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ABSTRACT

A sfudy of the rates of rearrangement.of 2,3-dfary1 and 2;3,3-

',ﬁtniaryloxaziridines fontheFCOrreSponding amides has been made.

From the effects of soTyent and from the behavior of a seniesnOf o
substituted compounds; it can be conC]dded that'rearrangenent;in-
volves heterolytic N-0 bond fission With.synchnonoue migration of |
a group from the canbonvto the nitnogen. Aryl migration in the.2,35 3
diary]oxazdridines involves a,sfgnificant amodnt of charge separa—de g
tion whi]e hydrogen Migration in’the diaryl system énd’ary] migraf

“tion 1n the trlaryl system 1nvo]ve cons1derab]y 1ess charge The

~high entha1p1es for pheny] m1grat1on (AH 24 kca]/mo]e AS = -3- 1/2‘.
ve.u.) and for hydrogen migration (AH = 24 kca]/mo]e, AS = -1-1/2 e.u..
- for the nearrangement of 2,3-dioheny1oxazirfdine inlacetonitrile eanvv:

be eXplafned'in‘tekms-of conformational reétnictions in the thrée;f

membered r1ng and the 1nstab1]1ty of the develop1ng pos1t1ve1y

'_cnarged nitrogen spec1es o , ‘

The isolation of stable crystals of suitab]y subétituted 2,31 -

_diaryloxaziridines and 2,3,3-triary]oxaziridines from the photo]yeis7:
of the'eorresponding.nitrones firmly‘establiShes the oxaziridinesj?':”
as the pr1mary photoproduct from irradiation of N-arylnitrones.

The rate of nitrogen 1nvers1on of N- aryloxaz1r1d1nes has been
found to be extreme]y s]ow when compared w1th the inversion rate of
.other prev1ously 1nvest1gated N- ary] compounds At room temperaturel;
‘the ha]f time for n1trogen inversion 1n the 3-(4-methoxyphenyl)-2,3-

d1phenyloxaz1r1d1ne is about 100 m1nutes. The activation parameters



=