic~aldehyde semicarbazones. 'The& found
that tRe products were the oxadiazoles (10) and that the yleld

from aliphatic.aldehyde semicarbazonesLwas‘only”10—201 whi%e

' observed that, in some cases, bromine was a better oxidiziné

légent than lcdine.

" Up to this point in time, the reports on oxidation of

aldehyde semlcarbazones were purely synthetic in nature with

‘1little or no reference to the mechanlsms involved. 1In 1962,

Gibson'3 syngheeized two oxadiazoles (10)'by oxidation of the

'semicarbazones of benzaldehyde and p-anisaldehyde with bromine

\ .
in acetic deld containing sodium acetate (eq. 7). He claimed

that his reaction conditions encouraged the "in situ" formation

o) k!
Bl
I



»
of &' nitrilimine intermediate (11)thich subsequently closed
to the 5 suhstituted Zwamino 1, 3 N-oxadiazole (10). He fdund

[}

sugport for thls mechanism in the fact that oxidations

tconditions not amenable to nitrilimine formation (eg. ferric

13

chloride oxidation which Gibson claimed proceeded by a

radical mechanism) invariably led to triazoles,ﬁ?) rather
than to oxadiazoles (10). S

-

T )

- ) BI‘.-, . CN /
H>C-N—NH—E~NH2 - 2 > R~d:¢’7;>?’—NH2
3 HOAc/NaOAc - '
| . (11)
. . ¥ : N—N
| . " 7 N\

ReC\w$O(f,C-NH
- (10)

" The preparapiondof.2fdimethylamino-1 3, H—oxadiazoles
(13) was  first reported in 196H‘ Najer and co-workerslﬂ
oxidized benzaldehyde 4 Hndimethylsemicarbazone (12 : CSHS)
using the conditions of Gibson13 ~In a later study 5, ﬁhe&
prepared a variety of oxadiazoles (13) by oxidizing several
aromatic aldehyde il 4-dimethylsemicarbazones (12) 4ith Gibson' s.
procedure (eq..8). They found, however, that p—chlorobenzal—ﬂ

dehyde 4,4-dimethylsemicarbazone (12, R = p=ClC.H,) did not
- -2 . : - .
oxldize to (13, R = p-Cleﬂu), but gave Iinstead the 1—(u—bromo-

\I



T
p-chlorobenzYLidehe)-U:H—dimetﬁyisemicarbaz e'(ih).i‘An
R‘\I;‘N NH @ I;I/CHB  Bro/Ohe . /N__N /3
oo “eiy wore > o CH,
8] - (12) | (13) -
— R 6H5’ p- CHBOCGHH’ o-CH CGHH’ m-CH OC6HH’

3
34(030) 63 LT '

i

explanation for this‘anomdly was ndt given. The compounds (13)

were prepared té study their dnti;infiamﬁa%;ry activity in

v

‘blologlical systezj. a

0 CH
.‘| B . C =N ’ " / . 3
,i ‘ p" 106}11‘"‘.?— "NH—C—N\CH . -
' ' - Br 3

I ;j" | - _.(1u)-

The oxidation of semicarbazones (1) where R is neither

-;alkyl nor aryl was first published in 1966.by Werber and
L S _
I BQEcheri Using lodine in agueous sodium carbonate, they

oxidized n-butylglyoxylate semicarbazone (15) to the 2-amino-

5—carb0xy-1?3§ﬂ—oxadigzole (16) (eq. 9). Hydrolysis of the

-

'~
ester presumably occurred during workup.‘.Decarbéxylation of

(16) was accomplished by heating in-water.

In a later paperlT, Werber and co-workers used both

odiﬁm hypobromite and bromine plhs anhjdrous sodlum acetate



¥

.o - zk
| . , | .
I I . : . / =
- 2 7> N\
- 'n-BuO-C—CH=N—NH—@-Nﬁ | ——>  HO,0~C NC—NH
Lol . - y .aq"Na2°{3 \O/, i

(15) Sae

in acidic solution to oxidize alkyl glyoxylate semicarbazones
(17) (eq 10). Theyg;bund, however, that the oxadiazoles

were not formed directly as when lodine was used (eq. 9).

»

. , P
- NaOBr ﬁ . @
RO'_—,C—CH=N-—NH—C—NH2 RO-C-C=N-NH- —NH2
. |
i , _ or Br2 B
4.~ an |
; ©(18)

rang R = CH,CH,CH,CH,, CH,CH,, CH,

3727 : W\Gqugw/f

, i Nn__Q\
H_’ .
' : RO- —C C- NH i
. ‘ . (19)
Instead, th wund that a bromide (18) was formed and trpt

this bromide coul be converted to the oxadiazole (19) th

P

gsodlum blcarbonate. \\ %

Werber and co-workers published a paperla in 1969
disputing the work of Najer and COa-WOrkersl5 (see page 6).
They reported tnat oiid%t;on of* p-chlorobenzaldehyde Mi&—

dimethylsemicarbazone (12, R = p—GlCSHuj'under Gibsoﬁ“sl3

condltions géfé a perbromidé rather than (14) as reported by



te

-

Najer.- Tﬁis perbromide, when‘dissolved in methanol, gave th

zole (13, R = p- ClCGHH) as well as the free bas

';these author& preﬁ“red a series of (13) with R = 0- BrC6 ys

19 also oxidized phenylglyoxal‘

- Werber and co-workers
semicarbazones (20). With bromine and spdium acetate in
acidic solution they obtained the corresponding bromides (21)

(eq. 11). These bromides were ther cyclized to the oxadiazoles

(22) with triethylamine. In the case of (20, R1=R2 = CHé),
oxidation gave (22, Rleha = CH3) directly. .
R: . R
N /% Bry g N 71
C  H_“C~CH=N-NH-C~N € H_-C~C=N-NH-C-N
675 0ac” 6°5 g R
’ (21)
R, = H, CH,, C.H..
[111 1 37 7675 £N
R, < H. ‘
. @ /N \\ k!
. 6 \\‘O”’ )
(22)

Gibson's theory13 of the nitrilimine 1ntermediate (11)

(see page 6) was revived and supported in a- series of papers

published by Butler ‘and co—WOrker320 -24 between: 1970 and 1972

These authors20 21 used bromine as the oxidizing agent on

R e el a2 D




10

aryléldehyde seﬁicarbazonés (1, R = aryl). rUsing fwd-sét# 6f
;E?étioh_condiﬁigns they obtgined two different products. In
oﬁe case, they used'anhydroqs acetic acid as the solvent and
isolated the trilazolones (23). These arose from cycligation

,to the terminal nitrogen of the semicarbazones. When they

—_— - B
R déy NQb'O : R\d/' QQb NH
T NN - B ~o— R
H - | |
(23) | (10)

‘used acetlc acld contalning either water or sodium écetate as .
{

the soivent, the products were the 2—amino—l,3,HJoxadiazoles
(10) (see page 5). The samé:authors also reported22 the -
formation of the Qxadiaéoles (10) when using lead tetraacetate
in énhydrous aeetic acid éslthe oxidizing‘agent.
To explain ﬁhe formation of prodﬁcts (23) and (10),

they proposed a mechanlstilc scheme-involv%ng ﬁydrazidic

. .bromides ahd nitrilimine 1ntermediafés (Scheme I).  Cilting
the fact that hydrazonyl halides of tﬁe type (24) had been
isolated by reaction of halogens with'ary;hydrazones éf'
aldehydes23, they’assumed thqt a similar species (?5) was
formed from aldehyde semicarbazones and bromine. Héwever, no
such species was 1solated. Hydrazonyl halides (24) h;d also
been reportedgﬂ\%o undergo hydfolysié via nitrilimines like (li)

or carbonium ions, depending on the pH of the medium. . Butler.

2N



11

S s

‘ ~-and co—workers cited this work to substantiate their claim ,:
that the supposed intermediate (25) would also hydrolyze via

the nitrilimine (il) or the earbonium ion (26).

Scheme I : -

, R-CH=N7NH—CO—NH2

- : - \L R

' R-CBr=N-NH-CO-NH, - (cf. R-CBr=N-NHR')

(28)
- 4 ' + -
R-C=N—NH+CO-NH2 ’ R—C=N-—N—CO—,~NH2
(26) | (11> |
N—NH ' N—JLN ' '
7 - 70N
R- c{\‘N’/, | R—CENHO”,C NH,
H ‘ 5 | - S
(10)
(23) .

To eceount for the formation of (23) they‘progosed
that, in anh}drous acetic acld, speciles (25) ilonized exclu-
eivelyfto glve (26). The triazolone (Zﬁ)rthen feeulted from

"ﬁucleophilic attack of the terminal nitrogen at the carbonium .
ion siterﬁtsome oxediazole (iOl, resulting from oxygen attack,
was also formed in low yield.- Formation of (10), in acetic

acid containing water or sodium-acetate, was explained as

. follows. The species (25) was said to undergo a 1,3—dipelar

A



e’ — R .- g
's' \ I 12
5

“ elimination to give the nitrilimine (11), which was then
presumed to do an intramolecular 1 5 diﬁolar cycloaddition to -
give (10). B ‘

The .result of the oxidation of 2—methyl$em1carbazone5‘
(27) (eq. 12) by the same authorszO’E} was cited as further
proof of the proposed mechanisms in Scheme'I.' In this caéé,
' nifrilimine;formation'was structurﬁ;}y proh;bited, whereas
carbonium ion formation was'pot. Under éonditions where.
oiadiazolésuflo) normally formed, (é?) did .not. react. However;g}

using conditions which previously led to\the zolones t23);

(27) gave the triazolones (28). This tends to support the inter-

' " R-CH=N-N-C-NH 0 rec?
El2] | 2 L e, \\“N”’
; 3 | | _ H
(27) - (28)

" mediacy of carbonium lons in the formatioﬁ of triazolones,
but goes ﬁot brdve:that nitrilimines are necessary for the :
formation of oxadlazoles (10). It should be noted here,

. 3 Ll

- . -,

however, that similar systems such as amides and ureas, undergo

electrophilic attack at bxygen25’26

not nitrogen as Butler
claims for his intramolecular cyclization af (26) to (23).

It 1is interesting to note that both Najerl5 and
We ber17 19° had reported the isolation of hydrazidic halides
of the type (25) before Butler and co-wprkers‘postulated them

L]



L

“ier work.

. 13

as intermediates in semicarbazone oxidation Hdwever, it

3

. seems that Butler and co-workers were not aware of this arl-

- Further oxidation of the Qfgdiezeles (10) 1is possible

27

endewas in~factlreported as early as 1929. The products

obtained were the azo- 1 3, H-oxadiazoles (29) “ For a more

-detajled account of the chemistry of oxadiazoles the‘reader'

is referred to a revlew on the subject by Russian aut%ors28f

f —N . N—N
t R C&;\I <§C N=N- 047 Q} -R D -
| \\“O”’ \“‘O”’ lﬁk
(29),
B) KETONE SEMICARBAZONES
> The oxidation ef'unsubstithted ketone semicarbazones

(30) has received little or no attention in past literature.

Oxidations have been limited to 2- or 4- substituted semicarb- ,

'\/

azones (31) and semicarbazones of a—fuﬁctionalized ‘ketones

(32).
R ) -0 . R
\ i \ /ﬁ3 U
C=N-NH-C-NH C=N-N-C-N /ﬂ N—NH— -NH
i 2 . ; 2
T s G
(30) L (31) | C(32)

A .

-

The earliest reports on ketone semicarbazone oxidation

A
el

-



_lq

t
.
[y

appear to be those of’ Bougault In g series of papers29 32 -
.'published between 1916 and 1929, he reported the results of
oxidizing a-keto acid semicarbazones (33) with iodine in
aqueous sodium, carbonate (egq. 13). Initlally he reported29 »30
the oxidation products to be the acylsemicarbazides (34) on

the basis of a single analysis and a’ comparison of melting

-
-

points with those of known acylsemicarbazides. These melting _
jPoints differed -from his by 15 to 25 degrees In 1919 Bougault
\Published3l a correctionxstating that the product of the
oxidaticn was not (34), but rather a- compound with a fdrmula
-  that differed from formula (34) by a molecule of,water. At -

i

R 0 0 0 -.

' - 1 « I,/Na,CO n - il
N - \C=N—NH—&—NH2 2 2 3 > R-A—NH-NH_'C-NH2
, X Hozc/ , . . Hy0 :

[131 . (33) - - CEm
| R = CgHsCH;, Cgl SCHRCH //;; - (CHy ) 5€:

1

this point he made no mention of what the product might be,

‘but inia later paper32, he suggested that the oxidation

products might be the triazolones (35).

JF___NQ éy———%b . E _

~C : = - - ‘ R~C- ~NH-

R \“‘N”’C 0 R C~\\N’/,C OH R NH-NH-CN
‘H 5 H
(35) - | - (36) 3D




In 1941 anether Freénch worker confirmed- that the

products df‘Bougaulq!s.oxidation‘(eq. 13) were the triazolones

(35). Girard®33" claimed that, on treatment with alkali, >

"(35)ftéutomerizqd
) . o

'ierl. < e
o

the hydroxytriazoles.(36)-repOrted earl-

A1l of the'afofeméntioned results of oxidationAif

(33) were disputed in 1949 by Gehlen3%. ‘He clalmed that the
ﬁ;oducts'obtained by Bougaulf_were the B—N—cyanondra;ides
(37). This claim ﬁas based on the meltlng points~of Bougault's
products mixed thh_;Lthentic samples;of'fBT),-prepéred from
tﬁe reaction of—hydrafadeé Qith cyanogen bromide. There was .-~
hq depresslon of melting points; S0, Gehlen aésigned15€ructuré;
(37) to Bougault's oxidation products. To explain the work

of Girard, he pbintéd opt‘that'alkaline treatment of (37) " - -
would lead, via the acylhydrazides‘(34); to the triazolones
tés):which could then tautomerize to the hydroxytriazoles (36{:\"

In 1960 Maggio and co-workers®t oxidized the semicarb-

azones of phenylpﬁruvic_aéid and behzylbyrﬁvic acid with"

iodine 1n aqueous sodium carbonate. By comparilson with

authengic samples, they concluded ﬁhat the products obtained .
: ”

4
Pl

were the 2-amino-1,3,4-oxadiazoles (10). They went on to say |
that Beugault's products also had the structure (10) and that'4h
Girard's alkaline treatmenf'led to the triazolones_(BSj via
‘the acylhydrazides (34). |

It appears then, that the strucfure of the produbts

obtained from the oxidation of a-keto acid sémicarbazones (33)
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remains in doubt

. ) e
Photooxidation of ketone semicarbazones (30) was re- .
orted9 in 1960 but the products were not described N | N
P o
Oxidation of substituted semicarbazones (31) Was firsti_'

reported by Iffland and co—-workers36 in 1963 These ﬁorkersf

'reacted benzophenone 4 u~diethylsemicarba20ne (38) with. lead

tetraacetate (LTA) and 1solated 2—oxo-1,1- diphenylpropyl di- -

‘ethylcarbamate (39) in high yield (eq 1u) The same result

was obtained with the.morpholine derivative of benzophenone-

semlcarbazone which gave 2—oxo—l l—diphenylpropyl 4'—morpho—

line carboxyléte These results were in contrast to those_

obtained with the corresponding hydrazones which were. converted

to azoacetates under the same conditions37. '

0 CH.CH ~ .CéH

i CHy  LrA 5 ﬁ SFHgCHy
| N-NH-C-N_ , : /:c ~0-C=N__ ,
(14 o OESHy €65 %:o (CHCH3
eooe, " oW
+(38) | S BT ‘)

-~

The mechanism put forward for this novel rearranp_;ement\/,,”r
was as follows (Scheme I1)-+ The semicarbpzone (38) was con="

verted by the LTA to the azoac ate (MO). This azoacetate '

subseqpently rearranged to the intermediatp (Ml} by intra-

/molecular nuoleophilic displacement at- the amide carbonyl and

by loss of nltrogen from the gquasi five membered ring By a

1,2 shift analogous to the Stevens rearrangement, (41) went ~

b -
i
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~on to glve thé carbamate (39); .
Scheme II ' . ]
o CeMs '4N=§fi
e 0 - CH,CH ~
675 Bt 273 ¢ =0 : _
'\C=N—NH—}J-— : N
) c.H” 3 B
675 «
S (38) R
CH -ﬁ SHCHy | .5>C' . ﬁ _—
cw” -0- —‘N\CH o <— CgHg /&—— ~N-CH,Chg-
675 C=0 2773 ' C CH,CH
: /20N 2773
H ~ 3
23 :
g (39) . , ' (43)

The o#idationibf 2-phenylsemicarbazones (42) was
examigkd in some detaii by three separate research groups 1n W
1968. Schildknecht and Hatzmann38 reported the formation of
phenylagométhyl isécyanates (43) on oxidation of (42) with

" chromyl acetate or lead tetraacetate (eq. 15): According to

v

R\C " N Eg i pooac), . T\ Ces
(151 g7y 2 F A Ny=cio
i R{ - s 0r0,(0Ae), © Rlc\rq—c_f?
(v2) ~ (43) -
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~.-at about the same time by Blackstock' and Happer39?

thesg-authors,'the-semicarbazone (42) was oxidizpd to the

nitrene (UH) which then rearranged via-a five membered ring

{(45) to the isocyanate (43) (Scheme III)

Scheme .III‘

RN
- N-C-NH, —_— 1}5_‘_&}:\1-06}15 —_—
Bl CiH N |
675 !
(u2) (4y) .
+ + te e
R N=N<C_.H N=N-C H R N=N-C_H; -
N DS NS 5 NS
RY \y=c %" R] W=C=0 -R{C\N—c=o
(45) C (a3)

. <&
The oxidation of (42) with igdine was also reported

However

in this case, the products were reported o be the triazane

derivatives (ﬂﬁ) rather than the isocyanates (43). Reaction

| mechanisms were not suggested and the structures of (46) were

based on analysis

-

spectroscopic data.

infrared and nuclear magnetic resonance

L
‘\

-

The last researcher to examine 2~ phenyl semicarbazones

(42) was Schantluo. He used mercuric oxlde as the oxidizing
-agent and came to_the_conclusion
. - p-‘ [

, as had Schildknecht and

N

&



Hatzmannaﬂ'gthat the products'of.thé“oxidation orT(uz) were

the phenylazomethyl isocyanates (33) Schantl repeated the

" oxildations reported in references 38 and 39. Then, he-reacted

the product from the oxidation with mercuric oxide, lead tetra- '

¢

" acetate or chromyl acetate with aicohol and obtained the

A
Py

urethane (U473}, _He also foﬁhd that the product from lodline

‘oxidation of (ME), when reacted with alcohol gave (HT) and -

not urethane (48), which would have been expected had-the

triazane isocyanate (46) been the product of iodine oxidation39

-\ —~
P
’

> /B R.'\ | i S /R i3
N=C c-NH-E:-o'CH N=C .
. N=C=0 - LUTNCHL “\NH-C-0CH
: - | 675 | =R
(46) ‘ 7). (48) '

Furthermore, he found that oxidation of (h42) with both iodine
and bromine in the presence of sodium alkoxides led directly
to the urethane {47) rather than (HB) Thus it appears that
Blackstock and Happer39‘were in errer.

The oxidation of 4-arylsemicarbazones of ketones

5“(“9 R2 = aryl) was examined in considerable detail by earlier

r—

-workersul in this 1aboratory ' By reacting +(49) with lead

tetraacetate, they prepared a series of oxadiazolines (50)
(eqt~16). The structure (50) was assigned on the basis of

analytical data, molecular weights, spectra and chemical

behaviour. Analogy to products obtained from the earlier

e

g T
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oxidation of ketocax:'bohydrazonesu2 helped to‘establish (50)
as the correct structure.; Furthermore, an X-ray crystal
.structuteu3 fieml§ established the‘oxadiazoline ring system

~as well as the‘z—geometry at the exocyclic imino group.

[ '
R ' : '
C LTA
| . >p=N—NH-g;NHR2 ﬁ\‘b ’
£16] B Rl . “ C/ (50)
I
Ry

(49) R
‘R2 = atyl“

The earliest mention of oxidation of unsubstituted

ketosemicarbazones came in lQGluu. Reaction of aliphatic

ketosemicarbazones (30, R= R = alkyl) with peracetlc acid

resulted in cleavage to the hydrazodicarbonamide (51), nitrogen,

and the original carbonyl compound. Similar treatment of .

aromatic ketosemicarbazones (30, R=R, = ‘aryl) gave no products
// V
and only starting materials~Were recovered, Mechanisms were

snot advanced. = - Nl
A
} HEN-E—NHTNHfﬁ—NH2 .
5 -

Results similar to the'preceding were reported in
1969 by Bird and Diaperu5. They used ceric ammonium ‘nitrate

with (30) and 1solated the original carbonyl compounds
i - :
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A spec¢lfic mechenism for this conversion was not put forward;
_however, a similar conversion of oximes was explained in

mechanistic terms. This work was also mentioned in a review
on.oxidationiin:l9f3u6 : R )

47,48

The most recent reports of oxidation of keto=-

‘\Eemicarbazones were those of Lalezari and co—workers who

I

used selenium dioxide as the oxidizing agent The products

j in this case were the novel heterocyclic ring systems, 1ncor—

porating selenium, called;l,E,3—selenadiazoles_(52) (eq. 17).

_krv:.;" "1 ) . R N
Coe o Pk ﬁ Se0, \C/ \
. L1777 ﬁc =N-NH-C- NH2 > I N
s R -c} > HOAc | A /-
L / J‘ : Rl Se
| ' (52)

A~ﬁecﬁanism for this conversion was suggested By the authors,
aﬁd 1s as shown in Scheme IV for acetophenone semicarbazone.
In 1974, the selenium oxidation of semicarbazones was

: e

3 Y ,
jfemployed by Caplinug. ‘He syntheslzed & varilety of selenadia-
fzoles (52) 1in order to stﬁdy their'pJ;ton magnetic resonance .

3schtra. -

}
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o B
L o Scheme IV
/';) : o -
/C=NeNH—C_-NH2 3¥%¥3 > |9 | |
CH3 . H2C\H{)é""se\oﬁ
gt
/H
< Il |
+ r\ +
H-mse H,C S
o1 2" uo” e\OH
CGHS\C\ﬁN\‘(N}CO'NHz CGHS\C/N\\\N
~
—det ¢ > \\ /
H/c e A

e VL e b Tme et T

e
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'II .OXIDATION OF THIOSEMICARBAZONES

The oxidation of thiosemicarbazones, which are closeiy
related to semicarbazones has also been extenslively studied

since the turn of the century - As 1n the case of semicarba-

. zones, the aldehyde derivatives have recelved considerably .

more attention than the ketone analogues.

A) ALDEHYDE THIOSEMICARBAZONES

It appears that.the earliest work with aldehyde thio-
semicarbazones (53) was carried out in 1901 by Young and Eyreso.
They reported the oxida%iondof benzaldehyde thiosemicarbazone
(53 R = CGHS) with wary aqueous ferric chloride (eq. 18)
They expected the product to be the mercaptotriazole (54),
analogous to the hydroxytriazole (2) obtalned earlierl from
benzaldehyde semicarbazone (see page 1); insbead they found

1t to be'5_pheny1—2-amino-l,3,H—thiadiazole (55)u

- H)f\ PeCl. . /N"'_N
=N H,0/A )@;) - C\\\ «(’C ~SH.
2 H
(53) (5h)
g8y . . _ I
R = alkyl or aryl . . Ne——N
- ’ ’ : R-C Q%—NH '
i g 2
(55)

- 23 -
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The ap;;;:;b discrepancy observed was explained by
assuming that semicarbazones and thlosemicarbazones could

exist in two. stereoisomeric forms (56) and (57). Semicarba-

‘zones were thought to exlst primarlly in the form (56) ;eéding‘

* e

. to-hydroxytriazdles (2) on closure, Conversély, thiosemi-
carbazones were belleved to be primarily in the.form (57),

“with éubsequent closure givihg the thiadiazole_(SS).‘,Theré

bt

was never any evidence for such stereoisgmerism and this

explanatlon 1s no longer givén se;ious consideration._

N—N ' ‘ N——N

R-f¢ \C—O(S)H R?fy \ﬂ-NH
H  HN H %g) )
(56) ' s

i

. Young and Egrgso also oxidized 4-phenyl and U4-methyl-
thiosemicarbazones of benzaldehyde; (58) and (5?),_resbect1vely.

The products, (60) and (61), were analogous to those from the

unsubétituted thiosemicarbazones (eq. ig). 0
C H_ S ' N—N,
' 6-5>C-N NH-D-NHR fells S cu-? inur
. TamhAsLe - 65" \‘“S”’ f
\ , (58) and (60), R = CgH,
(59) and (61), R = CHg

.

. ) a. . h )
. The results of Young and Eyreso were disputed in 1926.
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§romm51 claimed that since the products of benzaldehyde thio-

'semicarbazone oxidatlion did Eot-rgact‘with'mustard 0il, they

were not the thiadlazoles (55) but rather the mércaptotria;g}es,

(54).

In 1928 two Indian workers reportedsz‘the oxidation
of aldehyde Mfarylthiosemicarbazones (62) and benzaldehyde
thiosemicarbszne with both ferric'chlofide and hydrogen
_peroxide.. These duthors wefe interested in produclng mercap-
totriazoles similar to (§u).. With ferriec chloride ﬁhdy
obtained only thiadiazoles similar to.(55). However, with

E hydrogen peroxide they claimed to have isolated a derivative

, - A ‘
of the mercaptotriazoles, namely a disulfide with the structure

(63). They also found that with excess hydrogen peroxide a-
sulfur free compound (6&5 could be.isolated. The compound
(64) was presumed to arise ffom further oxldation of (63) td
sulfur dioxide and (6l4). ‘Detailed information on the.

formation of (64) and (63) was not given.

Ne—N. N—N_ . N—N
) i - 7N 700N 7N
H.>c-N-NH-&-NHBl Rec{_ 0880 ~CR R-Ca
R, = aryl : ! ‘ - !
(62) (63) C ()

Another report on the oxidation of thiosemicarbazonﬁs
with hydrogen peroxide appeared in 1937. Kitamura53 added

-

hydrogen peroxide to an alkaline alooholic solutlion of alde~
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. >
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Y

hyde thieseﬁicarbazones and found that the correepondin%
semicarbazones precipitated out."A mechanism'fer this apparent
desulfurization was naot suggested. |

The work of De and Roy—Choudhury52 was fe—examined in
1951 by Hoggarth5 ’55 By oxidizing unsubstituted aldehyde
thiosemicarbazones, he prepared two novel compounds (65 Ry = H)
and (66).i The oxidant was hydrogen peroxide in cold acetic
acid. AThe'two_products (65) and (66)'ere derivatives of 2,3—
diazabutaji,é-diene. Products (66) were unstable and were |
isolated asbtheir.picrates. ﬁoggarth elaiﬁed-that the product
(64) described by De and Bey—Chouqhury52 was actually the pro-
duct (66). .Oxidatién of M-methylthiosemicarbazonee resulted.

only in the_;solation.ef product (65, Ry = CH.). Again,

3
mgchanisms were not formulated. |
| HIE"‘Rl . - -
- R-CH=N-N= —303H R—CH?N—N=CH—NH2

(65) - " (66)

56 reported the

In 1951, Bernstein and co-workers
oxldation of p-methoxy and p-aminobenzeldehyde thiosemicarb-
azones. Using the conditions of Young and Eyreso, they
isolated the corresponding 5—(p-methbxyphenyi)- and 5—(p-amino;
phenyl)-1,3, J-thiadiazoles. ~ These compounde were ﬁrepared in

[ ’

order to test .thelr antituberculosis activity

“The formation of triazole (69) from M-acetamidobenz-

&

e st et s o~ R 2 - et r—

AR



‘aldehyde thiosemicarbazone (67) was repoéted in‘l951 by -

P -

=

o , | ...1 . . _“. : o7

*

/-

Duschinsky‘and Gainerﬁy. These worgﬁrs did not oxidize the

thiosemicarbazone ‘directly with ferrlc chloride Instead
they used the S-benzyl derivative (68) as the substrate for’
oxidation (eq. 20). By blocking the sulfur -of the thlosemi-

‘carbazone (67), they achleved closure through nitrogen to the .

triazole (69). Mechanistie information was not included.

&
R R, - S-CH,C.H
J Noononu W SR N
H/,C-N-NH—(L,-NH2 . —> H/QfN_N" -*NH2
(67) (68)
- S
(R = AcO-NH-C H)) - _ FeCl, |
. : o . : .
Ne—-N - . o N—N
hydrol
7 N yarol. 7 N
R~ ~SH <E——————- R-C C»S-CH.C .
‘“sNaffC ! ~n—" 7 2%6Ms
, H ' : - H
(69)
The earlier work of Young and Eyre50 was confirmed by
Holmberg58 in 1955. . Using ferric chloride in alcohol with a

wide variety of aldehyde thiosemicarbazones, he demonstrated
that in all cases the products were the thiadiazoles (55)

Two methods for the preparation of 2-iminoaryl-1,3, i

thiadiazolines (70) were reported in 1955. Das and Rout”?

treated a variety of l-p-tolylthiosemicarbazones with . either '

Aiodine or alkaline potassium ferricyanide, causing them to

undergo oyclization to (70). This was 1n‘contrast to findings

.
> .
/o ' ~

+
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f earlier workers50 52 5“ 55 58 who. in similar oxidations'

reported thiadiazple products. The authors did not explain

“this discrepancy.

- L ‘ ‘ .
In- 1959 two Indlan workersT repeated the ‘oxlidation of

-

ﬁ-arylthiosemicarbazones with alkaline potassium ferricyanide

In addition to product (70) “they isolated a high-melting,

+

alkali-soluble substance. Further analysis indicated that

® . -
“  this J%} the 5- hydroxy 3 M-diaryl 1,2,4- triazole (71) The.

r ’ -‘ S ‘_N‘- -

~ e U
Hy0CgH,-N=C_ _O-R - R—C\\\Nale—OH
4 - . @ l
, (70) R=ary1 . . - R
g ' ‘ (71): R = aryl

LY ' ’

products (71) apparently resulted from desulfuri?
thiosemicarbazone by the alkaline ferricyanide and subsequen
.oxidation of,the semicarbazone to the hydroxytriazole (71).
These findinés uere confirmed when Y-arylsemicarbazones,
oxidized with ferricyanide, also yielded (Tl) (see page 3).
Mechanisms for the preceding conversions were not given _
The preparation of 5- (N-pyridyl) 2-amino-1,3,4-thia- \\3

diazole (75) was reported in 1958 by Hemmerich and co—workerssoﬂ

'ﬁwstmwu""__Rathermthansdirec;ly_oxidizingwpyridine:ﬂ:aldehydelnhiqsemi:_; ) _
carbazone, these workers chose ‘instead to oxidize the diacetyl _
derivative‘(73)cformed by the action of acetic anhydride on

(72). By oxidizing (73) with peracetic acid, they isoclated
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(7Hi/fffgp/wéﬁ/gge;/;;;r;l;zed to-tﬁ5) (eq. 21). )
. . ﬁ _ Ac20 ~ , _i‘g“CH3 .
R-CH=N~NH- —NHg - > R-CH=N-N= -Ng-C-CH3
(72) i ‘ o (13D
| T L | ' I
[21] | L CH3COH
—N - - N—N
C/N hydroly;@fﬁ Vs *% .
< _ NP
c NH2 < R _c\s/c NH gl‘C—H3
(75) o I |

RO

The oxidation of_pyridine-h-aldehyde.thiosemicarbazone
R} 61

(72) was re-examined. in 1961 by sadler®t. This author claimed,

. ‘ N, : : )
‘however, that (72) could be converted to the thiadiazole (75)

by direct oxidation with ferrlc chloride. The compodnd (7%)

was prepared for the purpose of testing its antivaccinal

| activity in biological'systems.

Jones and co—wquer562 again investigated the oxidation

of (72) 1nl1965. They disputed the report of SadlerSl, that

oxldation of_(72) with ferric chloride led to Q?S),“and elained

instead to have obtained only the hydrochioride of (72) from

/

““the oxiaafi6hf“ﬁTHé§”aIa*pr6rt however, that by treating =

quinoline-4-aldehyde thiosemicarbazone with ferric thoride
they obtalned the thiadiazole derivative
Werber and co-workers, in a series of peper363"65 -

a

AT
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. o - [ I
‘between 1959 and 1963,-reported~the fepric‘chloride'oxidation
Qf thiOSEmicarbazones of glyoxylic acid and some of 1lts esters
(76). Ih the f%ﬁst paper63,_ﬁhey reported the oxidation of . -

T T o L
both the thiosemlcarbazones and the acetylated derivatives

~

(77) to thé thiadigzoles (78);(eq.~22)._

I ﬁ d/N"" '
RO—@TCH=N~NH—E-NH2' ___Ji,__;> RO- <§C-NH

(76) .
' (78)
. AcéO | SR T -
L22] _ ﬂ e o hydrolysls
S-C-CH ' 1
ol 3 0 BTN
RO—@—CH=N—N=C _ , RO-C~ ~NH- —CH
- N\-G-CH, | s
an Fo T . /

<t . -+

(R = H, CH,CH,, CH;CH,CH,CH,)

In the two subsequent papers6u’65, Werber and co-
workers extended their oxidation to 1nc1ude h-methyl and 4—_ )
phenylthliosemicarbazones of butyl glyoxylate as well as the
unsubstituted, h—mgthyl and H~pheny1thiosemicarbazones of

glyoxylic acid. 1In all cases the prodﬁéfs were the corres-

'pondinggthiadiazoles

_The . photooxidation of thiosemicarbazones was reported

in 1950 by Sharp9 However, 1nformation concerning the products

of the oxidations was not given.

In a series of peports Between 1962 and 1964, Sriniv-

asan and co-worker566 -69 reported the oxidation of arylalde-'

Thaza: =
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hyde-q-arjlthiosemiéarbazonesa(795 (eq.‘23). With ferfiq
chloridess’GT they isolated the 2-arylamino¥5—sryl?l 3 b
'thiadiazoles (80), and with alkaline potassium ferricyanide
they obtained66 68 the 2—arylimino—5-aryliau—1,3,M—th1adiaz_
olines (81) as wéll aS'trace'amounts sf the 3,4-diaryl-5- -
hydroxy-1,2,4- triazoles (82) (compare reference 7). All the
'products were well characterized66 ana tested for their "in
vitro® 1nhibitory effsst on the_growth of Mycsbacseridm o

tuberculosis.

. , A\
_“‘~s¢”c NHR
(80)
R—CH=N-NH-E—NHR1
R=R, = various -
aryl N——NH ' Ne——N_ .
groups | R—dff\ P +"R_c4£\I ‘QELOH
< Sf” a0y \\‘N”’ |
| - : H
(81) (82)

69

_ " When these workers used Bromine in chlordform as
the oxidizing agent, they found that (79, R = R'C¢H,, R, =

RiCGHH) were converted to l—arylidene—2&(2'—benzothiazolyl)-_
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hydngzonés (83). "Further bxidapidn of the -hydrazone (83) to

the benzthiazoles (84) was achieved with’ ethanolic’ ferric

chloride. However, an attempt to. oxidize (79, R = R‘CGHH’

. Ry = RiC, QQ directly to (84) using a stronger oxidant, namely
‘bromine 1n pyrildine, failed and the products werg the-thia—
diazoles similar to_(80). .. o | ¥

,C=NH-N=CH R
o . Néﬁ ‘ \ . |

(83)

'IB 1966 and 1969 Srinivasan.and co—wobkers?o’Tl

3

. : . & . ‘
reported the oxidation of arylaldehyde L-benzylthiosemicarb- St
azones (85) with byomihe (eq. 24). Théy'found.tﬁét the pro-

ducts obtained depqusé on the solvent used for the oxidation.

. N—N ,
| . o 'R-C// = \\C—SH' : ’
u-’m' , . ’ . \g/ '
. : | CH,CH, o
' (86) .
: . Br2 . .
R-CH=N-NH-C-NH-CH,C cH —_— +
- . . Solvent
.. (85) . ,__.‘ i //N——-N\\_g —_— S

\S/C -NH- CH2 5 5

B N S @n

1

I
e

.
,.
.u-;ﬂ_".dr_a..-c-\--‘—-—n-_-..-;. L R R

sl e waemae

s S



33

By using chloroform as solvent they isolated 50—80%.6f,the

Y

3—mercapto—H—benzyl—S-afyl—l;2,Hetriazoles (86) and 10-30%

. of the 2-benzylamino-5-aryl-Y,3,4-thiadlazoles (87). Carbon

éetréchloride gave 55—80% Qf (87) and 1—30% Sf (86), while

_oxidaﬁ;on in acetic acid led to 60-90% of (86) aﬁd_no-(87);

When N-bromosuccinimide in carbon tetrachloride was used as.

-the oxidizing agent, the thiadlazoles (87) were the sole

_ products. These results are in contrast to earlier ones

\ .
(88, R1=R2=B3 = H), 2-methylthiosemicarbazone (88, R, = CH

(see reference 69 and page‘3li'§here oxidation of 4-arylthio-
semicarbazones {79); ﬁnlike (85), gave the hydrazénes (§3)
and not triazoles or thiadlazoles. ‘

Ioffe and Tomdhin72, in 1969, published the ferric
chlof¢de oxidatiqp‘of 9-acridinealdehyde thibsemicarbaqodé

1
R2=R3 H) and“4,4—dimethylthio;emicarbazpng 88, R, = H,

3’

32#33 = CH3). Iﬁ each caSe:the product‘was the 5-(9-acridine)-

_1,3,H4thiad1aéoie derivative (eq. 25). These thiadiazoles

/Mere_prepared in order to study their electronic absorptioh

- 3
| .
I
R, Ne—nN~" 1
i 2. Feciy 7N S
- =N=N-~C-~ . g - : - -
; R-CH=N--C-N__ _ ..’,"RC\S/CN\R.‘Q
[251 . Ry 3 3
| (88) )
R -=|

o

- Lt

e dmgarn b:’f.i‘:if"“" iy
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epeotre.- It was found‘that-cyolization of (88) to the thia~
diazoles led to a bathochromic'ehift of the spectrum, due
presumably to lengthening of the chain of conjugation 7

The most recently published oxidation of aldehyde
thioeemicaranOnes appears to be that:of Tsurkan and Tsurkan?3.
By -using ethanollc ferric chloride on the thiosemicafbazonesj
fhese‘workers synthesiied a va:iety of Sésubeziputed-é—amino—

1,3,4-thiadlazoles (55, R = CgH CH*CH, 3,Q;(CH30)2C6H 4-BrCH,,

. 3’
u-CH3OCGHH’ CGHS"2“02N06HH’ H_QQNCGHM)‘ These compounds were
used for detalled interpretations of infrared and ultraviolet

spectra.

' B) KETONE THIOSEMICARBAZONES o ™\

The first oxidation of ketone thiosemicarbazones (89)

appears’to be that of De and Roy-Choudhury®’ in 1928. They

‘oxidized acetone -thiosemlicarbazone (89, R=R' = CH3, R1=R2=R3 = H),
u;phenylﬁhiosemioarbazone (89, R=R' = CH3, Ry=R, = H, R3 = CSHS)’
and Y-p-tolylthiosemicarbazone (89, R=R' = CH3; R,=R, = H,

B

R3 = HBCCGH ) with alcoholic hydrogen peroxide%f'The reported -
products were (90) from the unsubstituted thiosemicarbazone

and (91) from the J-substituted analogues. The products (90)

- (89)

.._R=R'=R1=R2=R3 = alkyl or aryl

-
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‘and (91) _reAthouéhﬁ to arise.from tﬁé_molécules of thio-
semicarb Z similér to the proposed formation of thiadiaéole
R . R.
‘ HBC\C-N NH N N=\N-_N\‘/C=I\¥ N= /CH
RN W T,
) (91)
R c6H5; p-H,CCcH),

74

‘*  derivatives from substituted'arylthioureas. The mechanlsm

indic'ate_d for formation of (90) and (91) is showh in Scheme V.

4

0
Scheme V
e NH HN -
3N AN
: C=N-NH-C_  + /c ~NH- N~Q\C
ol SH - Hy e
. 37 . ‘

Hy0,

H ' CH
3N 3
/} C\C=N—NH—C//N %C NH-N= C/
H

N /5

\\\\hgff///f - .-‘. | (9d)_
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In 1968, Blackstock and Happer39 publishéd a report

e

on the oxidation of acetone 2—pﬁeny1thiosemicarbazone (89,

=R' = = = . i
‘R=R CH3, Rl 6 5, R2 R3 H). These workers used iodine

as the oxidizing agent and obtained the isothiocyanate (92) .

'as the product. The thiosemicarbazone was assumed to rearrange

: via a Hofmann rearrangement to (92). . They claimed this to be

the first known case of a Hofmann rearrangement i$ thioamide
systems. A similar rearrangement was claimed for acetong 2.0

phenylsemicarbazonés (see page 18).

H | .
3>c=N-1~IJ-N=c=s ' ‘
H, a -

65
(929

-

. The oxidative cyclizétion of U-methyl and Y-arylketo-

75

thlosemicarbazones was‘(sgérted by Landgquilst in 1970. He

found that these h-substituted thiosemicarbazoneS'underwent

oxidative cyclization on chromatographic alumina to gilve the_“\

i\ ~l 2,4-triazoline~ 5 thiones (93). On oxidat%gn with man-

ganese dioxide, he isolated the Srimino-AB-l,B,N—thiadiézof

{

;

lines (94). The oxidations appeared to be strongly influenced

by steric factors. Steric hindrance retarded or preventgd

cyclization to the triazolinethiones (93) but appeared to have

no effect on cyclization to thladlazolines (94). The steric

hindrance arose from substltuents on the l-aryl molety.
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-

"With mercuric acétate, the products:(93) could be converted

to the triazolinones (95), which were sometimes formed as

well during the cyqlization'reaction'qn the alumina. The
formation of (93) .v}:\as explained in terms of the initial form-
’ation of triazolidinethiones (96) from addition of the term-
inal ﬁitrogen to the dduble‘bond in:the thiosemicarbézone.

Thig protess was facilitated by the solid alumina Which'held
the thiosemicarbazone in a sultable configuration for-closure.
Then oxidation byldissolved oxygen was thought to lgad te (93).
The mechanism of cycliéatibn over manganese dioxidé was not

indicated.

2
o S . R
| . N
N/H\N/R . §
N/ N s ]
N—C—R, \Y
| - N-—C==R,
Ry rl{
1
" {93)
(9h)
i !
: }{\/ \/N/R | HN\/ ~
N———(IJ—R2 HN—-(|J—R2
Ry Ry
© (95) g - 36)

Landqulst also reported76 the oxidation of phenoxy-’
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ecetone:H—phenylthiosemicerbazone (97) on alumina and. with
manganese dioxide Along with the expected products (page 37),
he also 1solated an. isomer of (93, R = CGHS’ CH;, Ry =

3
6H500H ). This product was found to be the 3-mercepto-5—'
methyl-1- phenoxymethyl M-phenyl 1,2,4- triazolinium hydroxide
inner salt (98).. The product (98) was thought to arise from
a rearrangehent of the intermediate triazolidinethione (96)

(see page 37) through a 1,2 shift to an electron~deficient

centre (ie. the ﬁitrogen) formed during the oxidation

CGHSOCHE S -

o /\:=N-NH-3-NH-06H5' _ : i CoH
CH; T Ty
: 3
- . o7) \v+s/ |
- 97 _ ' N=—-=C
_ ~ ~~
. 06H500H2 . CH3
p (987Y
- 5 . -
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III OXIDATION OF CARBOHYDRAZONES AND HYDRAZONES
, - ™
Carbohydrazones (99) and hydrazones (100) are deriv-

atives simitar to semicarbazories. Their oxidation has been -

- studied in great detall, particularly that of hydrazones.

R . R ' -

R 0
=N-NH—H-NH-N=C C=N-NH-R
~ - 3
RJ ‘ | R, R;
" (99) (100).

T

!

- When carbohydrazones (99) were'oxidizedu2’77,

generally gave‘}roducts of the type_(ldl), 2-alkylidene-
hydrazono-A3—l,3,q-oxadiazolines. on heating, (101) were.
converted to the cyclic azometﬁine imines (102) in a new

4

synthetic procedure78 (eq. 26).

H

R
N=C” R
"R R-—-éf—-c==o
L N 5N u 1!: rlq
[26] \}\I . 7Rl__‘c¢' + -
— R, |
i Ry
y .
(101) ~ (102). .

- 39 -
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A wide varlety of hydrazones (100) have been oxlidized,

resulting in a vast . number of products. Some examples are:

-

“Yhe oxidation of phenylhydrazones of levulinanilide, levulinic

-acid and_verious other acids to substituted lactones wilth lead

79 T

'tetra§€etate s the oxidation of benzophenone carbethoxyhydra~

zones with lead tetraaacetate to give acetoxydiphenylmethylazoﬁ

carboxylate and agetyldiphenylmethyl ethyl carbonate80 the -

oxldatlon of ketohydrazones to azoacetate537.

[

'A more exhaustive review of hydrazone and carbohydra-
zone oxidation is not necessary here since several reviews of
the subject already exist. The reader is referred in partic—

nlar to three of these81 82 83



IV 43-1,3;4-OXADIAZOLINES

The A3-1,3,l-oxadiazoline ring system (103) has been
known for approximately sixty years. ' In addition to (103),
several lsomers are knowh_as well. Some of these are: the

82-1,2,4- (104),49he 4%-1,3,4- (105), the 43-1,2,4- (106),

the Au—1,2,ﬁ—*(107), and the Au-1,2,3—oxadiazolines'(108).

AN LA R A

N7 N0 RN O - r—N7 Do

\}\I——C/—-R ~ \c-'——N/ - \N—C/

R |
v .

(103) A (104) (105)

Re_ R - R

N/C\o BN /é\
N“ o R~ 0

- \!

R R T SNe R/N TNg

(106) R-. (108)

(107)

Thése isomers have been well catalogued in the literature ané
will not bé mentioned any further.

| It appears that thefearliest repqrted'A3-1,3,N—oxa-
diazoline system was that of Stolié.and LauxBu in.l9li. They

- 41 -
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furoﬁiazole;
1 N=—N 1 : _ -
L /4 AN | " Hg '
.(CsHS)EC—Q\\§O’/,C—F(CSH5)2 = ‘_:>
, , 66
. - (109) .
L2731
6 5 ‘/N;::N J € cH 5
\c= =C
CeH O/C NCgH
. 5

(110)

The oxadiezoline syetem.was next repor#ed in 1951 hy
Staudingep;and Reber85, who postulated it as.a reacfioh |
intermediate. " On peecting diphenylketene (111) with several
diazomethane derivatives (112),uthey isolated the epoxldes |
(llq) as the major products (eq 28). They indicated that
(11“) might arise from the intermediate A3 1,3, M-oxadiazoline-

=

(113), as shown in eq. 28. In the case where R 6 5

R2 = p- CH3OCGHH’ they isolated a yellow solid which they

believed to be (113, R = C6H5 R, = p—CH3

~ In two earlier report586 87,'Staudinger and co-workers

OCSHM)

had reported that reaction of (111) with (112) gave a compound

with structure (115). They later showed this to be in error85
3




. N==N. R.
S\C—d/ N/ L
(113)
[28]
e | Cells .
= ) : ‘

R, = CO,CH,CH3, CgHc, H, gﬁﬂsco, CHJOCH, .

Schénb -kat88 suggested in 1938, that 2,2,

'S;S—tetraphenyi—a y3,4-o0xadlazoline (116) was the p;bduct
of the oxidation of benZOphenone oxime with potassium ferri-
c&anide Auwers, -who had carried out the original oxidation

89,90

of benzophenone oxime disputedg% their findings and

claimed that the.productlwas the diphenylketazinoxide (117).

C,H. N H N=—N H C H tb H
6 f:ﬁ/ \h<;6 \6/ \d:CG 6 5\c—£ N—dics 5
e N — i M
¢6H5 @ 6H5 C6H O C6H5 g 6H5
Coais) (216) (117)

1

Futhermore, Auwers oxidized9 p methyl, o—methyl and g&chloro—
abenzophenone oximes, as well as acetophenone oxime t—butyl

phenyl ketoxime and dibenzyl ketoxime. In'all cases he claimed



formation of the ketazinoxide ‘
© Auwers' claim was . supported in 1933 and 1942 by Dyer
and co- worker593 9“.‘ These workers oxidized-benzophenone
oxlime with potassium ferricyanidel iocdine’ and silver oxide.
, In each case they claimed (117) as the product
Sch8nberg and Barakat88 also indicated that the thermal
decompooition of what they believed to be{(116) led to benzo-
phenone and diphenyldiazomethane. Tue diphenyldiézomethane
was reported to deoompoge further to bonzophenone azine and
nitrogen. |
' In 1939, Schinberg and Barakat95 led the oxida-
tion of di—p-tolyl ketoxime and p,p'-dimethoxybenzophenone
oxime with potassium ferricyanide. In both cases,_phe product
was claimed fo be the'2,2,5,5-tetraaryl-A3—1;B)U-oxadiazoliﬂelmi_
They also reported th?t treatment of this oxadidzoliné withﬁ.
"hydrogen sulfide in boiiing. ethanol led to the tet‘raa'rylethyl—
ene sulfides (119) via thd intermediate thiadiazoline (118)
(eq. 29).

R N'"“N R R N—N R

Hgs-_-_; \/ \/ ~ \ /
H’g“‘~0f"g\ EtOH ’p“‘~5f””\ﬁ /’R/Q\S/S\R

L2291
o (1185 -. (119)

The next méhﬁion in the literature of A3—1,3,H-oxadia?-‘

[ A

(‘_/
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olines appeared in'1952 qrfh(and co-worker396 fested what

<>

they believed to be (116) and similar systems for their activ-

JE R e i

_1ty against Mycobacterium tuberculosis.

' The photolysis. of oxadiazolines (110) and (113 Rl R2 =
CSHS) was studied by Kirmse’! in 1960. ‘Be found ‘that, while

.'(110) aas stab;elto ultraviolef iightg-(ll3, R1=R2 = CGHS)ri b
was hot. In hydroxyl free solvents such as benzene, (113,

| Rl=R2 = 6H ) decomposed to diphenyldiazomethane and diphenyl—

ketene. However, in hydroxylic solvents such as acids: or : /

alcohols,‘addition products were obtained (eq. 30). Meohanisms

were not given.

BN} T i Lt

£30]

Preparation of a fluoro- substi;uted oxadiazoline was
'accomplished by Russian worker59 in 1964, :By-reacting the
ketone (120) with the diazo compound {(121), thgy obtained tha
.‘oxadiazolino (122) (eq. 31). On tharmolysis, compound (122)

gave. the epoxide (123). Reactlon of (122) with benzylamine .
. 1 .

-
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resulted in difluoronitromethane, F-benzylirifluoroacetamide

and ethyl d%azoacetate (eq 31)

NCF | ' " O_NCF. NN R

O, NCF
¢ =0 + N=N CHCO SEt ____532 - Z‘E i .
e cFg” TS0~ TTo.Et .
(120) (121) (122)
£313 T . CgHgCH,NH A
‘02NCF2H +. CF3CfNHCH2CSH5. QENCF2 H
Id r. -'*‘.-- — . .
. -+ SRR -
" 4 N=N=CHCO,Et | | O Ny Y0,E
. o - (123)
_ " An oxadiazoline (125) was postﬁldtedjin 1966 as an
ihtermediate in the-oxidation of benzophqnone‘p~nitrobenzoyl-

hydrazone (l2b) with lead tetraacetate _ Gladstone and Normang9
explalned the formation of the epoxide (126) in this oxidation
as shown 1in Scheme_VI.‘ ‘ ~ '
_&&7In a sefies of papers published between 1966 and 1968,
Hoffman and Luthard# discussed the synthesis of oxadiazolines

from benzoylhydrazonesloo’102, mechanisms of formation101’102,

103 on oxidizing the benzylhydrazones

and subsequent reactions
(127) with lead tetraacetate, they obtained the oxadlazolines
~(129) (eq. 32). The reaction, was carried out at *70 C to%-40°C,
”at which temperatures an.interm diate azoacetéte (128).was

observed. On Warming to -20°C, they observed the formation .



’N T , | | Scheme VI
L ‘ o | OAc
- ! /Pb(OAc)2
C.H 0 . C.H. ,N—N
° S\C N-NH—-C H, NO S ¢ 5’Tﬁk’ﬁ' C-C .H,NO
c H%/ 64772 7 06H5/ k:O/ 674N Yo
(124) ]
C H N=N
650/ AN '
; H’,c\\\ggﬁ,c CﬁHuNO
65 T -
. ' OCAc
N CHyNO,
a
“of (129) (eq. 32).
SL\ . a - TN Rl\‘/N=N—ﬁ—CBH5
/C=N“NH"C-C6H5 . - /C\ 0]
RQ - -70°C R2 OAc
~ TOAc
: (127) ' - (128)
= [321- | | ~20°C
f?f =_cgg: CeHs s , )
}‘" ’ o - \CHQ 5 H
By = Cgllgs Cgllss 1\73/N N\/ 6
h . "R/ \O/ \OAc

(129)
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The mechanism of formation of (129) was examined in

detail by Hoﬂfman and Luthardt From the several possibilities

available.(Scheme;VII) -they chose path C as the most likely

mechenism

It was found that oxadiazol}nes (129) were thermally

<E§§ able and decomposed hp the epoxyacetates (131) which, on

heatink,” gave the a-acetoxy ketones .(132) (eq."33). The

decompos tion of (129) to (131) "was exglained by postulating

a carbonyl: ylide Intermediate (130), <§§%med by loss of nitro-

© gen from (129), ‘which subsequently closed to give (131). The

existence of_( 0) was confirmed by trappfﬂg experiments with

norbornene and dim thylaeetylenedicarboxylate (eq. 33).

R C.H. - R C.H
1./ \/ 65 -50° 6
s, C —_—— <
raéf’ 0~ oac . ST ” \0/
: (129)
S ”
CH.0_CC==CCO_ CH.-
372 2773 H
/6"
[33] 3% - ° ) Soac
'Ri\c (131)
R “s\0>~"\ \L
2 ‘ 170°C
- R,
-\i:“
'Rz/ OAc
. 'Rl\ A6lls (132)
) 2/ O/\OAc
- \

L o = E ISR S PP
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" The oxadiazoline (129) : was hydrogenated, resulting in

the original hydnazone (eq 34). ‘Treatment of‘(129) with

o | '}
sodium ethoxide led to the ester (133) (eq. 34)-. :
H _H ,
Ry
/ fls H, \\/’6 5
)c\ /\:\ — J\c/ > (127
0 QAc 2 OAg/ '+ HOAc
. (129) '
NaToEt
£34] <R, N-—-N H . R C.H ,
l\Cé Q/\/Cs ‘ l\c\:O/C/GS . |
R, ~o-7" EE _ R N N + CH,COEt
- H.C-C-OEt ‘ _
3 c) v
0. EtOH
R H
1.7
~, . .
R Norer U6 (133)
2 S

The photolysis of (129) was also studied. It appears

that the mechanisms of the photolytic reactions were dependent

Qn the nature of R and R, (Scheme VIII). When R, = CH., R. =

1- 3° 2
6H5’ the photolysis products were nitrogen, the epéxide (131)

and the o~ acetoxy ketone’ (132) (Path C, Scheme VIII) When

R1R2 = (CH2)5 » the products were cyclohexene, nitrogen and

‘a mixture of acetlic and benzoic anhydride (Path A _or B Scheme

VIII). Path A in Scheme VIII had precedence -in the literature

(see page U5 and reference 97)
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In 1967, Rajagopalan and Advanilou'reported the 1,3

cycloaddition reactions of the carbonyl-ylides resulting rrom '

L\_‘__/the mild thermolysis of the oxadiazolines (129). Using N—

phenylmaleimide and dimethylacetylenedicarboxylate as traps, .

they succeeded in {solating adducts similar to those reported

by Hoffman and Luthardt (see page 48 and reference 103).

With N—phenylmaléimide the product was not the expected adduct

(134) but rather (135), resulting from (134) by loss of acetlc

acid (eq. 35). Also in the case of dimethylacetylenedigarbox-

ylate,

they obtained the hydroxy derivative (137) and not the

expected product (l36)-(eq.-35).

£35]

Ry Ry o Ry Ry
\C/ C/- \Cf-. /C'%
o ~‘?H’ Sy n -:ngf—ﬁ;> 0 ) Ny
= ~Cgtg é
\/Q\/CH\C/d TN /
acd” Cgh, X0 . o
65
S (134) | (135)
(x) |
Rl\ﬁ/N==:N\~/p6H5 (X) = N—phenylmaleimide
Ry -~O,,fQ\OAC (Y) = CH,0,CCECCO,CHy
(129) | - .
(Y)
HyCO, q\ S0,CHy H co2q\ S0,CHy
R,, C C\/CGH hydrolysj\ Hl v _C\C/ 6H
R/\o/ \OAc - /C\o/ “OH

- {136) T (137)
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Interest in the .2,2- diphenyl -5- diphenylmethylene A3

l 3,4 oxadiazoline (113, R R = CGH ) (see page 43) of

Staudingeras and Kir'r.nseg7 was revived 1n 1968 by Michejda 05
97

"This'worker reviewed the work of Kirmse and suggested a *

mechanistic scheme to account for thé obsérved results .of the

photolysis of (113, R =R, = CSHS) (Scheme IX). To explain

1
the production of ketene and diazoalkane, he claimed the-

. (\ -
existence of an intermediate a-lactam (138). By photolysis,
-1n the presence of hydroxylic compounds or dimethylamine, he

[ T

stated that he had trapped the a-lactam as'it'decémgpsed

. r’/gZ;;me Ix ._ o

c - N==N
RN N8t

C=C
06H§’ ™~ ”’C\C6H

(Scheme IX).

0 C
S\QCg NH-N=C
csﬁ” ‘t H,

3CH,» CHy,
4€O0 06gsco)

H,

CH

Michejda aiso described the acid cétalyzéd hydrolysis
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ofi(;l3, R%=R2 = CGHS) (eq. 36), as well as 1ts. thermal
. i} A
) - +
. C H’f | \‘*o”' \t o E CeRTT N "’Q\C H
6" 6" - s s 65
£367 - ?
CH ' H C.Ho . OH C H
675 @, SFells 6%5 +. Asls
- =N= -z
”Rb NH Q\ <0 C danons q\ |
CcHe OH el | 06H5 | gl

o

decomposition in the presence of dimethyl fumarate or maleate

to cyclopropanes (139) (eq. 37).
t

. CcH 5 S 6H A C6H5\ . 5 i
"C\ \C\ y /C=N=N + /C=C=O
CgH o~ 06H5 - - CgH,
| 3o cc__cco CH3
£37] N : (cis or trans)
| c H - C.H N=—N ’ )
6 -N 65 / \
2
CH- CO,CH {— Do _c-Ca,CH
c H/C\ 3 ey 5/\?}{ o-CQ,CH,
g _ CO..CH
O2CH3 | . | 2%

(139)

" In 1966 and 1968 previous workersuz’77 in this labor-

atory reported the formation of A3-153,U—oxad1azolines (101)
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from the oxidztion of ketocarbohydrazones (99) (see page 39)

.They also reportedul the synthesis_of S,S-diaryl—E—phenyl-

1m1no-A3—1,3,hfoxadiaquines (50) by oxldation of U4-arylsemi-
gafbaz&nes 649) wiéh lead-tétraagetate (see page 19).- West~
and Warkehtinlo6 published "a report on the thermoiyéis of (50)
in 1969. They claimed that (50) decompased by 2 duality of

pathways (eq 38)

f‘.'\.
C.H '
77675 NS
ﬁ | + CgHg-NEC
[38]1 N7 \/o :
| -—f——R gHg-N=C=0 -
R
(50) - .
107

In. 1970, Warkentln and co-workers" reported the

hydrolysis of 5,5- dimethyl 2—methylimino A3-l 3,4- oxadiazoline.
(lNO) obtained by oxidation of acetone 4-methylsemicarbazone. .
In acid media (140) gave the 5;5-dimethyl-A3-1,3,4-oxadiazolin-
2-one (141) (eq. 39). The 5-ethyl-5-methyl- compound was also

prepared 1in a similar fashion. In 1972, the same workers

’/E,fCH3 |
1 @ | .
At -
~ H,0 NN
- £39] Q& j) (140) e 3 > ﬁ& ;) (141) |
N—C—CHj ~ N—C—CHg, o
H o CH

;
H
i
{
{
!
[

Y S S,
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published a paper108 describing the thermolysis of (1“1)
Depending on the solvent used, decomposition of (141) pro-

o
ceeded predominantly via one of two pathways (eq, 40)

. % (CH3).2C=0' + N2 + CO.

A : . .
' : \ ) _ + - ‘
(b)) (C?H3)2C=N=N + CO

5

onpolar solvents N N
polar solvents (CH3)EC N-N C(CH3)2 + N

jollin

The oxadiazolines discussed in this chapter appear

then to the only cases of syntheses and reactions of 63—

1,3,U{oxadlazolines known prior ta the work described in this
thesls. |
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haVe been well documented in the literature

with «,a'~dicarbonyl gzo compounds (142). The

¥ «-CARBONYL AZO COMPOUNDS

The chemistry and spectral propertles of azo compounds
109, 110, 111

\
'However, the chemistry of a—carbonyl azo compounds does not

i ' [}

appear to have received as much attention The only extensive'

report én a-carbonyl azo compounds seems to be a review, Dub-

‘1ished in 1966 by Fahr and Lidﬁllz, concerned almost entirely

. e
uthors cover

. in detall the eynthesis, structure, spectrosgopic behaviour

and reacﬁﬁons_of most of the known types of.a,u'—dicarbonyl

azo compounds.

T PO
Rb_neN-BR | R—N=N—H-R'

° (142) - | ' : (143)

f

‘R&R' = alkyl, aryl or'alkoxy.

This discussign will be limited to a very brief

desoription of the thermal decomposition and nucleophilic

addition reactions of (142) with a more thorough investi-

gatiop of the same reactions of a-carbonyl azo compounds (143).
There 1s a considerable difference in the chemistries
of (142) and (1U3) It is well known that compounds (142)

- 57T -~
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e v
are_more fcactivé'towards-nucleophilés.than are compouods
(143), and in,some caseo“are'also iess thcrmailj stable._7
However, certain compounds (143) are quite reactive and very
_thermally unstable. - | ‘

Some compounds_(lHE),.such as diesters of azo dicarb-
oxylic acids (1&2 R = alkoxy), have high thermal stabilitles.
Decomposition occurs only above 100° C and then, with explo—
sive force However, dlacylazo compounds (1&2 R = alkyl)

2 and their eyclilc analogues (I42, RR = -(CHz)n—) are much more
unstable and can react in one of two ways.  Elther theQ'oecomp—
ose at 0°C or lower to glve niltrogen and carbonyl compoands;
or they undergo polymerization on loss of‘nitrogen."'Diaroyl—
azo compounds (142, R = aryl)ldecompose,oh heotihg~to nitrogen
and aro&l radicals, which g& on to gilve subsequent'products.

. Npcleophilic attackﬁon (142) seems to occur almost

.exglusively at nitrogen. 'The only port¥ed cases of nucleo-

philic attack at carbonyl'involve pfimary-amines as fhe

nuoleophilesllg. In these cases the products were the_azodi-

‘ - 4 ‘ : : )
\‘/////carbonamides (142, R = RlNH) from the azo carbonyls (142; R= OR).

Secondary amines were reported1111

to attack at nitro-
gen to give the trilazanes (145), presumably via the befaine
(144) (eq. H41). ‘Aromatic omines such as aniline, o-toluidine
‘and putoluidine bchéve 1ike secondary aliphatic amines and

113 However, other aromatic amines

yield triazanes with (142)
such as a- and- B naphthylamine yield ring substitution prod-

ucts113 (eq. 42). Both of the preceding reactions occur
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simultaneously with 2;5~dimethy1aniline113;: Aromatic compoundg'

PR

Rl\,N » ROOC\N_N - #1\;' /pOOR
RS ~ . AN - R"l-N‘N-COOR
| 2 COOR 2H .
. ' I T - o X D
| (A‘ ‘ o (aswy B
C41] . ' - -
| © R,=K, = alkyl or aryl R SR
: _N=N_
Ry, “NH-COOR
(145)

such as toluene also attack (142) to give hydrazipeGicarboxylic
“ 115 e |
acld derivatives (146) (eq. b2).

| GOOR
» ‘ . h N-NH-COOR ,
ROOC._ , .
. N=N_ , o
. COOR_ @@ -
. . - / N ’
. NH, o _
L NH,
- , . CH
[42] CHy D) : 3
2 ‘ | |
‘ N=N_- 7 _ ;
. . “COCR N
y L | “COOR
. ROOC-NH

Tertiary amines also add to the nitrogen of (142).
Treatment of (142) with N,N-dimethylaniline leadsjggrthe

hydrazinedicarboxylic acid derivatives'(lﬂ8) possibiy via
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ylide rearrangement of the intermediate (1&7)113 %}4 (eq. 'ﬂ3).

r

The rate of reaction increases with the basicitytqf the amlne.

-

L]
bt

\ o CH.  ROOC : - eny COOR
Co L TCHB _ COCR : [ N COOR
L | - o 3
' CH -~ - CH, COOR
3 FOOR g 3
Cgl's \CH2 N ™~ _ “65” 1~ \NHvCOOR
NH-COOR 2 _
(148) T (247)

1

Vinyl ethers‘react wlth esters of- azodicarboxylic acids

116

‘to give the hydrazine derivatives (149) Sodium salts of

acetoacetic estér, cyanoacetlc ester and acetylacetone; when

117"

‘treated with (142) yield substituted hydrazines For -

examplé, dlethyl azo iecarboxylate and sodium acetoacetate gave
(150). Grignard reagengs react with (142) to form substiltuted

hydrazides (151) via a 1,4-addition 18,

o

) CH,

' o) 0
COOR " i il
6 5 Q\CH N\N H3C ~C=- CH CO2Et | R-C—E-NH—C—R
t
H-COOR EtO, C/N\NH—CO Et |
(149) ‘ (150) ' . (151)
’ - 1‘, -
R ,
y2 -Compounds (142), such as azodicarboxylic ester, azoz

e e - ———————
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dibenzoyl and azodiacetyl, react with diazoalkanes or diazo-

acetic ester to givechydrazoneé (154) or oxadiazolines (155)119’
(eq. 4h). Thgfdiaéoncompouhd attaéks'thé-aéo_compound glving

o

the diazonium intermediate (152) which theh_decompbses'to (153).

Subsequent reactiocns of (153) depend on thennature of R, Rl

and R2, as well as. on-the reaction conditionsllz.

- IN
. R NZ=N
2 4
3 (152)
_ Rl\c " COR
ruyy g =N-N
T2
(1514)
*COR
R N—N
P4
b R ~o -

(155)

© Ty

»

A.very tﬁorough search of thelchemical literétuﬂe
'reﬁealed that compounds (143) have not been'étudied in much
detall. In fact, apart from methods of preparation, little
seems to have been réported about them. In general,_it-appearsa
thatf(lu3;1§ = alkyl) are véry'ﬁnstable and cannot be isglated.

This also seems to be true of most cyclic compounds (ius,)ﬁh,=

—(Cﬁé)n-)., The most commonly known a-carbonyl azo compounds (143)
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are those with R

Cre oy

‘1

aryl;-aryioxy:onk%}koxy.

y 62

These are reported

to be felatively stable and can be made -to react with nucleo-

philes.

'ported in any great detail.

The thermal decompositfén of (143) has not been re- - —.

Thusano'cbnsistent modes of de-

composition can be observed,'and the products vary depending

4

" have been postulated

f%agmentation‘of 3—pyfagolidinones (156) to olefins (eq.

O:O

H‘c/
[453: X:—-—ﬁ%
REB ’

~(156)

4
v

on the compound (1”3) studied

120, 121

- g
LTA :
>
or. HgO

~

R c

Rg

\
i
| "2

(157)

N N\

N
//
N

—

Certain cyclic compounds (157)

. as ;nxermediaﬁes in the oxidative

45).
N,
—7—;> R, -CH=CH-R,
+
o,

The decomposition of (157) was believed to.occur via a rddical .

cleavagelao »121

o

Scheme X
0
g
\\N
o\

or via a concerted openinglgl

(Scheme X).

2 2

N T R,CH=CHR, + N, + CO

T
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" Other cyclic azocarbonyl compounds” such as (158)122

)123

and (159 ‘are. remarkably stable It has been indicatedl21

tggf‘this may be due to thelr increased resonance stabilization :
as compared with (157). The ' pyrazolinone system (160) has

been fcundlEH to be somewhaf stable than (157). The

N

-& | @ ’ C ﬂ : @

@ J : X \// / S

‘ 7SN - CBHS/C[—--N / Rfii___N'- 'S
| 'r‘\_ | J fa

(158) | o (159) (160)-

The pyroiysis oflacyclic compourds flﬂ3) was reported
by Pittlgs. He prepared the compounds (161) and (162) and
found them to be relativély stable. On cyrolysis these azo
| compounds gave the products (163) and (16U) respectively,
(eq. 46). In addition (161) gave estrone 3~ methyl ether (Ml%)
and blacetyl. This was attributed to the stericglly crowded
environment at C-17 which makes the acetate carbOnyi less

accessible for attack (Scheme XI), or to the difficulty of

fofming thé‘als double bond. Tne formation of (163) and(&iégq/

" was explained as shown in Scheme XI. L
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2oa

-0
g~CH

3

A(&Gg)o

—CH3

'Schéme

ition of (143) is that of Zabel and frihanovsky

XI

~
e

126

6u

(164)

Another example of the study4p§ the thermal decompos-
.  These

R
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workers decomposed methyl and phenyl triphenylmethylazocarbo;—‘

. ylates (165) in'benzene‘and cumene in order to produee alkoxy-'
’ carbonyl radicals under. mild conditions They found (165) to

~be a gqod high- y‘eld source of alkoxycarbonyl radicals. A'

3

~mechanism for the decomposition was given (Scheme XII).

~

\

-

Scheme XII

Al

e . i

| . -
(CGHS)SC-N=N-C_OR —9|¥C6H5)3C-‘ + N2 +
' (165) solvent  cage

J \
CeHe o /0 (CoHZ) oG G H -
65«.000R 6°5°3°, 6

(CeHg)s
’ e H |
76"~ COOR
o~
CeHs |
(CGH ) C-
(CH

)<C
5 3
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Nucleophilic attack on compounds (143) 1s not surprising,

66

in view of the high}carbonyl stretching frequency : Unlike o, B—
e -
~unsaturated carbonyl compounds which absorb at 1665,l685 cm 1,

a-carbonyl azo compounds (143) absorb at 1800-18“0 cm }.‘
This 1hdicates a strong electron withdrawing.of the azo function
that fe;ds to render the carbonyl carbon more eiectroh defi-
qient than normal and thus, very susceptible to nucieophiles.
o Nucleophilic addition to compounds (1H3) can occur at
three different positions (eq. 47): at the carbonyl carbonf(A),
at the nitrogen alpha to the carbonyl (B) or at the beta
nitrogen (C), Of these, attack at the alpha nitrogen woﬁld
appear the least likely due to electronic and resonandge coné

siderations. All three types of addition have beéen rep d

" in the literature and examples are presented and discussed

53 below.

ENTJ' R-N=N-C-R.
(143)

.

QOf the relatively few reported cases of nucleophlilic

attack on (143), almost all occur at the'éarbonyl group,
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| 127,128

Hoffmann and coEforkers reported the base catalyzed

fragmentation.of two a-carbonyl azo compounds {eq. 48). This
was essentially a nucleophllic attack by the base on the . ‘
carbonyl resulting in subsequent cleavage. In another paper129

Hoffmann and Eicken reported the reaction of sodium ethoxlide

~with the azocarbonyl compounds (166) (eq.. 49) and (167) (eq. 50).

6t
NQN-E-C H - N=N OEt
6 5_ Eto—\k 9
> : -—-E>

, EtOH
Br - - Br

ey o " R N | Br N

Cl

Cl

-

In both cases, attack occurred at the carbonyl carbon glving

' NaOEt ‘ .
R~ H—N-N-ﬁ-R ————> R-COOEt + N, + R-CH,CH
ISR G M 2 2%H3
3 — |

(166) ' (R = C6H5)<



esters as products.

cleavage ol benzoyl- t ~butyldiimide (168) (eq.

5!

used hydroxides, amides, phenoxides: and sodium oxide

nucleophiles, ‘and obtained similar results,

C51]

cussed up to this point were explained as shown in eq. 48.

NaOR
; —+—-N=N~5-06H5 ——-———E}

(168)

68

'In the case of (167), the products were

‘more complex due to the pessibility of two anions (eq. 50).
(Cﬂe)n R (l: NaOEt i
| \CH CH-N=N-C—R' : R'-COOEt + N,
CH2 - EtOH '
(167) . s —
. | ccTz)n R (chy),
503 (CHE)n /CH -CH &= | cH=cH
CH CH
| /CH crren . 2 2
CH - T EtOH - '
. — - -_
. . o
| ¢ n=1, 1, 2,
CH3-(CH2)n-CH=CHR | i R = H, CGH H.

 Fraenkel and Pecchold 130 reported in 1969 the alkoxide

51).. i;p
as

y also

the

- +
CGHSCOOR + N, f—l Na

All the nucleophilic attacks and decompositions dis~

Bock and co-worker8131

é6H5’ R!' = OCH35 behaved as normal esters.

showed in 1966 that (143, R =

When carried cut

under normal conditions, ammonolyslis and hydrolysis gave the
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amide and ;hé acid salt, respectively. “Again; this represents

' nucleophilic attack at the.carbonyl group but in these cases

|zZo nitrogen was retained. _
. The reaction of N-chloro- azocarbonamides (170) with
_butanol was examined in 1971 by Ohme and co—workersl32. Oh
reacting phenylazocarbonamide (169 R = CGHS’ Rl = H)-with

t butylhypochlorite, they - obtained phenyldiazonium chloride

'and the t-butyl ester (171) (eq. 52). The products were thought

* to have arisen by attack of t-butanol on (170) and subsequent

fragmentation. With R = CgHg, Ry = CHyCH, the same result was
claimed, With R.= —(CH2)6—, Rl = H the products were (171),

nitrogen and cyclohexyl chloride.

ﬁ' £-BuOC1. 9 |
R-N=N-C-NHR, " R—N=N-C-NH-C1| + t-BuOH

C-
(169) . aro)

V

[52]
+ t- BUO

R-NEIN €17 + H,NCO,tBu €&—— [R-N=N-¢-NH-C1
(171)

Rl_= H, CHBCHE’ H,

Milne and'Kildayl33 prepared carbobenzoxyglycinephenyl-
diimide'(172)—and studied the attack of nucleophiles on 1t

(eq. 53). With water they obtained éarbobenzoxyglycine; with
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ethanol they got carbobénoxyglycine ethyl ester; with aniline
they isolated benzyloxycarbonylglycylanilide and with glycine
ethyl ester they obtained g peptide _carbobenzoxyglycylglycine
ethyl ester, Similar observations were made by Kel].yly4 ho _

claimed that oxidation of phenylhydrazides to carhoxylic acids

occurred via a phenylazo compound (143, R' = C6H5) which was

'attacked by water to give the carboxylic acld.

~ Nu - N |
CbsoNHChe-C—N=N-Csh5-—————;> CbzONHCH,=C-Nu + N, + Clg
(172) _
T il
Nu = H,0, EtOH, CZH.NH,, C,H_OCCH,NH

.
(53]

527 275 22

In a serles of papers135“‘13'7 published between 1964

and 1966, Cohen and ‘Nicholson discussed the methanolysis_of

- N-phenyl-N'-benzoyldiimide (143, R=R' = CgH).. They indicated

that acid or base catalyzed attack of methanol on (143) led to
methyl benzoate and phenyl d11m1de?3%:136 mne phenyl atimide
was, then thought to decompose to'nitrogen and phehyl'radicals.
They also found 137 that ferric ion in methanol led to more
efficlent conversion of (143) to products

All the preceding cases of nucleophilic attack on
(143) have .been either nucleophilic displacements or substi-
.tutions. There appear to be only two cases of nucleophilic
addition to (143) reported in the literaturet The first 1s

that of Stolle and co-Workers138 who reacted benzoylazobenzene
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'i(lﬂ3, R=R'.= CsHs) with Grigﬁard'reagents (eq. 54).. Ih one
of the_féw cases of attack at beta nitrogen in the systems

(143), 1,4-addition of the Gfignard'gave the substituted

hydrazides (173j-oh hydrquéis.

0 R" OMgX . R"

0
o | ! - H50 ' i
[54] R-N=N-C-R' + R"MgX.——> R-N-N=C-R' —2->7R-N-'NH—C—R'
R = CgHg ~ ) | (173)
. A ‘ 124
Finally, the work of ‘Nagata and Kamata on l-pyraz-

olin-3-one derivatives (l?H).appears to be the most-extenéive
work cgvering nucleophilic attack on o-carbonyl azo compounds~
(143). These_authgfs found that-nucleobhilic attack- with
'ﬁydrpxiAe, methoxide, ethanolf-aniline-agd-pyrazolidih—3-one
resulted Iin substitution at the carbonyl gréup to give propane

derivatives (eq. 55). They also found that treatment of (1T4)

r

R N— - R 0
_ \ ./ N\ Nu '\ [
(174) (R = H or CH3)

wlth ethanol, methanol, anillne, N-methylanliline and 2-dimethyl--
amincethanol led to initial substitutive attack on (L74) to
give the anion (175). This subsequently reacted at elther

nitrogen of more (174) by nucleophilic addition, and depending
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on R, gave products (176) and/or (177). (eq. 56).

=‘N

R/Q\\CH”’C =0 —————§> H/c ~CH. -3 Nu +.

(178)

[563

(177)
| 124
Nagata.and Kamata also reacted
Grignard reagent, ethylmaghesium bromlde,

1-tetralone magnesium enolate. With the f

CH3 or H) led to a complex mixture from which only the product

from attack at the B-nltrogen was isolated.

the latter, (174, R = H) gave in low yleld only the 8- nitrogen

addition product (178), whereas (17&, R =

major product, the carbonyl addition produ

\ / N
C“O
’ “CH"’

I
CHZ—CH -C=Nu
N-—- H

R’ “CH*"

(176) .

(174) with the

and with 6-methoxy-

ormer, (174, R =
However, with . ’

CH } gave, as’ “the

ct‘(179) (eq. 57).

-,
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(179) |

R\‘/N===N

=0
R” \CH/

74

tetralone magnesium
enolate

73



1967 that these workers publlished a more extensive report

R - . e e . -

VI o-HYDROXY AZO COMPOUNDSY .S

Compounds of the type (180) with a hydroxyl group

alpha- to the azo function are quite rare and appear to have

" been prepared and studied by only five research groups The

rarity of compounds (180) 1is perhaps due to thelr thermal
instability. Although the five groups have proposed severel
eifferent names for compounds of the type (180), such as
a—hyeroxyazoalkanes, a—hydroxya%kyidiazenes, semiaminals of
diimide; and a-azocarbinols, for convenience‘in this discussion
only the name a- azocarbinols will be used in. genfral reference

v

‘to compounds of the type (180) } N

»

It appears that the first a-azocarbinol was prepared'

~in 1963 by Schmitz and co-workersl39, but 1t was not until,

140

on the synthesis and propertles of 1,1'-dihydroxyazocyclohexane
(182) Treatment of hydroxylamine O-sulfonlec’ acid (181) with
cyclohexanone in alkaline solution at 10° C ylelded a crystal-
line solid (182) (eq. 58)

-7l -
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' : .- . HO” N N/
- .‘<:>—_-o + NH2-OSQ3H — 'C’_><os HO>L>
(58  —7 . \_/ ok |

(181) (182)

. A mechanism for the formation ofl(182) was advanced
bj_Sshmitz and cOeworkers;uo. - As shown in Scheme XIII, the
initial product was fhought tofbe the iso—oiimesof cyclohex-
ahone (183)." This was assumed to lead to (182) by subsequent

nucleophilic attack as .indicated in Scheme XIII

Scheme " XIII

"0 NH ,=080, 70 NH-Qs'o'
- 3 0 0893
—_ . . _H+ :
NH 0303 S —>
OO0 Ot
OH HO | .gNmN

\4

i

(183)

’\' ,oso

OH HO¥ | ok HC?O

L.U
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The azocarbinol (182) was stable for several days at

f15ﬁC,_in the absenge of bxygenf Howgyer, with air present,. . i
(182) was coﬁgg;zgzpio the peroxide (184) after several days. oo
‘ : : ' . 7 . - o
_ . 0==0 ' - ‘
. <i:::><<OH Hé>¥<:::>>
S (184)

e and at room temperature

a

Compound (182) was thermally un

~ decomposed -to nitroge:

; hydrazine and cyclohexaﬁone in a

1:1:4 ratio. In the presence of acid or base, the decompo- . .
sition rate increased and these'resuitsrwere thoughf £o iﬁ&icate\\
that ther@al-decomposition was a pélar prbcess in sﬁch media. /\\\ i
Decomposifion in néutral medla led to the fdfmatioh of.éyc16¥. ' ,\\
hexanol and was accounted for by proposing a radical cléav7§e.g
Confirmation of the radical ﬁatﬁfe came from decomposition |
in carbon tétrabhloride; which led to hydrazinehydrochloride,

- ‘ : X /
and from déc%mpositionlin the presence of‘acrylonitrile; which
led to polﬁmefic products. .l . ‘ . /

/
In,1966, Freeman and PlonkallIl

“attempted to.%%e are
an a-azoecarbinol (186) by hydrolysis of 3-acet x&—B,S,S—tri—
methyl-AI—pyrazoline (185). Although they did npt fsolate
6186), they pqétulated its ' anion (187) as aﬁ intermediate
in the hydrolysis of (ibs), which led to isobutyl methyl
ketone and pinacolone (eq. 59). |

| Freeman and Rathjenlll2 succeeded in 1969 {In preparing - i

. the azocarbinol (186), 3-hydroxy-3,5,5-trimethylpyrazoline,



o

A —N\/ 3 | Hg:

R/C\CH/ NoAc
(185)-
(R = CH,) .
O : .
591 - g - R\ P N /!3“R
v C-CH,~C-R N c\ o
R - R/ CH/ TR CHj
‘ "|ELOH EtOH
UL | o
o : . CH-CH.-C-R =, - 'R-c-&—,R
o ‘ 3
r {? ) . . - .
' : 60). - They found that

’by‘controlled hydrolysis of .(185) (eq.

~ 1 (186) was remarkably stable’ and that the previous assumption
‘ of its intermedilacy in the hydro;ysis of (185) was in error. [

They also found that. the azocarbinol (186) could be vbtained
by hydrogenolysis of (185) with sodium borohydride (eq. 60).
.o o .

-

- “ =N R . - R N—N R
o H \ % \é/ . L HO or O\ NS
B o ’\CH/ ™NoAc  * NaBH, - R’C\CH /C\OH
. [60] t o 2
S (185) s (186)
RS . ‘ .

" In £ later and iore extenéive*studyluB, Freeman and
| 3 .

»cggwgrkers'prqpared a.varieti oFQ§186)_éhd,examined thelir
N . ] ? . 'r . .t . .

i
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chemistry bn treatment'with'acid the prinoipal-reaction

. was ring opening to produce a mixture of saturated and un-

saturated ketones,_the former predominating (eq. 61). It

1s interesting to note that acid catalyzed decomposition was

R, -7 0 . R,

: v +
| H _ NI
[61] (186) ——> N, + >CH-CH2-!:'-R + C=CH~ -t-n
S ™ - R

(major} (minor)
\ | N

very slow and ﬁp to 80% of the azocarbinol could be recovered
after one hour of rerluxing in 50% methanolic HCl. The

products of the hydrolysis were accounted for as shown in .

Scheme XIV.
Scheme.. XIV
o ' /
R - N—N N:::N CH..-C
\ / \{ s : \/ . \C/ 2 FNoH
-—
R}\CH/ oH~ \CH/ \OH R” “N=NH

;\/c =y ‘, N “§C\/::NH<

) K 'N2 ¢ ;N
v ) dr . . . . 2
R HN=N R + : N=NH : '
)c* \SH }acn(} : R 9
~ \ N CH-CH,_~C-R
R \CH2 [ | v 2
‘(R = ?HB)
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Base catalyzed cleavage of the azocarbinols -(186) was

also studied by Freeman and co-workers.,
equimolar amount of mefhanolic sodium hydroxide under reflux,

the azocarbinols ylelded a mixture 1n which rearranged ketones

‘-_,-‘..4..._\._7_,

predominated (eq. 62). Again, the azocarb

[62] - (186

|
o ~R - .
) ““"‘%9 /Q\C *

Hy

R

,QH—CH

On treatment with an

ls were remark-

I 3
2-C-R

ably stable to base and decomposed very slowly. The reported

Jmechanism_for this decomposition 1s given in Scheme XV.

R =N
\ \

c
R’C\CH/

N /g'R |

R FOR
R’g\CH

Scheme XV
R R N==
/ __.*_*&;.\C/ \_/
oK R” “CHé” No~

(R = CH3)-

L g aaamnadier = U PUCT
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Esterification of the azocarbinols (186) to the 3,5-

din;trobenzoates was also reported. Using a varlety of methods,

etherification of (186) to (188) was accomplished as well
. (eq. 63). . Treatment of the sodium salt of the azocarbihol

with methyl iodide was found to be the best method for ether-

.ification.
R, N=N i . R N=N R
\ \/ S Y\
Neig” o Hy < R N\cH / +
_ - + . \
stou(c)‘ | ' o CHJOH
[63] N—N\ | R N==N R
\ / / -CH3{} \ ./ \/
(lBS)-—————E} C Co C
: | R/ \ H/ No"Na R/\C}{z’/ \00}13
(188)

Dimethylsulfatc/HO://;77 '

" The compounds (186) were found to be quite thermally

stablé. .But, heating at high temperatures for extended periods
resulted in decomposition to ketonlc products.

The third group of researchers to study a-~azocarbinols
reported thelr work in a qeries of publicationaluu 148 which .
appeared between 1968 and 1971. In a communication in 1969,

” Hanig‘and 13{;tt:nerlu5 repofted the synthesis of four t-butyl—
a-hydroxyalkyldiazenes 5190),‘ Preparaﬁion of t-butyidiazene

(189) "in situ" by two methods and subsequent trapping by

R e vupe
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aIdéhydée led to the hydroxydiazehes~(l§0},‘which were rela-
tively stable yellow liquidﬁ (e%: 64). |

L

,(H3C)3CfN-N-CO2K3

372

H,0 | pH=7-8 o,

- C=Nm= — _-;+ - =
_(H3¢)30_N N-H &—— UIBC)3C N=N H + R,-C-H

Gboy * R0 \\/

He H
Ceu1  (mgerq L /H o §.Q>q:
N=N ' . N=N" R
Ve ~ P ” ‘ 1
Rgp\o_ﬁ OR (H40) 4C
1
| (190)
H?o
3 ) .
(Hy®) 300y o (H0) 56, 4 )
N-N_ € A BF),
HC?Z “oR H, “OR
Ry Ry

Reaction of (190) with acetic anhydride in pyridine

led to the acetates (191), and treatment of'(190) with hydrogen

" chloride in ether gave the hydrazidehydrochlofidos (192}.
The trans configuration of the azo group was confirmed by
ultraviolet spectroscopy; the intramoieculaf hydrogen bond
wao cstablished by infrared studies. (

' Furthermore, the detection of azocarbinols (193) and

. " 1t -
(194) 4in solution by Hunlg and Buttner indicated that alkyl-

(Hl - (CH3)2CH5 CH CH'CHQ,:Cﬁaf H)

R



82
dipzenes, with both aﬁ q—methyléne group and cis azo config-
uration, could be formed ﬁ1n s1tu“ and trapped by aldehydes.

Compounds (193)  and (19“)'were very unstable and could-not
be 1solated. - : ' '_ ‘_

H c-ﬁ-o H

H 0 -
3 N-;:pigl - .(H3c)30-%iNH—g-Rl c1”
(1) 3¢ ! 1
(191) - ; C ©(192)
| OH . 8 BRA
» HSCE’N'N’i'CH3 N : o EH (R = H, CHj)
| (193) -

~(194)

In a more detalled reﬁort in 19711M6, Hgnig_and Bﬂttner
extended the synthesis ofIazocarbinols with reasonable Btability
to include groups other than t-butyl on the carbon bearing the
: hydroxyl.‘.They prepared a vériety of trans-u—hydroxyaialkyl—
diazehes (195) (eq. 65) and compiled a thorough study of their
chemistry.. The structures (195) were analyzéd,with infrared,
ultraviolet and hublear magnetic resonance spectroscopy, all
-of which cqnfirmed the trans,_hydfogen-bonded natures of.(195).

In addition to the esterification and isomerization
.discussed earlier, they examined the thermal decompositioh of

(195). They found that (195) decomposed thermally at room

a— m—— -

L A B
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R T | l -
“N-N=O § BFu
/EH + [(CHy) 30087, ——--;;p b, ek
R
2
[65] R, = (CH3)CCH,, CH.CH,, CHg. Ho™
R, = (CHg)sC, CHy, H. | » RL‘N
o i\c’
f-0” \R

(195)

A;his result was

temperature to give a mixture of aldehydes.

accounted for as indicated in Scheme XVI. Path (B) was J7

P

consldered more likely than path (A).

Scheme XVI

Rl—CH2

“N=N
\C/H -_—--—-;> RCH,N=NH  + R,CHO

z: I
é—-
=

R, ~CH=N- NH-?H -R, R, CHg
H,0 \¢§2o |
R,CHO + R,CHO ~ RyCHO Ri=Rp = alkyl

—_

 The mechanism of formation of the azocarbinols (195)

=
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from alkoxjdiazenium salts (196) was studied in detail by

Buttner and Hunig in 1971347, ‘They claimed that (196), on

|

\treatment with base, rearranged to the free alkyldiazene (197}
\

. and the aldehyde (198) (Scheme XVII).

\

The existence of the
)rree diazenes was supported by the formation of (195) by

reaction of aldehydes with alkyldiazenee liberated from

z0-
carboxylic acide.

Support for the mechanism given in cheme

XVII was obtained from two other experiments Additi n of

Scheme = XVII

Rl_ o R

- - 1 o
‘N=N BFu i __> -N_ HO O TSwenT
i H? “ocH 7 5(:’ 'N\OCH
,9 I 3 4 No-H
2
(196) -CH30H; _
: R

R. CHO + Rl—NﬂNH

(19'5.) c’ % (198)

(197)
—o’ "R,

& new aldehyde to the reection mixture resulted in its. 1noor—

poration into the product (195).' Introduction of a dirferent

dialkyldiazene led to a similar result. These two experiments

then supported the formation of free diazenes and aldehydes
in the course of formation of (195) from (196) ' T

In 1968 Hinig and (!'remerll“4 reported the synthesisd

of 1, 2 8,9~ tetraaza-l 8-cyclotetradecadiene-3 10-diol (199a)
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and its.S,lz-dioxa- analogue (199b). Treatment of the méth-
© ylene-2- ethoxydiaﬁenium tetrafluoroborate (200) with an

- aqueous sodium carbonate solution gave, (199) (eq 66), and

‘not (201) as had been earlier reported by Hunig and co~w0rkersluua.
: O"
‘ | X ‘ .
. + Na cO .
N cﬁ . ,/
[66] H.
_ _ H
Eto” BF “
199) (202)
(200) a) X = CH

b) X =0
The proposed mechanism for this transformation is shown in

Scheme XVIII, The cis- hydroxydiazene (201) was not isolable.

i

. Scheme xvxlfﬂ

' X | X
. -HBF ~EtOH
(200)———-é> [:+;J [: :l< :>-[: \]<:H
- N

OEt - 5Et

dimerization

- x
. - . (:' ;)kiﬂ
pE 0) . - . (199) : (201) N= OH

. Compounds (199) could be acetylated with acetic anhydride in

(X = CH

‘pyridine. Isomerization of 1(199) with hydrogen chloride led
to the hydrazides (202) (eq. 66), |

R
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and its 5,12-dloxa- analogue (199b). Treatment of the meth-
* ylene-2-ethoxydiazenium tetrafluoroborate (200) with an
aqueous sodium carbonate solution gave (199) (eq 66), and

not (201) as had been earlier reported by Hunig and co- workersluua.

HO
X Y\
- . Na,CO o ‘ .
+ 2- 3, =N N Hel
[663 E Ho 7 N R
’ - . : =N
Eto”  BF) |
i (199)
(200) @) X = CH2 o

b) X =0
The proposed mechanism for this transformation is shown in

Scheme XVIII, The cls- hydroxydiazene (201) was not isolable

g
. Scheme XVIIﬂ

| X A X
) -HBF +HO ) -EtQOH
(200) —> E+J > []<H — }-[ LH
. N ? OH +H N

OEt ‘ 'oEt

dlmerization

. | Zﬁf/// (/X;)k;
_ | : . H
(X = CHy, O) ~ (199) - (201) N=N N\

-Compounds (199) could be acetylated with acetic anhydride 1n
‘pyridine. Isomerization of (199) with hydrogen chloride 1ed

to the hydrazides (202) (eq. 66),
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n . ' . CT o
Buttner and co-workers: 'S, in 1971, published an

atteﬁpt to prepare cis_a-hydroxydieikﬁldiezenes. The acyciic
déhydrOxydialkyldiezenes were isolable'only in the trans form.
The cis isomer could be observed only in solution on irradia-
;tion of the trans tsomer. ‘These workers thought that perhaps
eyclic alkoxydiagenium salts (203), (204), (205) would give

" the cis-a-hydroxydialkyldiazenes (206), (207), and (208) on.
treatment. with hydroxide (eq. 67). Although (éoG), (207)

and (208) were detected by ultfaviolet spectroscopy during
the course of the reaction, they could not be 1solated and

'decomposed rapidly in the solution in which they were formed

| H
I' + I ‘ . Ho~ ' OH
“r . . (206).

(203)
[67) . HO
- . ”~
7
“OR
(204)
HO™ ;
+ > =N “oH
g\gR | (208)

(205)
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_As mentioﬁéd earlier,‘aﬁteﬁpts to 1solate the ;eveh—mémbered

Y
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ring cis cbmpoundg‘(zﬂl) again failed; and they dimerized |
with remarkable ease to the foﬁrteen—membéfed ring'trans—a—
hydroxydiazenes (199). . - |

' Another publication on the preparation df an a-azo-

carbinol appeared in 1570. Nagata and Kamata:mll

\reported the
synthesis of 2—(5,S—dimethyl—3—hydroxy—1-pyrazolin—3—yi)—6—
methoxy-i—tetraione (179) (see page 73).' On reacting S;S;k
dimethyl—l—pyrazol%n—j-one (174, R = CH3) with th; bromomag-

nesium enolate of thoxy-l-tetralone, they isolated (179)

(see page T3, eq.. . “epmpound (179), on treatment with

' base, reverted %o ieteiy to 6—methoxy—1-tetralone.' Refiuxing
(179) in'Z{H,G—collidine resulted in loss of nitrdgen and in
the formation of the-cyciopropanol dérivativé (209). When
copper (II) cgloridé was addéd prior to reflu%ing, tﬁe product
" was the c&clic enol ether (210). Treatment of (1?9) with
cupric chloride in bis(2-methoxyethyl) ether at room tempér—
ature yielded (211). The aftempted elimination of the azo
group of (179) with the Lewis acid,,borQn_trifluoride;etﬁérate,

led to (212) and (213).




(212)

(211)

Iﬁ 1970, Southwick and‘co—workérs

149 reported the

synthesis of an a-azocarbinol (2155 with a eis azo linkége'
by oxidation of the pyrazole (214) with peraceticlacid (eq.
68). Treatment of (215) with weak bases at or below room
‘tempe¥ature led tb the cycloprgpanol.derivatives (216).
‘Similarly, dissolving (215) in aprotic solvents,'héating_in
neutral solvents (benzene or carbon tetrachloride) or heating

in the dry state led to (216). Reaction of (215) with hydro-

‘gen chloride gave the pyrazoles (217)

[68]°

HO
(216)
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:

' It becomes apparent, in summary, that due to the
rarity of a-azocarbinols)-liftle 1s known about.their genefél.
- properties. Likewlse, conslistent patterns of reactivity and L

thermal stability have not yet been determined.
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used as spin traps ar nitrosb—t—butane (219a), 2-meth§142-
nitroso- -3-butanone (2 9b) and!’ nitrosobenzene (2&le;a’Both
types ‘of traps react \th reactive free radicals in an addi-

tion reactiOn to give nitroxide radicals (220Y>and (221)

" (eq. 69). - ' » o o . L
' ]
. 0 |
R-CH=N-C (CH,) - + )
_+ " 3 3 :
(218) a) R =
b) R = H
£693 . 9
R~N=0 t Ry ———> R-N-Ry
(219) a) R = (CHy;C . (221) : ‘
b) R = CH;COC(CHj3),
C) R = CGHS o

The nitrosc compounds (219) are the mcst-useful spic
traps because information concerning the original radical
structure is more easily obtainable, due to the facL that the
new radical site is closer to the previous radical g&
However, as Janzen points out at length in his review, there'
are both advantages and disadvantages“inherent in the use of
either nitroﬁes (218) or nitfoso compounds (219) as spin traps.

A paper describing the use of hindered phenols as

gspin traps was published in 1972 by Camaggl and Perkinslsg.



The electron spin resonance spectra of nitroxide free
radicals were discussed at 1ength by Leaver and Ramsay155 156
and also by Griffith and Waggonerlso. The latter authors
discussed the use of nitroxid ﬁfree radicals in a procedure
" called spin labelling. This procedire is similar to spin

.trapping in that 1t utilizes "planted“ nitroxide radicals in.

macro molecules of living systems to allow their study by.

electron spin_resonance spectroscopy.

P

————
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VIII RADICAL CHEMISTRY -

L P INDUCED DECOMPOSITION

| o Azo:cqmpounds have iong beenlknogn ﬁo decompose therm-
'ally 6f photochemically'tq prodﬁcé"nitroéen and frée radicals;
However,.ﬁhe induced dgcdmpositiqn‘of'azo compounds'to'freef
radicalé 1s rare. Posslble mechanisms for indﬂcéd decompés—

o . .
ition are given in eq. 70. One reason for’the rarity of the

. . L o . .
a) R 4 X-N=N-R, ———> RX + Ny + R/ .
C703 | |

b). R® + XSTSZ-N=N"Ry——>RX + ¥=2 + N, + R]

radical substltution reactions of eq. 70 COuid be the relative
"rarity of ézo compounds wilth siﬁesVX, capable of ﬁarticipating
in radical substitutions. Azo compounds with site X, amenable

~to radiqal substitution of the typé shown in eq.,70a,. have

‘a n5Eén reported in the literature and include those with: X =

~ ."H161,162, % = Rcdl63’ ¥ = ﬁs‘0216”, X = R062165, X = ArSlGG,.

"k ;cﬁ30167, x % 1168, ;t 1s very possible'tpat the decomp-

osition of these compaounds could have occurred vlia radical

substitution at X. g
— A few cases of possible induced decomposition of the
type shown in eq. 70b have also been repofteleg’luo. Aan

- 93 - E
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»hnd co-workers 169 - that HC1 accelerates the thermal decomp—

KT

~

e ARt e

A : | . _
example is given in eq. 71 ' ‘This is the'observation'of Bensen
»

o

osition of azo isobutane : ': : ' ' ' o = 3'
(CH3)3 + HC1 —> (CH ) + c1°
711 ¢t (cH Y 3CN= NC(CH ) ———%>7H01 + cH (CH ) ,CN= NC(CH3)3
~tw, (CH ) ,ON= NC(CH3)3 ——4> CH, C(CH ), + N2 + (CH 150
B) RADICAL ADDITION 1

.

The addition of suitable reagents ‘across the doubte

bond of olefins by i free radical chain reaction provides d
useful synthetic method For the preparation of small molecules.
A wide variety of reagents such as halogens, hydrogen bromide,

alkyl polyhalides, aldehydes +aleqhols, amines, mercaptans,»,; N

thiols, esters; acids, ethers, acetals as well as certain

phosphorus and, silicon,compounds can undergo radical addition

- .

to suitably reactive ‘olefins.

Radical addition occurs when a radical A produced
from a molécule A-B by some initiatlon process (photolysis,
thermolysis or chemical initiation), attacks the double bond .
of an olefin. producing a“ new radical A- CH, —Cﬁh " This radical
in turn attacks molecules A~ B to glve A CHEHCBHR and radical
Jf. Radical Iy again attacks the olefin and the process is
repeated The overall addition of A-B across the ‘double bond

(eq. 72) occurs through a complex sequence of steps as shown

(eqs: 73-78). 1In this sequence equation 73 represents 1nit1ation,

N -

B
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equatiohs 74 and- 75 represent propagation; equationé ?ﬁ‘to
. —r ) . : - ) . e . S o ..

78 represent términagion. The reaqtiong represented in-

s

equations j4 and 75 are the imponiant;stéps;in detérmﬁning
the pro ct;‘égnce A 1is cohsumed-(eq. 74} d regenevated

"(eq. 75), and many ‘such cycles can occur for every radidal

A introduced into the system. o ) S
[72]  A-B + CH,=CHR ———=> ACH,CHER’ .
- C731 ° A-B 4+ Ip" ——> 4" + BIn
' : e . _ : . | b ’
C74]- A + CH,=CHR .———>> A-§(2-CHR |
£753 ACH,CHR  + A-B ———> AC ,CHBR: + A" o
C76]1 N i———> A-A -
D773 . 2ACHCHR T ———>  ACH,CHR-CHRCH,A
L7871 )A' + ACHgéHR — > ACH,CHAR

!

The overall reaction rate and the kinetic chain length
(molecules of product produced per initiator radical) whilch
determine the_yiéldrof'product.dépend on’gach of the, three
'processes: initiatidn:.propagation, and éermination. The
rate of initlation can be contfblled by adjustmmnf of exper—

L ) : N . .
imental conditlons. The rate of termination is not" ontrol-

lable and thus 1m§oées'a serious limitation on -the
of the addition process. The reactions'represented_ln
.?ﬁ'to 78 have. very high rate constanfslf%167 1/mole/sec.). with
the timé interval b{?heen initiation and termination being of’

the order of only a seéond.\\;a\prder for a large number of

’

J
\-'7\/
L9

~




propagation steps (eqs. T TUETS) to occur in this time interval,'
. - . -.' .

it becomes obvious that they.must be very rapid, low activa—

) tion energy processes.

' The overall rates and ylelds of addition (eq 72) are-

PR

a iSoidependent on»the structures and reactivities of A-B and .
the olefin The overall reaction (eQC)72) is, in general,
exothermic by approximately 20 Kcal. /mole (assumlng that A

is a hydrocarbon radical) ﬂowever, for high ylelds this | _ ”f
_energy must be suitably divided between the two propagatid///
steps (eqs 7“&75) and- neither can be significantly endothermic.

" How this energy is divided between steps ~ T4 and 75 is deter-

the stability -of radicals A and ACH CHR For exo-

thermi¢ity.in the addition reaction (eq T4y, radical A® should
be unstdble relative to ACH CHR since the resdnance energyJ
of A" 1S\ lost while that of AC#ECHR {s gained. 1In order for
the chaln\ transfer reaction-{eq. 75) to be exothermic, the

_ loss{ of the resonance energy Of‘ACHzaHR should HF-COmpensated-
for by the resonance energy of A plus the energy, of formation
of ACh2CHBR.. An example of the dependence of this division
of'energies on the structure of A-B 1s the case of HCl aE%

HBr addition to olefins. In-the.case of HBr, both propagation
steps are low energy and the addition proceeds in high yield
Howeverﬁ in the case of HCl, although the overall reaction is
.exothermic, the chain transfer reaction (eq. 75) ‘where A B =

Cl-H is appreciably endothermic and the radical chain addition

of HC1l to olefids is ndt-an efficient process.
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'“ﬁf S l”l_-, 9# .
"Other_prd:leees,euch-as, dieproperfiqﬁetien-(eqs;
;“79#81), edeidetrensfer:wieh eoivent_tede. 8?-84),'telomer
I‘ormation (eqs 8'5" 87), a11y11<£ attack (eqs. 88&89), and
' rearrangement (eqs. 90&3\3, can. compete with radical addition
'to affect seriously the yield of the desired 1l: 1 adducts

These processes. are usually dependent on specific features

of a given reaction. ‘ o
) . ’ . - : "
C79] '2ACQOH‘R —4}—9 ACH=JHR +  ACH,CH,R

[80] A 4 ACHEEHR ——> ACH=CHR . + AH )
813 . A+ A" ———> C + D R
[823] ACH,CHR + SS =——3> ACH,CHSR + s'_" "
£83] S* + 'CH2=CHR —9 SCH EHR

(841  scH E:HR + 88 ~——> SCH,CHSR- #+ §8°

o

2

[85]  ACH, CHR +  CH,=CHR —9 ACH ,CHR- CH., CHR

[86] ACHchRCHchR + 'A-B ——> ACH,CHRCH,CHBR .+ A
£87] '-ACH;_,CHRCHECHR + CH,=CHR —> ACHECHRCH CHR-CH CHR

[88] CH,=CHCH,R' =——3 CH, “cHOHR'  + - AH

£89] : CH,=CHCHR' ——% A e CH2 =CHCHBR'

C901 > ACH, CHE'CR -
||e‘-

[91] A-B  +——> ACH,CHR'CHBR '+ A’

For & more thorough discussion off radical addition'

chemistry, the reader is referred to several good books
171,172 173,174 A

170., e

K&/, and review articles _ R

O T Or L
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DISCUSSION =

b

A) LEAD TETRAACETATE OXIDATION MECHANISMS OF SEMICARBAZONES

AND SIMILAR CARBONYL DERIVATIVES ' . . KF'

Althoughfthe products of the lead tetraacetate oxlda-
tion of carbonyl derivatives are different chemical compounds,
‘they all exhibit the same arrangement’of'etoms in a five—

membered ring. Therefore 1t seems reasonable that a common

mechanism should be' able to aqcount for all the observed
results of such oxidations. N

One of the alms of our work was to exanine the reported
lead tetraacefate (LTA) oxidations and, by analyzing them in
relation to our results.on the LfA oxldations of semicarbazones,
come up with a mechanistic scheme that wouid aocount for most
or all of the observed results. VSuch a scheme was prepared

N

and is shown in Scheme XXI (see pages 106 and 107).

e

<,

Several other authors have proposed- mechanisms for
the LTA oxidation.or various carbonyl derivatives, but none
of thes ;nechanisms account for all of the observed results.
SEETgragxexplained the LTA oxidation of aldehyde semicarba—
zones in acetic acid to 2- amino—l 3 Uhoxadiazoles (225),"in
terms of & nitrilimine intermediate (Scheme XIX). This
mechenism left a lot to be desired since theraoetate (222}
was not iaoiated and it 1s unlikely that the nitriliminer

- 98 -



-would assumé the favorable geometny-(223) requiredthr cl6sure.

‘It 1s more llkely tovhavé the positive chafge-diéQributéd'..'a*

between,qarbon and nitrogenland this requifes*a linear geom-

etry (22N);

Scheme XIk‘

, 0. : R 0 :
o LTA N |
RCH N-NH- c -NH, —— C=N-NH-C-NH,, . .
! ' Aco” :
. )
+ S* - '
Ne—N, R-C=N R~C&N-N
/4 N N\ - N
R-C{__ _~C-NH, &— /N or o>C_NH2
(225) . (223) NH, " (224)
Hoffmann and Luthardtlol 102 rat .analyﬁed the forma-

wtion of oxadiazolines from benzoylhydrazones by LTA oxidation.

.ag_shown 1n Scheme VII (page 49), Their explanation rgquired

the .formation of an acyclic azoacetate which subsequently

closed to the oxadiazoline. ' The evidence for the existence

of the azoacetate was .weak and inconclusive, since the compound
was unstable and unisolable Iffland and co- worker337 isol-

ated stable acyclic azoacetates produced by LTA oxidation of

f«xphenylhydrazones.- The disagreement as to the stabillty of

rs
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acyclic azoacetates seems tojzﬁgtﬁgf/

ence in Hoffmann 8 case.

36

Iffland and co—wo;kers ostulated azoacetate
intermediates in the oxidation of h :\iiLthylsemicarbazones
with LTA LScheme 11, page 17). Rabjohn and Chaco80 eXplained
‘ the LTA oxidation of carbethoxyhydrazones to acetyldiphenyl—r
methyl ethyl carbonate in & similar fashio%y In neitherﬂcase.hd
was the azoacetate isolated or evidence for its existence |
produced
— : Norman and GladstonegQ suggested a mechanism (Scheme -.
VI, page AT). for the formation of an epoxide (126) from U-p-
nitrophenylhydrazone (12M) by oxidatlon with LTA, which is
" similar to the one glven in Scheme XXI. Their mechanism in-
volved cyclization of a 2 nitrogen lead complex to an oxa-

diazoline and subsequent loss of nitrogen to give the epoxide

. (126). : s _i

-
IS

A mechanism similar to Norman S was proposed by
‘CameroanS for the oxidation of lU-substituted semicarbazoné§
with‘LTA which resulted in selective"formation of only one

of two poseible‘ieomers,'the Z-isomer (see page 20), This v~
uselectivity could not be-exolained by the hoffmann—Luthardt
mechanism. Caneron 's proposed nechanism-ié shown in Scheme

XX. The 2—nitrogen lead complex (226) has steric requirements:
which force the’ terminal nitrogen to brient itself in euch
a way as to minimize steric hindrance, that is, the bulkiest

group (R ) must be away from the lead and rotatlon about the

4
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C N bond 13 effectively prohibited.' Closure of'tﬁe compleix

in this orientation results in the Z- 1somer exclusively.

>§cheme XX . : .

: : - L - Ac
R\c U T £ U N Pb(OAc)
" LmN<NH-C~NHR, = e - N

rg T T \// \

el R AR b

ew

~ - i

f= N -
R T ;
R/c\o'/c: l\k o R

K We carried out the LTA-oxfdations of unsubstituted
. . "

ketone end .aldehyde semicarbazones. Oi;dation of ketone
semicarbazones in methylene chloride, conteining anhydr'uS‘
potassium carbonate to remove the eoetic acid formed dur
the oxi  tion, resulted in.high ylelds of the 2fimino—a3e1,
3,8-0xa iazolines-(227)‘(eq g2). Although the substituted
2-imino analogues are known (see page 55}, (227) ‘have not
been reported’ to,ﬁate, and thxs appears to be the flrst
preparation of them. Io the benzylmethy}rcaseJ‘two 1m;no ‘ ‘ ‘. \
signals were observed in the p. m.r. speétrum + The fact that.
hydrolysis of the mixture gave the corresponding oxadiazolinone
suggests that those signals came from the E- and Z -isomers of the

-imine. The compounds (227) were purified by subllmatlon and

_ﬂiiii:jj;ﬂ by midroanalysis. R

the structo
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R |  LTA/0°C }'ﬁﬂ -
%:r p - cu,cl, O ~
=N-NH-C-NH, —2—S> N o+ N7 o
R, N\ A b\\ /
. ) , N—C—R, A N——-ir—a
L9223 ; - 2
| J | z  (227) E
Rﬂ = CHB, CHy, (CH, FEHQ)S
R, = CHj, (tg3)ecn, CHgCHys 7

" Our main Interest in ketone semicarbazone oxidation,

apart_from the mechanlistic aspect,-was7the preparation of

5h5-disubstituted-A3—l,3,&—0xadiazolin—2-ones.(228)176. Com-

pounds of the type (228) were first prepared in this labor-
atorleT‘by,hydrolysis of 24méthylimino-S;S—diaikyl—AB—l,3,M-

oxadiazolines (140) in dilute acid media (see page 55). We

Eound that. LTA oxlidation of unsubstlituted ketoné semicarbazones

in methylene - chloride followed by "in situ" dilute acid hyd-

rolysis of the imlno compghnds (227), provided a simpler,

more readlly accessible route to (228) for two reasons. Firstly,

unsubstituted semicarbazones are morerreadily‘avéilabie than
tﬁe l-methyl analogﬁes'and secondly, "in situ" hydrolysis
‘results in higher yields. The procedure for the preparatién
‘of (228) is outlined in eq. 93. Purification for analytical
pﬁrﬁoses was achieved by-sublimation for the solid products,
and by'vacuum distillation for the liquid products, with .- _
" average ylelds of 40-50%. Compounds (%é%) could be converted
to (228) by dilute acid hydrolysis.’
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.Rl\\C .

= l-NH

~

R5

R, =
1
- /SpH2
2.

Ry = CHy,
o = CHg,

n

L

NH )

_  CH,Cl,
)5) H )u) '
(CH3)20H, 30H CH

CHy "y . CH
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3

-

1) LTAZ0°C 2) Hq0'

CSH

CH3
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(228)

,'(CH3)20H.'

):( 3)2

| The oxidation of aldehyde semicarbavones in methylene

chloride with LTA resulted in the formation of 5, 5'-disubst1—

tuted-aczo-

1,3,unoxadia;oles (29) (eq. 94),

-;Comppuqu of the

~ type (29) had been reﬁorﬁed27 as products of the oxidation

of é—hmino—1,3,Uroxadiazoles (325), but were never obtained

directly. from oxidation of‘aldehyde\semicarbasones.

Lokl

C=N NH—E
H”

N......_
v \\
~-NH,, ———-———Eb R-C
~ CH,CY, ~o~
CGHECHBCH,

]

‘R = O—ClC6Hu, O—CH3OCG'HN,

(CHgICHs

In orde
rFa

Ne=——N
7 N,
c= N‘N C\O/L-“
- (29)
L) 0.

[

to demonstrate that (29) are the same products as those ob-

tained from the oxidation of (225) and that (225) are 1nter*

medliates in the above oxidation, two co;Bounds (225, R =

-

o—ClCGHu, GH CH-CH) were prepared by Gibson 313 method ‘anrd

oxidized under ‘the same conditions used for the aldehy e

]
N,

r
S

. .

S
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semicarbazones (eq. 9&). \Thelproducts obtained were identical

to (29). | |

. . | L
Since (29) 5? a product of the further oxidation of

" (225), it is suprising that Butler22 did not observe 1t. The
fact that he used acetic acid instead of methylene chloride
(this work) as solvent may be important. Protonation of (225)
in acetic acid must reduce the ooncentration of free amine.
If the rate—determining step of.coupling isﬁaniSN2 reactlon
between free amine (ﬁNH ) and a lead derivative (RNHPb{OAc) Y,
'then the rate of coupling depends on the square of the con-
centration of free base.' Halving tH? ooncentration of free
base would therefore reduce the rate “of codpling fourfold.
During the course’ of our oxidations of aldehyde semi-
carbazones, ‘we obtained one anomalous result. Oxidation of

‘ —dimethylaminobenzaldehyde semicarbazone (229) (eq. 95)177

under identical conditlons to those used for other aldehyde
semicarbazones (eq. 94), 1jed to a quantitative yield of p-

. ,
dimethylaminobenzoyl cyanide (230) (eq:z 95). The product

(229) | | (230)

(230) was identified by microanalysis, spectra, comparison
of properties to those reported 178 as well’ as- baSe hydrolysis

to the known pﬂdimethylaminobenzoic acidl79'and cyanide‘ion.

.
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We believe that the oxldation of ccarbonyl derivatives

with LTA can be explained by a single-meciaﬁism closely relat-V

ed to Cameron S and our proposed mechanlsm 1is shownlin Scheme

XXI; The initigl step in the oxidation involves\reaction of .
the carbonyl derivative with the LTA to give a complex (231),
in which the 1ead is attached to the 2-nitrogen. If the
carbonyl derivative is an aryl or alkyl hydrazone then azo-~
acetate formation oféurs (Path I) since cyclization is not .
possible. Thus-Iffland's37 azoacetate product can be accounted
- for. —When the carbonyl derivative has a carbonyl group in

the 3-position, intramolecular cyclization occurs (Path II).

Depending on Ré, Path II can branch into two routes,

A and B, When Ry = CORu, cyclization leads (Hé%tefA) to the
charge& species (232) which then adds acetate to give the
‘oxadlazoline (233). This .1s Hoffmann's product with Ru = 06 5
and by this route 1ts formation is explained without invoking
an acyclic azoacetate. If Ru = pe02NC6Hu, then (233) is the
samefas Norman's intermediate which loses nitrogen ['o

the epoxide (126), Iffland's carbamate, from the\QZT;:;?i;wof.
U,H—diethylsemicarbazon , can also be explailned bj Route A&.

The intermediate (233, Ry = N(CH CH3)2 can lose nitrogen to

give the dipolar specles (234) which can rearrange‘to the
carbamate (39). A similar explanation accounts forvthe form-
ation of acetyldiphenylmethyl ethyl carbonate (235) from the
carbethoxyhydrazone obstrved by Rabjohn and Chaco. The Iint-

ermediate (233, R, = OCHECHB) loses .nitrogen to give (234)

Sk e e P b e e
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Which rearranges to the carbonate (235).

In the case of monosubstitutedﬁsn% unsubstituted
ketone semicarbazones, where Ry ='COHHR cyclization leads
(Route B) ta_the charged species (QIS) Depending on RS’
(236) can d:;:Ltonate to glve three products If R = NCRgR

5
then deprotonation leads to the product (237) and the oxida-

7!

) 4
tion of carbohydrazones77 is accounted for. If R5 = alkyl

or aryl groups, then deprotonation.yields the_z-isomer of - C><

2-alkyl or aryliminooxadiazolines (238) exclusively. This
selectivity was-expiained‘hy Cameraon snd the explanation is
summarized on page 100.

Finally, our results cdn be accounted for in the
following way. ‘When'RS = H,’deprotonation of (236) leads to a
‘mixture. of E and Z isomers of 2-lminooxadiazoline (227). This

is reasoneble in light of Cameron's argument since when the
steric requirements o£ both:substituents on the H-nitrogen are
equal, one should obtain both isomers. ‘Acid hydrolﬁsis ofﬂ
both (238) and (227) leads to the o adiazolin-Efones (228).

In the case of aldehyde semicarbazones; oxidation |
Jeads by Path II, Route B to the 1nbermediate (227, R ? H),
"This can then, depending on Rl, andergo either of two trans-
formations For groups Rl other than p (CH ) NC Hu, (227,

'R ='H) isomerizes to the 2—amino-1,3,4—oxadiazoles.(225).

2
Thus Butler's products can be accounted for without resorting
to niltrilimine intermediates. Under our conditions (225) are

oxidized further to the azooxadiazoles (29)

. 108 , -
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When Rl = p—(CnggNCG q, the intermediate (227, R2 = H)

loses nitrogen to[give the iminooxirane (239), which can-be

bsequently oxidized by LTA to the benzoyl cyanide (230), or
it can isomerize to the cyanohydrin (2u0) which 1s then oxi-
‘dized by LTA fo {230). It can be seen that, to explain the
'3formation of (230), the imino compound (227) must be formed
as an 1ntermediate With Butler s nitrilimine mechanism it
is not possible to aCCOunt for the C-C boaa formation required
to form {(230). ) : . . vﬂg
. The anomalous effect of tne-p—drmethylaminophenyl
grouprcan.be-explained in the following(manner. The strng'
electron donating. property of~p;dimetny1aminqphenyl, by
supporting the #&eveloping positive chargelat the K-carbon,
would -tend to‘éncourage-C—N bond cleavage, as opposed to
"1somer1zation which occurs in the case of oﬁher groups Ry,
The result 1s loss of nitrogen, givingltne-iminooxirane (239)
by either a stepwlse process or a conoerted prooess with a
polar transition state (Scheme XXII). With groups Rl other
than p~dimethylaminopheny1, isomerizafion is the fasteég

]

process effectively preventing loss of nitrogen._ Here the
result is formation .of the 2- aminooxadiazoles$(225)

Support for the existence of an iminooxirane (239)
intermediate came from the oxidation of pfdimethylaminoaceto~
_phenone semicarbezone, which led to a polymer and p-dimethyl-

‘aminoecetophenone. In this case, the intermediate iminooxiréne

(241) (Scheme XXIII) cannot beooxidiied; therefore, 1t elther

L]
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Scheme XXII -

. NH | -  NH

] . .
a - o
N/ \O o . concerted '\\O
\\J'C/C;Hﬁ(‘CH) | > Nyt c/ ‘ '
: | 6 372 ' . H/\GHN(CH)
H
.f -~ . ] . . ) - e s
' stepwise
- NH : _ ' NH
N . : 1
C

: N/ ~n “ -!3 . -
N L7 | > e
N ?,—csﬂum(caa)z . . 4o H N(CH@E

opens and-polymerizes, a known fagile reaction af a-lactones

o2
:3:.._

180 -

3

or 1t iscmerizes to the cyanohydrin which hydrolyses to the

.  ketone during workup (Scheme XXIII).

Sch XXIII . -
S A
0 \ / CgH N(CH,), + SeHyN(CHL),
HN= C-—-—C\ —:—-———-} HN= C—C ——» polymer
-CH3 CH3

v N

5.

OH, - 0
A - I
NEC—(IE—CGHHN(CH3')2 ——> HyC-C- GHHN(CHB)E (“
CH ‘ ’

3
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The proposed mechanism in Scheme XXI accounté, then,
quitg éHeQuatéiy fér all the recorded observatipns and appears
to be a general mechanism fof‘LTA oxidations of caréonyl |
derivétiVés. |
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B) SPECTROSCOPIC AND CHEMICAL PROPERTIES OF THE OXIDATION

PRODUCTS; - | o - - .'
&E;é%g f-DISUBSTITUTED- AZO 1,3,4-0XADIAZOLES (29).

- The products (29)‘are essentially azo dyes and are

highly coloured. Once in thé solid form, they are extremely -
insoluble and as such, are very difficult to a;&lyze. Pro-

| longed reﬁ;uxing in hexachlorobutadiene, fop instance, was
‘necessary to give a contentrated gnough‘s‘lution for n.m.r.
analysis. .~ : : o ': | o

The compound (29, R = 0-ClCgH;) was - " anal-
yzed by microanalyéis, by mqleéuiar welght determinatiqn,
and through its n.m.r. and ir.‘spectra. The other structures
were ass;gned by analogy. In the case of R = CGHSCH CH two
products were obtained.” Both were azo compounds, and it is
possiblé that one was'the product of the further oxldatlon
of the_cinnamyl doﬁble-bond by LTA.

The compounds (29) are all Very high melting, very
stable and do not feact with acid or base. Due to théir.
'insolubility, to thelir unreactivity and to the fact that they
Awere already known, the chemistry of (29) was not examined

It is possible that they may have some utility as dyes, since

their insolubllity ﬁould-make them colour~fast once in the

_fabric; . ' s _'”\{’T?

- 112 -
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2) 5, 5 DISUBSTITUTED A3—1 3,4~ OXADIAZOLINn2 ONES (228)
The compounds (228) are a,B- unsatuﬁggzh—a B diazany-
1§otones and, as such, can beicompared to u,B-unsaturated—y—
lactones (242). The infrared carbonylifreQUencios of (228)
Occur'dt‘1835 cm_l, while those of (2&25 come atgabout 1750
cm"l. The dilscrepancy appears to be due to the strong elec;

tron withdréwing effect of the azo group of (228). This in-

fluence 1s probably exerted at the carbonyl carbon, where

0 0
NN | _ MG
“ﬁ J R . Y c! R
| SO
R e R
2 : : y

(228) ' ' (éuz)

sp2 nitrogen acts inductively to withdraw electrons, and in-
directly gt the yv-carbon, which transmits an inductive effect

to the ether oxygen This Y-effect 1s also known in (242).

y-Acetoxy- Y-valerolactone absorbs at 1797 cm l; about 30 em™ L
N

181 |

higher than y-valerolactone Compounds (?28), like A

1actones, do not have alter carbonyl frequenoies due to
spirocyclic geometry (228, R1R2 = (CH )u or ﬁCH ).) where
extra rigidity is imposed. Another infrared band of (228)

-1

at 15“0 em is attributable;to the azo group 182 and 1s com-

parable to the N=N stretching frequency of 3-acetoxy—1—pyraz~.

olines at 1565 em -1 183 .

.
’ ~
NIRRT VTR Ao -k e
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The ultraviolet spectra of (228) consist of a medium—

intensity 7- -¥ band near 217 nm and =a 1ow—1ntenslty n- * bﬁ;d

near 370 nm, The former is red-shifted in polar qolvents as

is common for ﬂ—n* bandslau.. The n—n* band is also red-shifted

in polar solvents, in contrast to the n-n¥ band of ketones

which is blue shifted due to decreased polarity of the excited

' state relative tc the ground statelau; In the case of (228),

the red shift of the n-nm* band indicates increased excited

state polarity and suggests that the ‘n-7¥* band 1is due to the

.

n-electrons from nitrogen rather than from the carbonyl carbon

The compounds (228) exhiblit n.m.r. spectra character-

istic.of alkyl groups with protons'oﬁ carbons directly attached

to electronegative atoms. In some cases, complex spectra are

.obtalned due to chirality from unsymmetrical substitution at
C‘-S.
Oxadiazolin-2-ones (228) are white sollds or clear,

colourless liquids depending on the' groups R1 and R2 They

‘have a pungent odour reminiscent of onions‘and are_relatively

volatile. At 0°C under anhydrous conditions they are. stable

indefinitely, but in the presence.of water or at; room temper-

ature they slowly deconpOSe The solids are low-melting
/

(50-80°C) and can be recrystallized from petroleum ether (30—

60°C). Thermal decomposition of (228), by .heating to 100 c,

results in a mixture of ketone and ketazlne.

L e st

S s g o
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3) 5,5~-DISUBSTITUTED-2-IMINO-A3-1,3,4-0XADEAZOLINES (227).

A1l compounds (227)3prepared-are'white selids with
melting points‘in the range from 50 to. 909C ° Their spectra
are similar to those of the corresponding oxadiazolin—2 -ones
(228), with the inrrared exhibiting a strong exocyclic imino
absorption at about 170570m_i. Additional-properties were

not determined, although microanalysis of*the.5,§;dimethyi

compound was obtained to ensure that the asslgned structures

.
a

(227) were correct.

e

H.



¢) .CHEMISTRY OF 5,5-DIMETHYL-& 3—l 3, ﬂ OXADIAZOLIN -2-0NE (9u3)

In general, systems containing two nitrogen atoms
directly bonded by a double bond are -potentially reactive
and synthetically)hseful. Their reactivity arises from the
‘possibility of theﬂmal or photochemical cleavage .0f the mol-
lecule, producing ‘a stable nitrogen molecule as well as other
fragments, which can, in turn, be useful intermediates for
synthesls. The formation of nitrogen tends to lower the
activation energy'of the decomposition, thereby enhancing
the reactivity. R

Oxadiazolinones (228) contain not only the azo function
referred to above, but also the lactone function. Their chem-
‘.istry was therefore expected to be interesting, complex, and
possibly useful. Although eight members of the family were

nthesized, only the 5,5;dimethyl—A3—1,3,M—oxadiazolin—2—one

'iEW3) was stndiedlsince it pronised the simplest n.m.r. spec-
tg; for materials'potentially available from various chemical
neactions. o o

The thermal decomposition of (243) was first examined
by Lee, Cameron and Warkentinlog. They found th&t the mole-

cule does indeed cleave, and furthermore, does so by a duality

i1de, the decomposition leads primarily to carboyy monoxlde,

nitrogen and acetone. This route has little T§;%;2%i§)sign1r-

- 116 -

of pathways. In nonpolar solvents, such as(car:pn tetrachlor-
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icance. However, in-polér solvents, such as ‘methanol, decomp—
osition 1eads mainly to carbon dioxide and 2- dia"opropane
.(eq 96) which, 1if no reactive trap. is preSEnt goes on to

“+

acetone azine.

- CLHLCL
: S nonpolar 3 -
ﬁ . solvent Co+ Mo o C>C. 0
7N 73 '
L |
(961 . CH3 : solvents 2 "y
. . _ ]
(243) )
H C . CH
3 \C=N—N=C< 34w,
H3c’ CH,

Given’the presence of a sultable reagent during form-

_ation, it seemed likely that the 2-diazopropane could be trap-

ped. If this should prove to be the case, the decomposition

of oxadlazolinones {228) promised g simple’ route to usable complex

diazoalkanes. Fairly-complex diazoalkanes are, in general,

difficult to prepare due to three factors: firstly, the usual

route invoiving oxidation of the hydrazone requires 1:1 con-—
densation of ketone with hydrazine, and Tesults 1ln traces of

metallic impurities which can catalyze decompositionlas'

>

secondly, hydrazones tend to disproportionate to azines and
f_._/“
186,

'hydrazines ; thirdly, some diazoalkanes react rapidly with

themselves to farm azine3187.

v ——— o me
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On décomposing (243) at 100°C in eicéss glaclial acetlc
acld in a sealed tube, we fqund tha% the 2—diazopropané could
indeed be trappedAénd cbnverted fodisoproéyl éceﬁate in.about
éo; yield (eq. 97)- Similariy, decomposition of (2“3} in m- :
cresol ylelded m—tolyl'iSOpropyl ether (eq. 9?). Décomposi-

tion of (243) in phénol resulted in phenyl isopropyl ether.

“~

acetlc -

| O-CH(CHJ),
(243) ' | ‘

Ta establish the generalifykof‘the reaction for all (228),

we decomposedlcyclopentanespiro—Sf(A3t~1',3',4'-oxadiazolin~

~2'-one) (228, Rlﬁz% (CH,),) in glacial agetic acld and ob-

tained cyclopentyl acetate.

' Although the ylelds are low, the decomposition of
(?28) appears to,Provide an eas;}f&ute to fairly-complex.
diazoalkanes. Apart from the fact that this method is cheap
and does th reqdire synthesls of halldes or tosylates for
the S& reactions, 1t provides for esteryficatioh'and etheri--
fication'of-ﬁarious substrates thrdugh.use of the appropriate.

ketone,
"y

Diazoalkanes also react wlth aryl isocyanates to form
oy .

A
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-oxindole derivatives and hydantoins - Oxadiazolinones (228i

119

° 188 o

may be excellent sources of diazoalkanes for these syntheses
It was also of interest to examine the reactivity of
(243) towards nucleophiles as well as other reagents This

reactivity was expected to be fairly high, in view of the

elevated carbonyl stretching’ frequency of (2&3) at 1835 cm -1

N\ o
) Although oxadiazolinone (243) 1is similar to an a,B- unsaturated i

ester, 1t has, in some instances, the chemilstry of‘o B-unsat-
urated Ketones. Treatment of (243) with sodium borohydride
in methanol or water resulted inﬂ5,5-dimethyl—2-hydroxy-a3—

1,3,hjoxadiazoline (244) in good yield (eq. 98). The product

i

N o | \t/DH | o R | f

7N ,/ ~ 9
N NaBH 0 r.t. b -
A\ j) ————1‘9 / —_— H-E]—O-CH(CH3)2 ,
(983 N—C—CHy N-—-—-c-CH ' i
t , | 3
CHg » - CHy |

" (243) | (244) e

-
~

(244) was 1dentified by'n.m;r. but, due to its thermal insta-
oiiity} further analysis was not possible. Thermal decompo-

sitlion ocg;%s at room temperature and leads quantitatively |

to isopropyl formate (eq. 98), identified by comparisoi of

spectra with those reported in the”EEEEEQEh;g1§9eAAW

Since normal esters are inert to sodium borohydridelgo,
the reduction of (243) was unexpected. However, the fact that

ketones are reduced by sodium borohydride allows one to infer
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that (243) behaves more llke a ketone than an ester towerds

redueing agents. The ketone—like behaviour of ester carbonyls

has béen noted by other workers. Dean and Parklgl

came to
the eOncluSion,that the presence of electronegaﬁive substit-
uents on the a-carbon of an ester tends-to give the.carbonyl
group ketone-like qualities. In (243) a strongly eleotro—

negative group, the azo functiocn, is present and 1is directly

bonded to the carbonyl carbon. By analogy to Dean and Park's

‘theory, the ketone-like behaviour of (243) becomes explalnable.

To ascertain whether the ketone- like behaviour of (243) was
general, we examined several other typlcal ketone reactlons.
Treatmeht of (243) dnder conditions leading to ketal
formation (methanol and acid) did’ not result in reaction,
and (243) was recovered quantitatively. When (243) was treated
with sodium cyanide in water or methanol with traces of acid,
cyenohydrin formation did not occur. But in this case, a
violent reactlon ensued on mixing the ?eagents and the only
isolaole product was hydrazobisisobutyronitrile. How this
arises 1s unclear, but it could be due to cyanide attack on
acetone azine, a decomposition product of (243). The reason -
why cyanide ‘enhances the rate of decomposition of (243), ‘

normally” very slow at room temperature in water or methanol,

_remalns a mystery

,

A similar, violent reaction was observed when (2”3)
was treated wilth semicarbazide ‘hydrochlorlde under normal

conditions for semicarbazone formation. Instead of the
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expected semicarbazone (245) (eq. 99), acetone semicarbazone
was 1solated. Again, it appears that semicarbazide hyﬁrochor—

ide in some way enhances the rate of decompositibn of (243)

"to acetone azine or acetone, and subsequently reacts with the
A . z

product to give the semilcarbazone.

! N
c _C-
NG E | N/,NH C-NH,
./ + 'H,N-NH-C-NH !
\N—C-—CH K ‘H /<l3\
997 | 3 HC1 | .N\ 0
CHg ‘N;—-?-—CH3 ?
3 0=N-NH-C-NH,, R
HC _(245)

5 5-Dimethyl- A3-1 3,4- oxadiazolin—Z -one (243) Was
also'treated yith organometallic reagents. Treatment of (243)
" with methyl magnesium iodide, methyl 1ithfum, tébutyl lithium,
isopropyl lithium and n-propyl lithium yieided the carbonyl
eddition product }246) (eq. 100), which eould be'iéolated.
However, reaction of (243) with phenyl lithium resulted in
isolation of isopropyl benzoate, which is fhe thermal decomp-

osition product of (246, R = C H Y. All the products (246)
: 675

-*f—~~“—f-—“—wereQunstablejmend~onﬂheating—we—obtained_therappropriate_—_"m—m_;-r-

isopropyl esters. : / 7
For convenience of analysils and hand&%yg of products,

further studies®were conducted with (243) and methyl 1ithium.
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o - - OH - |
A | /-C/\ -
N 0 CHBMgI N7 N0 A f -
N/ . N/ R-C-0-CH(CHJ)
- N—C—CH; RLi N—C—CH,
[100] I ] il
: ~CH3 . . CH3
(243) o (246)
R = CHy, (CHg)sC, (CHg),CH, CHyCH,CH,

n-

Treatment of (243) with me%hyl,lithium in ether at O°é 1eat??

to the lithium‘Salt'(th):whicH could 2? isolated and stored,

or hydrolyzed directly to_2—hydroxy~2,5,5-tr1methyl—A3—i,3,#-'
oxadiazoline (248) (eq. 101). The formation of (248) was a

s
somewhat suprising result since, unlike acyclic esters and

most lactones which coﬁsume two equivalents of methyl lithium193

glving a tertiary aybohol product, (243) consumed only one

. .
0 L1t
[ N/ 3\/
AN C\‘ ‘w0t N”'\*o
__4% 37Ny
>\ ./
N——O—m{ N—-O—ﬂ% NT—C“m%
: : | |
- CH : CH CH
[101] 3. | 3 3
\ (243) (247) (2u48)
e T e E"Li+'
- | (249) HBQ—C-N= —I~CH3
, CH

equivalent of methyl lithium even-when the reagent was 1in huge

-

PN !
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excess. - This result cdn be attributed to the strong electron

withdrawing inductive effect of the azo group, which serves

to make ring Qpening of the lithium salt (247) to the azo

'carbonyi compound (249) (eq. 101) unusually-endotheimic.

The strong electron withdrawing effect of the azo funection

is imdicated by the high carbonyl frequency (1835 cm -1

(243) and of other azo carbonyl systemslu2. Substituent

)vof

constantsx(gp\; 0.35 and Up = 0.70) for the phenylazo greup _
also attest to the same. polar effect of the azo grouplgu. ‘
Nucleophilic attack on‘a cyclic ester system with

electron withdrawing a- substituents has, been reportedlgl
Here attack\occurred at the carbonyl carbon to glve an’ epox-
ide‘(eq. 102), rathef than the ring expansion groduct.' For '

the same reason mentioned in the preceding paragraph, this"

g;Eysult may be due fo the nitro group which makes ring opening

an unfavorable process.

C102]

~_mmmm—~~~N0t~necessarilyMal1~1aCtoneswaddwtwowequivalents—oﬁﬁf—Qu————

-organomptallic reagents. An unusual reaction of a carbon

analogue of (243) with organqmetallic reagents was reported

recentlylgs. The a,Bnunsatgrated-y—lactaggj(250), when reacted
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with phenylmagnesium bromide, p- tolylmagnesium bromide or
organolithiumﬁ%ompounds, was reported to give the cyclic hy-
droxy compounds (251) (eg. 143). This is a_somewhat supris-

ing result since, a,f~unsaturated lactones normally undergo

0 ‘ R OH .
| g . \C/ ’
He” N RMgBr . HCZ O
L1033 \\c c’ CH RLL \\c c/ H
—C— : —C—C
3 C6H5/ (IJH 3‘ 06H5/ e (I: 3 ,
3 i3
(250). ‘ (251)

L

'nucleophilic attack 1n a 1,4 sense at the B-carbon rather
than at the carbonyl carbon An" example of this 1,4 attack

is therréaction of.lactone (252) with thiolslgs.(eq.'lou).

- § i
HC RSH H¢ 0 H,C 0
—_—> 2
L1043 N/ - / \
HC=— C—H . R§S—C— ?—H RS—C—C—H
| - I 1
H . H H H H
(252)

It is also true, in some cases, that a- carbonyl az0

systems add. nucleophiles 1n a 1,4 sense. Acyclic a—carbonyl

. azo compounds were/ré;ortedll8 to add Grignard reagents to

.glve the B8-substituted hydrazides (eq. 105). Similarly,



R RMgX

. .CsHS—N =N- ﬁ CgHg Cq 5-N N= ? 06H5
_ 0 | _ R OMgX
[105] ' '
H O. .r' : :
> S .
o R | ‘
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.eyclic azo carbonyl compounds were reported to undergo 1,4

attack with ethyl magnésium bromide (see page'12). However,

. . _ .
with tetralone magnesium enolate, formation of a hydroxy. com-

124 (see page T3). &

pound analogous to (2&8) was reported
The hydroxy compound (2“8) (eq. 10lﬁ was too unstable
.to bé isolated analyticaily pure but its structure was readily
established from spectfa and decomposition products. ‘The n.m.r.
consisted of three éharp singlets at high field, equivalent
to three pfotons each, and a broad low field singlet, eéuiy—
alent to one prpton,‘which disappea?éd on ad@ition of D20.

The infrared contained bands at 3550 cm_l, indicating a free

0-H; at 3350 cm-l, indicating hydrogen-bonded O-H; and at .
1565 cmil(weﬁk), indicating a cis azo linkage. Thermal decomp-
osition led to isopropyl acetate quantitabively, indicating a

C-0-C skeleton (eq. 106).

N 0 CH H.,C-C-0-CH(CH,) + N
[106] \\- / 60 3 7372 2
" N~—C—CH E A
‘ 3
(248) éH3
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Since (248) is an azo compound, which also has three

hetercatoms bonded to the 2—carbon, its chemistry was expected
. ‘ . _ P
to be interesting. . ) ‘. :

B . .. As mentioned‘before,;f2ﬂ8) decomposes cleanly to glve

isopropyl acetate, an unusua esult in view dT‘the fact that

other similar systems, such as those of Hoffmannloo-log

Nagataleu, gave epoxides on heating. The reasons for this'

and

unusual mode of decomposition were examined in detail

" From several observations i1t became clear that the
process in eq. 106‘was radical in nature.‘ Decomposition of
(248) 15 such solvents as carboh,tetrachlor;ae and chloroform,
which can'participate in or interfere with fadical reactlcns,
led tc very complicated, unassigﬁable n.m.r. sbectra; whereas
decomposition in an 1lnert solvent, such as benzene, resulted -
in a cleaﬁ.n.m.r. spectrum of 1soproeyl'acetate. ‘Some freshly‘
prepared samples.of (248) decomposed spontaneously, while.
others were stable for acme time‘at room temperature. ‘Heating

of an aliquot of (2U48) in benzene to 55°¢ initiated decompo-

sition1~observable by bubbling--which could not be stopped on

cooling and (2“8) proceeded to decompose’ completely to iso-

’// propyl acetate. .Yet in the same time, the rest of the same.

sample, from which the aliquot was taken, did not decompose

T

appreciably. -6
' - 126 -~
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The radical nature of the process (eq. 106) was
'confirmed by heating a sample of (248) in the presence of

158,' The ®.s.r. spectrum

nitrosobenzene, a known spin trap
of thiggsample showed a strong‘triplet éignalbwith g = 2.00%:
and aﬁ\= 11.78 G. There was no observable signal from an
identicai solution_cﬁntéihing undecbmposed (248). The dbserved
e.s.r. siénal_isfchéfacteristic;of a_ﬁitroxide radical,wpro_
-duced from a\trapped tertiary rédical, with the only-splitting
being due to nitrogen; The.trapped tertiarj rqgical had to

be the 2—acetoxy 2-propyl radical, since only thls radical

can lead to isopropyl acetate under normal decomposition in
benzene.

It was also found that (248) could be stabilized in
benzené solution by triphenylstannane, a known radical chain
inhibitor. The réidical nature of the decomposition of (248)
was also established by aﬁalogy to'thé work of DePuylgT-on
cyclopropanocls. DePuy had reported the formation of cyclo-
propyl nitrites from cyclopropanols-and~their_subsequent*

thermal decomposition to nitroso compounds (eq. 107).
NOCl R oNO A RO
£107] ; e L — R-cI:~E:H2-c_-R
. R N

Decomﬁositidn bf nitrites to oxy radicals and nitroso radicals

- 18 well known (eg. Barton reaction), and DePuy claimed that
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nis nitrites ‘also decomposed by radical mechanisms. -
The reaction ‘of nitrosyl chloride with (248) under
DePuy's condltions was followed by o.m.r.,'where it was
possible to observe the conversion of (2U8) to the nitrite |
'(253). Heatlng to 20°C_from‘—70°c resulted in a deep blue
solution, due to formation-of'the'nitroso compound-(25ﬂ)

(eq.‘108); This nitroso compound decomposed further to an

'unidentifieble yellow oil. Just. as DePuy had postulated a

 H.c of . ONO
T AN C\ e
N N0 NooL N7 o +20 310
- A ~ K o
: . > \ / —> H,C-C=0-C-CHy
[108] N—C—CH -70°¢”  N—=C—CH . |
_ 3 i3 NO
CH . - CH
. 3 - 3 (254) .
(248) - (253)

[}

radical.decomposition for his nitrites, we also assumed a‘”
similar decomposition for our nitrite (253) and, -by.analogy,
for (248) where NO is replaced by H. |
Finally, the addition of e12—acetoxy-2—propy1‘moiety
" to olefins, when (248) was decomposed in ‘their preeence, helped
s to est?blish the radical nature of the decomposition of (248)
(eq. 109). The result obtained‘from the decomposition of (2&8)

in the presencegof 1- (pyrrolidino)-1l-cyclohexene, which norm-

ally adds dipolar specles to give bicyclic compounds due to T

assistance from nitrogen, was especlally significant. If the

fragment from (248) were a dipolar .species as opposed to a

1

. <
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3 \ / . - -‘ ‘-l: '. ) ' - | | N ’|' i . N . : . . ) t:
N/ \O . ". L . ; 2 2 '

. CgH |
N ./ ¥ R,GsCR, —h o (i‘,FCH3)? + N

[109] . N——C—CH

T Sh et Oke
N | .' CH3 ‘;V ’ . -- -
(248) - . oL (255)

i | e S

'radical specles, then the addition product should have been

the bicyclic compound (256), formed as, Shown (eq 110,_Path A).

‘However, we isolated ‘the 2 substitpted«product (257}, analo—"

A

- gous .to the products (255) from other olefins, which must

" have come from attack of a 2- acetoxy 2-propy1 radical fragment

(eq. 110 Path B) - This result indicates, therefore, that-the

.igtermediates in the. decomposition of. (248) are not polar in

nature. & L

HBQ\b/pH

N Path A
N 0

N /

N-——CII-—CH3

CH3

Path - . Lo

VAR

;3~ e = _____:::;;m—_.m

T——CH3 o

CH3
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In order to account for the unusual mode of decomp—

)

oslticn of (2“8) via a radicalc@?in reaction, as well as its

ready radical chain addition to ol f%ns, it becomes necessary

to assume the cleavage of the HFO'bond by radical_substitution

at H. Although knownlga, this is not a favoured process,

'since the H-0 bond dissociation energy of 110.6 kcal/mollgg"

is considerably higher than that of well- known substrates for
H-abstraction (eg. H-Br-= 87.5 kcal/mol H-SR = 83 kcal/mol,
H-C = 98.7 kcal/mol), and is comparable to the H- Cl bond en—
ergy‘of 103.2 kcal/m01199 HCl is known for its poor radical
chain addltion to.olefins, which arlses from the difficulty

of abstracting H from H-Cl. This is a substantially enddther—

~mic process. As stated earlier (page 96), both propagation

steps-in“a radical chain reaction must be‘exothermic or, at
worst, slightly endothermic for 1t to be efficient.

Since (248) decomposes via a radical chain procgss
involving H- abstraction, there must be extenuating circum-

stances which somehow lower the activation energy of the H-

abstraction propagation step In the case of (248) decomposing

in the presence of an olefin, the two propagation steps would
be as shown (eq. 111), if no exceptional occurrences took

. : : ‘ e
place. The enthalpy change‘'of step (1) comes to about -20

kcal/mol, 1r onie considers the loss of a carbon— arbon double

T bond and fhe“Tarﬁathn dr*two carbon—carbonrsinglefbonds~——4~——““— '

However, that of step (2) (eq. 111) comes to about +14 kcal/mol,

if'one_considers only loss of an H-0 bondzand formation of a

et
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C-H bond. It becomes obvious that a radical chain reaction
will notIOCdur, since'the relativelj staﬁle radical (258)
(eq. 111) cannot be'expected to abstract hydrogeh from the

hydfoxyl group of (248), any more so than the 2-acetoxy-2-

propyl radical can be expected tp do so when (248) decomposes

without olefins present.

(1) H

. ® ' ;
“ = a \
300020(CH3)2 +~ CH,=CHY

2 ~ s~

L ]
H..CCO,C(CH,),CH,CHY

3¢C0, 3/ 2%
(: 'ﬁ | CHY BQ\
(2) c¢020(0H3)20H2C : P “0

3
(258) ¥ \}q__cl_c}.{ SR
(1111 | , | £\<<§
o (248) CH3 ' -

[
H 0
3N/
" - N TN
H CCOZC(CH3)ECH2CH2Y o+ ‘& /

3
N-—--C--—CH3

CH3

In view of the fact thaé a radical chain reaction
does occur, there must.be concerted fqrmation of a carbonyl
group and'benitrogen;”together~with H—O(cleavage~in step (2)
(eq. 111). Then step (2) becomes as shown (eq. 112), and the
resulting enthalpy change becomes approximately -60 kcal/mol

(calculated as shown (eq. 112) from values of bond energles

8

BRI
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~

giveﬁ in referéhce 199}, -due to the energy cobtalned froﬁ form--

ation of nitfbgeh and of a carbonyl group. With thf&xggfggh\v

~ : . 0-
; | HBQ\J/O H
( CCO.C(CH, ). CH.CHY + ¥ o |
2y H3 0€ (CH3) ,CH ¢ N/ >
‘(258 . NS
(248) - CHy
, — ﬁ"
[1123' H4CCO C(CH)# CH, CH y +/ HiC-C- OC(CH ), + N=N
lost enetrgy * gained energy enthalpy change
. o _ :
H-0 = 110.6 C-H = 98.7 -503.5
_ | p :
C-0 = 85.5 . C=0 = 179.0 41,7
+ 2xC-N = 145.6 - . NEN = 225.8 ~61.8
N=N = 100.0 total = 503.5 B '
total = 441.7 , (all values inkcal/mol)
4

the case, radical chéin dedomposition ?f (248) should be a
very favourable process, and the efficlency of addition to
vlefins should be detéémined to a lérge extént by step (1)
(eq. 111).

Additional suppd}t for the concerted decomposition
of (248), as shown (eq. 113), came from éxperimenté in thbh

2,6-di-t-butyl-4-methylphenol, a known inhibitor, was added
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to. benzene solutions of (248). Inhibition did not take place,
but rather initiation and mild acceleration (about twofold)
of the conversion of (248) to isopropyl acetate occurred The

initiation was probably due to the aryloxy radicals present

ij
A 6{{ H, N
R‘ c ' :
! I\{{ / —_— (CH.) ,CO EI/CH N, + RH
- - +
[113] iqc CH, - 3°2 3 2
I
CH,
(248)

from air oxidation of thé phenol. Similarly,’di—t—butyl nitrox-
ide initiated decomposition of (248) at Poom temperature. The
observaﬁ&on that so- called stable free radicals will abstract
hydroxylic hydrogen from (2#8) is, therefore, consistent only
with 2 concerted cleavage of the H-0 and of the two C-N bonds.

Compound- (248) and other members of the famlly may be

of conslderable synthetic utility as ‘evidenced by their reac-

tion with alkenes. Normally radical addition of esters to,
alkenes occurs with bond formation primarily alpha to the acyl
carbon of the ester. 2-Hydroxy—255,5—trimethyl—A3—l,3,M-
oxadiazoline (248) provides an indirect path for adding an
ester cleanly through 1ts ether f&nction (eq. 109). Many
unsaturated sYstems have been treated with (248), and a large
number have been functionalized ‘as shown-(eq. 109). A 1ist

of unsaturated compounds which reacted with (248) to give the
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tertiary ester product (255) (eq.-109) is given: in Table I.
Sevaral otaer olefins did nof react or‘gava unidentifiabie
product’s on reaction with (faus)'. These ar."e- listed in Table
II. The compounds (255) were prepared by decomposition of
(248) in\benzene containing an excess of olefin at 50-60°C.
The yilelds ranged from 10 to 85%, and depended primarily on .
the reactivity of the oleTin use The tertiary ester.prodpcts_.
(255) were extreﬁely difficult to.purifyl andlonly‘by gas
chromatog?aphy was purlfication td analytical quality possible.

The scope of this reaction becomes obvious, should. one

consider the vast number of variations possible. Theoretlcally,.

three functionalities on (248) and four functionalitiles on
_ "

the alkene éan be altered (e 14). Thils leads to a situation

e Introduced into the product

simply by choosiﬁg apgropriate groups Hl—R7.' of course,'fbr

HO, R, - . ) R '
N L | u;‘c\-c H:as

' P N R R . R R
N 0 N, o6 5 - 7

Crzs] N\ O/ * /C"C\H > ~ AN

R ~ RS R,

N—C—R, 5 7 : 2 0\ 3
’ Ry o : COR,

various reasons, not all the theofetical combinations are
experimentally possible, but a considerable numbe; should be
ocbtainable. | -

iWhile phaysynthetic utilif& of-(ENB) in funectionali-

zing unsaturated cohpounds is of considerable importance in
- . e
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TABLE T

N-phenyl maleimide

Malelic anhydride

Acrylonitrile
Acryiic acid
Methyl acrylate

Crotonaldehyde-

Norbornene -

Nard

Benzogquinone

Dimethyl acetylenedicarboxylate

"Norbornadlene

135,

Methyl vinyl ketone
Ethyl vinyl ether

Dimethyl fumarate

t—But&l acetylene

Tetrachloroethylene -

Cyclohexene-

1—(?yrrolidino)41—cyclohexené_

TABLE

unidentiflable products

II

no reactlon

a-Methyl gtyrene

Styrene.

Ethylazodicarboxylate

Azodicarbonamide'

Norbornene-4-carboxylic acid
l-Phenyicyclopentene
Stilbene

1,4-Dihydroxy-2-butene
Benzalacetophénohe
2-Methyl-2-butene
Mesityl oxlde
1,M—Dicﬁiord—2—butene

Cyclooctadilene o

Hexachlorocyclopentadiene 5,5-Dimethy1-A341,3,H—oxadiazolin—2-one‘

Ll
Ay
4

)
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e

itself, perhaps'more important is a general prineiple reA
garding radical'pathways in.sénthesis that emerges from these n
results. This principle can-be stated in the following manner.
- If the radical c¢hain addition of a reagent X-Y to un§aturated
systems is impractical due to adverse thermochemistry of the

chain propagating abstraction step, 1t can be made ‘more fav-

' ourable and pract cal by sdevising and using a new reagent,

X-A=B-Y, which deli ers the fragments X and ¥ 1n a chain re-

action by virt

of altered themochemistry from formation of
stable co-product AEIB in the propagation step where Y 1s
added. - In the case- of (2“8), the fragments X and Y are
H3CCO C(CH3)2 and H , which are delivered by virtue of the
combined heats of formation of: nitrogen and of a carbonyl

group. Normally a reagent, such as H3CCO C(CH3)2-\, would

not deliver the above fragments, but instead would a the
fragments H20002C(CH3l2H_and H to olefinsf Another advantage
of our process is that the two fragments X and Y avre added in
two discrete operations. This eliminates any eomplieations
due to cage reactions, disproportionation or radicalncombin-
ation of X and Y to glve XY.

The list of possible fragments X'and Y 1s enormous.

Similarly, the stable co- products, other than nitrogen and

carbonyl groups, that can be envisioned include 002, 802,

co, NO2 and aromatic compounds.
Although -the decomposition of . a system similar to

(248) has been reportedluo,_the authors did not recognlze
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that tﬁe détgmposition migﬁt have been'd#e to ﬁhe_ :yﬁe
of altéred'thermochemistry that. we postﬁlated for_the decomp~-
osition of (248). 'They algo did not attempt to trap'ané-
decomposition intermediates Qith oj:efins. For a-more detaile;i

account of thils work see pages T74-=76.



E)_. SUMMARY AND IMPLICATIONS.

- The Worﬁ presented in this_theéis representg an exaﬁn
'1nat10n of some of the chemistry of semicarbazones, of thelr
LTA oxidation products, the 5,5-disubstituted-a3-1,3,4-oxa-
diazolin-2-ones (228), and of the methyl 11thium addition
product of\5,5-dimethylea3-l,3;U—okadiézolin—?-oﬁe.(2&3),
2-hydroxy- {5,5—trimethyl-A3—l,B,H—oxadiazoline (248).

We have fofmuiated a.general mechanism for the LTA
oxidations of carboﬁyl derivatives thatiaécounts for most
of the reported results, as well as our own. The mechanism
ccounts for the anomalous course of the oyidation of p- di—
methylaminobenzaldehyde by invoking an iminooxirane inter-

. mediate resulting from.Qecomposition of a first-formed imino-
oxadlazoline.

Oxidation of ketone semlcarbazones led to ayseries of
novel compounds,-the 5, B—disuggtituted—2-im1nd—A3—l,3,H—oxa—
diazolines (2275 On hydrolysis these, in turn, gave the
highly interesting and synthetically useful 5,5= disubstituted—
A3—1,3,U—oxadiazolin~2—ones (228). The reaction of (228)
‘with organometallic cbmpounds.opengd the door to a new familj
of a-hydroxy azo compouﬁds, the 2—hydroxy-2,S,S—tfisubstitufed—AB—
1,3,4- oxadiazolines Some novel and exciting chemistry of one
member of this family, the 2- hydroxy 2,5,5-trimethyl- A3-1 3,4~
oxadiazoline (248), was examined. The compound (248) was
found to be highly useful for functionalizing unsaturated

\___;5 :—.138 - :
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compounds, but more importantly the unusual radical deconp;

 osition of (248) afforded a new-principle regarding radical
pathways.

The work presented has thus revealed a new area‘of
'heterocyclic chemistry. The’ synthetic utility of oxadiazoIin—
ones (228) has only been tapped, and quite possibly they will
be,of considerable importance as. more’ of their chemistry is
revealed by future workers. Similarly, our study of the
chemistry of 2-hydroxy-2,5,5- _trimethyl-A3-1,3,4- oxadiazoline
(248) can be considered only the beginning of an exciting
avenue of research ‘The implications of making thermochemlstry
of addition to unsaturated systems more favourable, by devising
reagents that alter the thermochemlstry by decomposing to -

" stable co-products as well as radical fragments) are enormous.

-Currently in this laboratory, other worker5200 are

eramining the chemlstry of acyclic a-hydroxy azo compounds

and a-azo hydroperoxides, as well as their synthetic utility .

in functionalizing olefins.
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s . EXPERIMENTAL

.

GENERAL . . '

Dy

Infrared specﬁra were—recorded;on:Perkin—Elmer Models
521 énd 337 instruments andloq a Beckman IR-5 instrument.
The spectra were run in carbbn tetrachloride solutions in 0.1
mm sodium chloride célls, and the data are presented in recip-

rocal centimeters using a polystyrene'refefehge. Ultraviolet

3 : . ) '
spectra were obtalned on a Cgry Model 14 using quartz cells

with hexane as the solvent, and the data are given 1n nanometers.

AProton'Magnetic Resonance spectra were recorded on Varian
Agsociates Models HA-100, T-60 and AJ60'1nstruﬁéﬁts, usiﬁg
éarbon tetrachloride as the so;vgnﬁ (unless otherwlse indicated),
and the resonénces are;reported in'parts per miliion (6) from
fetramethylsilane,-the internal standard, and are tabulated as
chemical shift, ﬁultiplicity (s = singlet, d = doublet, t =
tfiple&,lq = quartet, se = septet, m = multiplet) and préton‘
1ntegration.' Electron Spin Resonance spectralweré obfained
with a J.E.O0.L. Modél JES-3BS-X instrument. Gas Chromato-
graphic analyses were done on a Varian AerographlAQO—P3 using
a 5' x 1/4", 15% SE 30 column at 150°C, flow rate 6d ml/min.
Melting points. were determined on a Thom@s—Hoove? capillary
melting point apparatus and are uncorreéted.

Elemental analyses were performed by Schwarzkopf

= 1k0 -

P
L&)

-
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Microanalytical Laboratory in Woodslde, New York and by .
Ofganio Microanalﬁses (Dr.-C. Daessle) in Montreal, Quebec.

The -chemicals used came from Aidrich, Eastman Kodak,

J.T. Baker;~Mﬁtheson or Fisher unless otherwlse indicated.
: Y o . .

PREPARATION OF SEMICARBAZONES ”x

The method used was si ilar to that. of Vogel201 The

-kétohehor ;ldehyde,(0.18 mol) was added to a solution of
semicarbazide'hydroohloride (20.0 g, 0.18 mol) and sodium

" acetate (32.0 g, 0.39 mol) in water (EOd,ml .  The mixture

'was shaken vigorously and then heated alf an hour on a
steam bath. Subsequeﬁt stirring overnight at room temperature,
cooling to 0%9C-and filtering resulted in the crude semicarba-
zone. Purification was achieved by recrystallization from
ethancl, ethanoi’habﬁr or water. Identification was aﬁoomp-
lished by compariSOn of melting pdints, infrared spectra

4 202,203
and p.m.r. spectra to those reported in the literature 2

208 qpe semicarbazones which were prepared are tabulated

below.
1it. . .
semlcarbazone of . m.p.(°C) m.p.{(°%C) yield(%)
acetone . 188 190-91°%% g9
cyclohexanone : - 164-65 167295 70
cyclopentanone | 207-08 206203 55
dilsopropyl ketone 161 160295 60
mesityl oxide. . 162-64 164205 71
1sépropyl methyl ketone 11n, 0 113295 52°
: I S (j




| n-propyl methyl ketong¢ &
benzyl methyl ketone

norboren-7-one .

p-dimethylaminocacetophencone -

,isobuﬁyraldéhyde

furfural |
ééchlbrobenzaldehyde
cinnamaldehyde
p—dimethylaminOBénzaldehyde
.p-methoxybenéaldehyde
o-methoxybenzaldehyde

levulinic acid

LEAD TETRAACETATE '

The method used was similar to that of Fieser

- . ) B . - .
Acetic acid (600 ml) and acetic anhydride (400 ml) were com-

107-08

©196-97
197-98

210
126

201

225

213,

214-216
210
215

187-89

l06202

299205

126292
203295

225205

211-1229°

216292 .
210206

215205

188-89207

60

67.

70
69

60
79
82
63-

89
?l
76
80

208

142

bined in a 3-litre, 3-necked round bottom flask and heated

to 55-80°C. While the mixture was stirred vigorously with

a mechanical stirrer, lead tetraoxlide (red lead) (700 '.g)

'wés-added in 20 g lots.

the orange colour from the previous addition had disappeared.:

The temperature of the reacfibn s maintalned at 55-80%¢ at

Fresh additions were made onli after’®

all times. After complete addition of the lead tetraoxide,

‘the brown mixture was cooled to room temperature and the pro-’
: . a :
duct was filtered, washed with cold acetlc acid and recryst-

allized from hot (not boiling) acetic acid. The yleld was 80%.

.-
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PREPARATION OF §,5-DISUBSTITUTED-A3-1,3;4-0XADIAZOLIN-R-ONES (228)
— » . . - . . ] ]
To the sem rbazone (0.03 mol) in well-stirred, lce-

coole%:mg?hyiene:ghio?ide (300 ml), with nitrogen bubbling_ o
through, was added lead tetraacetatef(30.0 g, O.bT ol). f
 After '30 min;fice-wéfer (300'mi) was added foilowg by-2.£;M'
(hydfpchloric acid (20 ml). The mixture, sfilliin the 4dce
.- _bath, was stirred for an additional 20 min. Afﬁér a heavy
brown sludge was removed by filtering the entire-mixture'through
a bed ﬁf Cgiite, the orgaﬁic layer Qas separated, washed twilce-
with 1cg water (éOO ml}), and dried BLer ﬁagnesiém‘sulfate;
;rRémoval of the‘éolvent witﬁ a rotary evaporator at-rodm temp-
erature left the crude prod&ct edther an oll or a solid.
The solld prbducéswerg purified by sublim&tidn at room temp-

2 Torr. The oils were purified by bulb to bulb

erature and 10~
distillation with a pot-temperature of 40°C at 1072, Torr and *
the ‘recelver in liquid nitrogeq. Crude ylelds were of the.
ordér of 55-65% and the yields of purified products were about
- 40%. The oxadidzolinones which werelprepared.aﬁé listed below,

together with melting points or refractive indices, i.r., u.v.,

#7nd p.m.r. data, as well as analyses.

[?

555-dimethyl—A3—l,3,4—oxadiazolin—2~one: m.p. 36-37°C; Umax.

1835,.1539 ém_l;'ir 216, 365, 373, 381 nm (e 3495, 321, 372,

max

241); § 1.85 (s). .

. .
cyclohexanespiro~5'(a3 —1',3’,&'-oxadiazolin—2'~oneg; m.p. 59-

60°C; v_ 1826, l?ﬂo‘cm_l; Amay 2155 362, 375 nm (e 3501, 286,

320); & 1.85 (m). ) .(EtOH) 227,.368 nm (e 3521, 255).

max

-
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{
?
|
!
'
!
. S 4
. _ , o o i
o Anal. Calecd. for 07H10N202 C, 54.54, H, 6.54, N, - %
' 18.17. Found: C, 54.71, H, 6.64, N, 18.18. !

'cybIOpentaneépiro—S‘(A3'—1!;3',9';oxadiézbliﬂL2‘—one): ﬁ%S R i
1.4754; v 1840, 1538 om 3 X, 223, 360, 364, 377 nm. (e

- max

3608 287, 318, 369, 2u6), § 2.10 (m)

Anal. Caled. for CgHgN,0,: C, 51.k2, H, 5.75, N, S 3
19.99. Found: C, 51.61, H, 5.84, N, 20.19.

 5_tsopropyl-5-methyl-A3-1,3,4-oxadiazolin-2-one: n2> 1.4345; -’
, -meth : D |

-1, , 57
Voo, 1836, 15k2 em 75 A0 219, 3§9,‘376, 382 nm (e 3128, 275,
303, 190); & 0.99 (d, 3), 1.12 (d, 3), 1.64 (s, 3), 2.34 (m, 1).

Anal.‘Calcd. for 06H10N202 c, 50.69, H,.7.09,
19.71. Found ¢, 50.71, H, 7.04, N, 19.86.

" 5-methyl-5- n-propyl A3—l 3, 4~ oxadiazolin—2 -one: nSE 1.4327;

Yooy 1835, 15uu em™t; A__ 216, 367, 374, 381 nm (e 2940, 247, | .'-5
276 167), § 1.08 (m, 5); 1.73 (s, 3), 2.20 (m, 2).

Anal. Calcd. for CgHiN,0,:" €, 50.69, H, 7.09, N,
19.71. Found: C, 50.72, H, 6.83; ¥, 19.31w

5—benzyl~5‘-methyl-ﬂ3¥1,3,ll-oxadiazoii.n—2-pne: rr{p 49-59°C; _ -
- _l’. ' . . N
Vo oax 1831, 1539 cm 5 Anax 206, 210, 365, 373, 379 nm (e 9489, | -
. 9050, 241, 252, 176); & 1.66 (s, 3), 3.32 (s, 2), 7.51 (m, 5).: -
Anal. Caled. for ClOH10N202 c, 63.15, H, 5.30, N, |
14.73. Found: ¢, 63.27, H, 5.35, N, 14.97. i
. TNy -
5,5-diisopropyl-A3-1,3,4-oxadiazolin-2-one: Vpay 1840, 1705,

1545 em™t; 8 0.92 (a), 1.04 (4) (total integration 1s 12),

2.70 (m, 2). Sample could not be purified to obtaln other
data. = %
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3' u‘-oxadiaz-

olin-2'-one): v__. 1835 cm 1; § 1.50 (67’;) 2,20 (m, 2),

max

2.76 (m, 2), 6.32 (t, 2). : Q‘

bioyclo~[2 2, 1]hept 2-ene-7- spiro~5 (A

r

PREPARATION OF 5,5-DISUBSTITUTED-2-IMINO-A3-1,3, 4-0XADIAZOL-

INES (227) ) » .

| “The ketone semioarbazone.(0.03'ﬁol) wasiadoed to dce-
cooled methylene chloride (300 ml), with nitrogen bubbling.
through. Anhydrous potassium carbonate (%9 g) was added and
the mi;ﬁure was stirred~vigorously.‘ Then, leg ?getraacetate

(30.0 g, 0.07 mol) was added and the ice-coole miiture was

stirred for a further 30 min, affer which time a solution of

.»50% aqueous potassium caroonate (200 ml) was added. After a

heavy brown sludge was removed by vacuum filtration of the

' hrough a bed oq Celite, the organlic layer was
s washed twice with' ioe cold potassium carbonate -

soiut (200 ml), and dried over magnesium sulfate " Removal -
A of the solvent with a rotary evaporator at room temperature'
left the cru@e product as a clear colourless oil. On'stending‘
at 0°C for a short while, this oil solidified to a white
crystalline sodid in all cases. Purification was'achieved by
-

sublimation at Fobm‘temperature aod'lo Torr. The imlno-

" oxadiazolines prepared, toéether with spectroscopic data are.

listed below. An analysis was obtained only in the dimethyl case..
| S <™ .
5-15opropyl—Sﬁmethyl—2—imino-A3—1,3,Hfoxad1azoline: “max 3415,

-
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3395, 1700, 1555 cm .3 & 1.10 (4, 6), 1.88 (s, 3), 2.50 (m, 1,

5.99 (broad s, 1)

-

5 -benzyl- 5 methyl 2-imino- A3—l 3,4~oxadidgoline: Vinax 3310,

SO 1702, 1530 cm -1 8 1.45 (s, 3), 3 10 (s, 2), 7. 03 (m, 5),

T:Bd (broad d, 1).

. t ) '
cyclohexanespiro-5‘(2'éim1no-A3 -1',3", 4 oxadiazoline): v

- - . i max . )
3345, 1705, 1540 cm_l;‘ﬁ 1.88 (m, 10}, 7.95 (broad s, 1). V?
© 5,5-dimethyl-2-imino-A3-1,3,4-oxadtazoline: m.p. 56-5%°C
‘ : i ‘ _

. 3340, 1705, 1530 cm™Y; 6 1.60 (s, 6), 7.70 (broad s, 1).

Anal. Caled. for C,H;N30: C, 42.47, B, 6.19, N, 3716,
Found: C, 42.30, H, 6.27; N, 36.98, | ' o

.  CONVERSION OF IMINOOXADIAZOLINES TO OXADIAZOLIN 2= ONES

The iminooxadiazolines (0. 02 mol) were dissolved in
methylenelchloride (50 ml) and‘2.h M HC1-(10 ml), was.gdded.
(//\ﬁgs mixture was stirred vigorously for 20 min; the organid“
Eh, layer was separated dried over magnesium sulfate and removed

on a'rotary evaporator at room temperature. _The residual oils

erystallized .on cooling, and the sollds we ldentified as

the oxadiazolin-2-ones. S ZiL‘

PREPARATION OF 5,5'-DISUBSTITUTED-AZO-1,3,4-0OXADIAZOLES (29)

The aldehyde semicarbazone-(0.03 mol) owas suspended
in lce-cooled methylene chloride'(3qorml) with nitrogen bub-
bling through. With vigorous stirring, lead tetraacetate
(15 g, 0.035 mol) was added and the mixture was stirred for.

40 min, after which time more lead tetraacetate (30 g, 0.07 mol)

-
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‘ Qas added. The resulting heavy brown sludge was femoved by
S vacuumafiltration through a bed bf'Celite, and the organic
"‘layer, whilch was 'intensely coléured, was separated, washed
&Lﬁith water (200 ml) and dried over magnesium sulfate. Removf
Cal of the solvent on the rotary evaﬁbrator yielded a_highly
coloured solid. TheAprodqus were found to be gxfremely in-cl

s soluble. in common solvents, and spectra were difficult to

4

obtain. One product was ' analyzed and the others

were ldentifled by analogy. The compounds which were prepared
- G R . 4
- are 1listed below,.

\ ' .

5,5'-di-o-chlorophenyl: m.p. 235-3700; Umax(CHCl3) 1595, -1510
-1 ' ’

m

c ; 8§ 6.48 (m, 6), 7.09 (m, 2), (golvEnt was hexachlorobuta-
diene); colour, green-yellow. M.W.(Rast) 396.
Anal, Calqd. for-ClsHGCl2N602: C, 49.61, H, 2.07,
N, 21.71, C1, 18.35. Found: C, 48.94, H, 2.11, N, 20.75,

€1, 19.34.

5,5'-diisopropyl: m.p. 130-31°C; colour, yellow,

5,5'-difurfuryl: m.p. 258-60°C; colour, deep red.

5,5'-di-o-methoxyphenyl: m.p. 2?0-71°c, colour, orange-reﬁ;_

i | 5,5'-dicinnamyl: m.p. 231-33°C; colour, bPICk—red. Secondi

¥

9 _ product: m.p. 2“&-“5°C; colour, wine.

e

5,5'~-DISUBSTITUTED-AZO-1,3,4~0XADIAZOLES FROM 2-AMINO-5-
] !
SUBSTITUTED-1,3,4-0XADIAZOLES -

Lt

LM . ' o}
The 5-substituted-2-amino-1,3,4-oxadiazoles were

prepared as describeﬁ by Gibaonls. These (0.006 mol) were ~

Y




_was cohflnued for 2 hr and then more lead tetraacepéte
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dissolved in methylene chloride (100 ml) at 0°C and under
nitrogen. Then, lead tetraacetate (15 g, 0.035 mol) was <?

added with vigorous stirring.. After 20 min, water (100 ml)

- was added ang the formed heavy brown sludge was removed by

vacuum filtration through a bed of- Celite The organic layer, .

- which was highly coloured was separated, washed with an

equal,amonnt of water and dried over magnesium suifate; the
u .

solvent was removed with a rotary evaporator. - The result

~was highly coloured solids,"identified as the azo-1,3,4- oxa-

"

diazoles by comparison with previqusly prepared samples. The

compounds sO prepared were:* the 5, 5)4_ ~o~chlorophenyl- and
the 5,5'-dicinnamyl-azo-1,3,4-0oxadiazoles. The cinnamyl

N . 3
derivative was the brick~red, rather than the wine-coloured,

solid.

OXIDATION OF p-DIMETHYLAMINOBENZALDEHYDE SEMICARBAZONE

. pibimethylaminobenzaldeh&de semlcarbazone (5:0 £,
0.024 mol) was suspended in methylene chloride (300: ml) at
0°C and under nitrogen. The mixture was stirred vigqrously
and lead tetraacetate (10.0°'g, 0.023 mol) was added. ig%iring
12.0 g,
0.027 mol) was added. After'another 2 hr, water (500 ml) was
added, the mixture was stirred for 10 min and filtered thrpugh
a bed of belite. The_orgaﬁic laggf, gﬁ?ch was brown-green in

colour, was separated and driled over méghesium sulfate; the

solvent was removed on the rotary evaporator. The result was



. s _ ' . 149

a green-brown solld which was recryStallized from'ephanol and

2

then sublimed (100°C, 10~ ° Torr) to.yield pure p-dimethylam-

inobenzoyl cyariide (230) as a green-yellow solid (3.0 g, 71%):
178 2280, 1718, 1640, 1590'cm_1;

m.p. 170—71°C;(1it 170°C); v

max
\ § 3.15 (s, 6), 7.30 (q, N):\\The product (230) was further

identifled by alkaline hydroljsis to p-dimethylaminobenzoic

acid: m.p. 240=42°c (11p179 m.p.. 242.5-243.5°C)5 v . 3300-2500,

1

1680, 1610, 1530 em™t; & 3.13 (s, 6), 7.39 (q, ¥). The resid-

ual solutlon from. the hydrolysis gave a strong Prussian blue

test for_cyanide ion. . -

OXIDATION OF p-ﬁIMETHYLAMINOACETOPHENONE SEMICARBAZONE

' p—Dimethylamiﬁoacetophenone semicafbazdne was oxidized
under identlcal conditions used for'p—dimethylaminobenzaldef'
-hyde semicarbazone, and the result was ﬁ-aimethylaminoaceto—
phenone (15%) and‘boly@er. The p«dimethylaminoacetophenone‘

was ldentified by comparison t n awthentlic.sample.

REACTIONS OF 5,5-DIMETHYL-A~1,3,4-0XADIAZOLIN-2-ONE (243)

A) PREPARATION OF ESTERS AND ETHERS FROM THERMAL DECOMPQSITION

1) 5,5-Dimethyl-a3-1,3,4-oxadiazolin-2-one (243) (1.0 g,
g&OO9 mol) was dissolved in glaciai acetic acid (10 mi), and
the solution was Héated in a sealed‘tube-at 100°C for 1 hr, .-
Then, the solution was poured into water (50 ml) and ethyl
ether (100 ml) was add;d. The‘mixture was sﬁaken vigoroﬁély;

the ether layer separated, washed three times with ice water
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(100.m1)3and dried over magnesium éulfatef Removal of the
ebhgr on a rotary_evaborator at room temperature .yielded ar

o1l (20% ), whlch was identified as isopropyl acetate by cofup-

'ayison of spectra with those reported in the‘literﬂturezag;
‘ ' | - o W
2) Procedure 1) was repeated, substituting m-cresol

) . v
for acetic acld. The excess m-cresol was removed by extract

of the ether solutilon ﬁith 54 sodium hydroxide solution. The

i . :
product, m-tolyl isopropyl ether, was obtained in 11% yield
and was identified by comparison of spectra to ﬁhose reportad .

_in the 1iterature2lo.

3) Procedure 2) was repeated, substituting phenol
for m-cresol. dfii/fésult was phenyl'isopropyl ether (10%), .

P , . -
identifled by dJdomparlson of spectra with those in the liter-

ature21l . . .o

4) Cyclopenténespiro-S'(AB'-l',3',“‘-oxadiazo£1n-2'-
one) (1.09-5{ 0.008 mol) was dissolved in exqess‘gléciaﬁ acetic
. acid and heated at iOO°C in a Sealed.tube for SNhr.- The ﬁiﬁﬁ
ture wgs poured into water (50 ml) and ethﬁl ether (1o ml)

‘ _was added. The mixture was shaken vigorously, the ether sep-
arated, dried over magnesium sulfate and removed on a rotary
evaborator. The result was a yellow oil (0.025 g, 25%), which
was ldentified as cyclopenéyl acetate by comgarison of prop-

ertdes to reported values 2,

B) REDUCTION WITH SODIUM BOROHYDRIDE

]

To a solution of 5,5—d1methyl-¢3-l,3,h-oxadiazolyh—2~
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one (243) (1.0 g, 0.009 mol) in 10% methanol-water (25 ml),
sbdium borphydride wé§ édded slowly until the;vigoroué reac-
tion, observable by frothing, ceased. The methanol was re-
moved on the rotary evapordtor and the residual water solution
was extracted‘w}th-ethyl‘ether. The ether was dried and re-
moved oﬁ the rotérydevaporator ht-room temperéture-to‘give
the'pfoduct as Q? oil (0.78 g, 76%): §°1.50 (s, 35, 1.56 (s, 3),
© 5.550 (broad s, 1}, 6.75 (s, 1l). The compougg 5,5-dimethyl~2-
hydroxy- 63—1 3,4-o0xafiazoline (2”&), was unstable and decomp-
- osed in the_p.m.r. robe at 35 C to give 1sopropyl fqrmate as
:_the“ohly detectable product: § 1.19 (4, 6), 3.98 (se, 1), 5.32

(s, l), which was i entified by comparlsgp’of spectra Wlth those

reported in the llterature189 o (

'-'-—-./‘){

[ -

C) ATTEMPTED KETAL FORMATION //
1.

Oxadiajéiin )

0 g, 0.009 mol) was stirred at

\anolic HCl for 2 hr. Addition
of the methanol on the rotary evaporator, followed'ﬁy ether \
only startin

eiia1'(243) in quantitative yield.

D) ATTEMPTED CYANOHYDRIN FORMATION

Oxadiazolinone (243) (1.0 g, 0.009 mol) was added to
water or methanol (20 ml).aqd sddiﬁm cyanide was added with
- stirring. The result was a vigorous reaétion with frothing,

" and addition of sodium cyanide was-stopped when frothing no f

A T Y
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'1onger occurred on addition. The'solution was extracted with
ether and the ether was dried and removed on the rotary evap-
-orator to giveia yellow‘oil. Crystallization from ethyl
acetate—petroleum ether gave white crystals: m.p. 9l°C, Y

3275, 2230 cm -1, § 1.50 (s, 12), 3.83 (broad s, 2). This

max

product was 1dentified as bishydrazoisobutyronitrile from
microanalysis and comparison of spectra with those in the
213"

literature The mother ligquors contalned a second liquid

. product,‘which was.not 1dentified.

E) ATTEMPTED SEMICARBAZONE FORMATION -

Oxadiazolinone (243) (1.0 g, 0.009 mol) was reacted
under the conditions for semlicarbazone formation described
earlier (page 141). The result was a quantitative yield of

acetone semicarbazone. : o o - , awl.

F) PREPARATION OF > HYDROXY—2,5 ,5-TRIMETHYL-A=1,3, 4—OXADIAZ-

OLINE (248) .

Compound (248) was prepared by two methods.

1) To excess methyl magnesium iodide in ice-cooled ' "
anhydrous ether was added with stirring, 5 5-dimethyl- A3 l
3,4- oxadiazolin-E one (243) (2. O\g, 0.018 mol) dissolved in
1ce cold anhydrous ether. After 10 min, an ice cold 20%
solution of ammonium sulfate (50 ml) was added slowly, followed
;by ice cold 3 M sulfuric acild until the soclution was neuéral

to litmus. The ether layer was separated, dried and xemoved
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on the rotary evaporator. The result was an o011 (60%), which
was identified as the title compound by D. m.T., a(benzene)
1.41 (s, 3), 1. 57 (s, 3), 1.80 (s, 3), %4. 83 (broad s, 1), .

(benzene) 3580 3400(broad), 1565, cm ?;land through its

*)

further reactionsS The product (248) was unstable and decomp-
osed to isop:jfyijacetate, identified by comparison of Spectra
with those 1 the.literature209. COmpound (2&8)‘cou1d be
.stebiiized in ether by the addition of two drops of triphenyl
stannane. |
©2) To‘an jce-cooled solution of 5,5—dimethyifa3—l,3,

4-oxadiazolin-2-one ‘(2143) (2.0 g, 0.018 mol) in anhydrous
ether (30 mi) was added, gradually and with stirring, a sol-
ution of methyl lithium (10 ml, ca. 1.9 M) in ether until they
solution in the flask just turned yellow. 'The addition:can

performed like a titration using that colour change as the
end point. Stilrring was continued for 10 min more at 0°C
before ice-cold ammonium'sulfate solution (SQ ml, 20%)-was
added slowly. Cold sulfuric aeid (3 M) was then added until
the aqueous layer was Just acidic to litmus. ‘Separation of
the ether 1ayer, extraction of the residual aqueous layer
twice with ether, drying the combined ether extracts over
magnesium sulfate, filtration, addition of two drops of tri-
phenylstannane, and. evaporation of the ether with a rotary -
evaporator at room temperature, until the flask became defrosted
and had regained room temperature left (248) as an oil (80%,

based on (243), The spectra and properties -were identlical to

Lk e et
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those giVenDin procedure 1) above. The p.m.r;'spectrum of
the same sample, lef't for 96 hr at room. temperature, showed

o

that 53% of the original (248) was still present due to the

effect of the triphenylstannane.

G) ADDITION OF ORGANOLITHIUM CQMPOUNDS OTHER THAN CH.Li
- .

iQxadiaeolinone (243) wasutreated with t-butyl 1ithium,
isopropyl lithium, n-propyl lithium an@ phenyl lithium pnder
‘identical conditions to those used for methyl lithium. In
-tﬁe phenyl lithium case, the only iselable product/wes iso-
prepyllpenzoage,‘1dent1fied by comparison of spectra witp -

210 yien the other three lithium

" those in the literature
compounds, no products uere'iéblatedAbut‘in each case the
appropriately 2-substituted 5,S—dimethyl—2—hydroxy—a3—l,3,H—‘
oxadiazoline wag indicated by p;m.r. § (OH) 4.80 (broad's)

Decomposition to an unidentified compound ~  Was observed

1nfal;_cases on standing at room temperature.'

1]

REACTIONS OF 2—HYDROXY—2,5,5-TRIMETHYL-A3-1,B,H;bXADIAZOLINE
(248) ' '

A) EFFECTS OF 2,6—DI—t~BUTYL—“—METHYLPHENOL AND OF DI-t-BUTYL-

- NITROXIDE

A.solution of (248) in benzene, prepared as described
above but‘withouf added triphenylstannane, wes:peparated into
. equal portions. One portion was made 0.01 M in the phenol,

and aliquots of both portions were scanned by p.m.r. The-;

r . v
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fnitial rate of loss of (248) from the phenol-cbntaiﬂihg-

porﬁ}on'was about.twiéé that of thelphenol—free portion. ! . \
To a solu£ion of (248) in Senzene, from which gas ‘

was evoiving‘slowly at foom temperaturé,‘was-added‘a small

amount (to make‘qa. 0;01 M soiuti&n) of di-t-butylnltroxide.

An immediate substantial Increase in the rate of bﬁbbling

v

résulted.

B) SPIN TRAPPING BY NITROSOBENZENE

To a saturateé solution of nitrosobenzene in benzene
(0.5 m1) was addéd (248) (20 mg).F The e.s.r;‘spectr%m of
the resulting solutién was obtained, usi;é a.Mn+2 marker. A
A strbhg, triplet sigﬁai was recorded, with_gl= 2.007Iaﬁd ay =
.11.78 G. A.portlion of the nitrosobenzene solution without

added (248) did notiﬁ?oduce an e.s.r. signal at the same

‘instrument Settings. \H’////“

C) TREATMENT WITH NITROSYL CHLORIDE

R The progedure used was similaf'po that o?'DePuyi97.
To anhydrous ether (25 ml) cooled to -78°C was added (248)
(2.0 g, 0.015 mol) and an equivalent of pyridine. Nitrosyl
chloride, condensed in a drj ice condenser; was dfopped_;n
wlth vigorous stirring until the solufioh was just turning
brown. The chess.nitrosyl chloride was removed under vacuum

. ) I : ‘
at -78°C and the slightly green solution was analyzed by p.m.r.,

after concentration by.removal of somé of the ether. The
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green solution was found to consist of the nitrite (253):
6§ 1.50, 1.56 (two s, 6), 1. TH (s, 3) 'Warming to -20°C gave
a deep blue solution due to the nitroso compound (25&) 8
1.36, (s, 6), 2.20 (s, 3). Warming to room temperature

‘resulted in an unidentifiable yellow decompositiop product
. . . . o

of ﬁ?e nitroso- compound  (254). ' o Eg

D) THERMAL DECOMPOSITION

Oxadiaioline-(248) was dissolved in benzene and heated
to 55°C; Bubbling started immediately and subsided within an
hour. Analysis by p.m.r. sﬁowed thaf (248) hed decomposed
quantitatively po lsopropyl acetate, identified'by comparison

of spectra with those in the literaturegog.

E) TRAPPING WITH UNSATURATED - COMPOUNDS

A-solution of (248) (2.0 g, 0.015 mel) in benzene

(30 ml), cooled Wifh ice, was stirred vigorously with a mag-—
netle stirrer. A twofdld excess of'thelunsatUPated compoﬁndJ
was added‘all'et ;EEZ?:ggc6hdenser and a drylng tube Werel
fitted to the flask, and the reaction mixture was heated to
50-60°C, with constant stirring, until the p.m.r. spectrum
of an aliquot showed that all of (248) yas ‘consumed (ahout_
h.hr). The benzene and as much excess unsaturated compound
.as possible were removed by dilstillation leaving the crude

tertiary ester product (255) (from 10% for cyciohexene to

85% for crotonaldehyde) as an oil. Analytically pure
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materials were obtained by'g l“p . The unsaturated compounds
with which the decomposition product of (2&8) was successfully
trapped are lié#éd below, together with the tertiary ester

~
product formed and its spectral and analytical data.

L

dimethyl acetylenedlcarboxylate: mixture. of cié)and f£rans
methyl b acetoxy 3—carbomethoxy H—methylpent 2 -enoate; § 1.65
(s), 1.76 (s), 1.91 (s), 1.99 (s), 3.80 (m), 5.88 (s), 6.46 (s).

. ‘Anal. Calcd..for CllHi606: ‘c,‘su.lo, H, 6.56. Found:
C, 54.29, H, 6.72.- . T

~

acrylonitrile: H:;Qetoxy-H—methylvaléronitrile; Vnax 2250,
1

1740, 1390, 1365, 1255 cm™~; § 1.55 (s, 6, 2.02:(s, 3), 2.36

(m, 4Y).
Analﬁ Calecd. for CBH C 61 93, H(ﬂﬂh38 N, 9. 03

) 13
Found: C, 60 92, H, 8.35, N, 8. 36
crotonaldehyde: H-acetoxy-3,H-dimethy1 pentanalj v __ 2725,

1735, 1375, 1362, 1255 om Y3 6 0.95 (4, 3), 1.38 (s, 3), 1.46
(s, 3), 1.92 fes03), 1.99-2.75 (m, 3), 9.66 (t, 1)

-Anpd. Called. for C gH1c03: C, 62.79, H, 9.30. Found:

‘¢, 61.92, H, 9.f32.
methyl vinyl ketone: S5-acetoxy-5-methyl hexan—2 -one; v 1720,

1735, 1383, 1365, 1250 om Y3 6§ 1.43 (s, 6), 1.98 (s, 3), .2.18
(s, 3), 1.80-2.68 (m, 4). '

Anal. Calcd. for 09H1603: c; 62.?9;_H, 9.30. Found:

c, 62. 96 H, 9.29. .

ﬁmethyl acrylate: methyl 2-acetoxy-2-methyl pentanocate;
1730, 1380, 1360, 1245 cm™t
2.42 (m, 4), 3.61 (s, 3).

m
; $§1.38 (5, 6), 1.88 (s, 3), 1.90-




: ’“5> 3 —’f) . _ -
| Anal., Caled. for CQHLS C, 57.45, H, 8.51. Found:
C, 57.17, H, 8.40. | -
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: ethyl vinyl ethér ethyl 3- acetoxy 3—methy1butyl ether, Y
' -1

ax
5 6 1.17, (£, 3), 1. 47 (s, 6), 1.94

(s, 3), 2.02 (t, 2), 3.22-3.63 (m, 4.

1735, 1380, 1369, 1255 cm

, _‘Apal‘ Calced. for CQHIBO3

C, 61.89, H, 10.54.

c, 62.06, H, 10.34. Found:

L

dimethyl fuﬁaréte: meﬁhyl M-aceﬁo%y73-carbomethoxy—Hlmethyl
pentanoate; Voax 1740, 1390, 1369, 1240 em™Y; 5 1. 54 (s, 6),
1.98 (s, 3), 2.28-3.18 (m, 3), 3.68 (s, 3), 3.74 (s, 3).-
Anal. Caled. for C11H1806: C, 53.66, H, 7.%2. Found:
C, 53.45, H, 7.43.
norbornene:‘é—acetoxy—2(2'—norbornyl) propane; Vhax l%3b,
1388, 1369, 1258 em™t; § 1.48 (s, '6), 2.00 (s, 3); 1.00-
2:35 (m, 11). | ' -

Anal. Calcd. for 012H2002 C, 73.47, H, 10.20. Found:

C, 73.58, H, 10.&1 , 53 s

t—but}l-acetylene 2- acetoxy -2 5 5 trimethyl hex- 3 ene, v
-1,

. max \
1738, 1380, 1360, 1248 em™ ;.8 1. 01 4(s, 9), 1.47 (s, 6), CoN

. . o Y
1.90 (S, 3), 5-514 (5: 2)' . . :

&

tetrachlorcethylene: 3-écetoxy—3—meth§l—1,1,2;2—tétrachloro

butane; v .. 1750, 1661, 1385, 1367, 1240 em™; § 1.72 (s, 6),
- 1.97 (s, 1), 2.05°(8, 3). _
1-(pyrrolidino)-1- cyclohekene: 1- pyrﬁ?&idino-2 (2'-acetoxy-2'-

. Propyl) -cyclohexane; v__ 1745, 1640, 1575, 1380,,§355 1245
y : .

em "3 6 1.54 (s, 6), 1.40-2.00 (m, 13), 2.08 (s, 3)!
= (m: 5). A '.

2.80-3.30
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= hehwfrnaleimide 3(2'-aoetoxy—2'—propyl) N phenyl succin—

.imide; v 1725, 1398 1365, 12u8 em™l; 5 1.58 (s, 3), 1.72
(s, 3), 2.02 (s, 3), 2.76-2.92 (m, 2), 3. 56-3.80 (m, 1),

7.04-7.60 (m, 5Y. ' |
\maleic anhydride: 3(2‘-abet0xy—2‘—prop;1) succlhic #nﬁydriﬁé}

51,75 (s, 6), 2"11 (s, 3), 3.10 (d, 2), 3.78 (t, 1).

o benzoquinone 2(2‘—acetoxy 2'-propy1) hydroquinone, § 1.50

(s, 3, 1- 6” (s, 3), 2.00 (s, 3), 5. 38 (broad s, 2), T. 25 (s, 3)

norbornadiene 3(2'-aCetoxy 2'-propy1) tricyclo[Z 2,1, O2 6]hep—.

\ " tane; v 17&07P1330, 1365, 1252 em *; § 1.46, 1. 50. (two s, 6),

1.94 (s, 3), 1.04-3. OQ'Cm, 3%:

acrylic acid 4 acetoxy—ﬂ mefhxl/pénﬁanoic acld; v ', 3&00- :
”2”00 17“0 1720 1390, 1370, 1250 c% 1, § 1.50- (s, 6) 2.00

: , ¢
1 ' (s, 3), 2.10- -2 85 (m, 4), 10. 13 (Q/éad S, 1)r

\
cyclohexene: gave three products of which only two were ident-

| : -1
ified;\&l\?Tgyclohexenyl; vmai-3025’ 2940, 2865, 2845, 1650 cm 73

o TS 1.10-2.30/?;?\Tu\, 5.48-5.88 (m, 4)..

_ Ai:i/inifd for 012 18" 88 88, u, 11.12. Found:
c, 83, 71, 13.28 | : . :

2) 2- acetoxy-2-cyclohexyl propane, ”max 1722, 1379, 1360, 1257
em™ 1 5 1. 10 (s, 6), 1.99 (s, 3), 1.06-2.18 (m, 11). o

, Anal Calcd. for- c11 200" ;c, 71.7uf'g, 10.87. Found:
¢ 71 16, H, 11. 58, - E ,

a—methyl styrene did not gilve the expected 2- acetoxy—2-methy1-

ﬂ-phenyl pentade but rather an unidentified white solid recrys-

tallized.from acetone: m.p. 141-420C; 1735, 1380, 360,

: AR e Ymax

=



. e it o e = -
: .

.
)

\.

1250 em™©; & 0.81 (s, 3), 1.42 (s,.6), 1.
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-4

! 2 (s, 3), 2.28-2.94

11}

(m, 2), 6.76-7.20 (m, 5). 7 |
ethyl azodicarboxylate: gave only(ﬁéggreduction product, ethy
B m ' ! .-

hydrazodicarboxylate L - k;} . A -
others: the following alkenes reacted with 248) out no idént-

4fiable products were isolable; azodicarhonamidg,.l,M-dihydroxya

2- butene, bénzalacétophenone, 2—methy142;butene; mesitylﬁindei}‘
styrene, 5, Srdimethyl A3-1 3,4~ oxadiazolin—2 ~one, hexachloro-
cyclopentadiene, cyclooctadiene and 1;4- dichloré é\gutene

The following three alkéhes did not readt with- (2“8), 'stilbene,

norbornene I carboxylic acid and 1- phenylcyclopentene
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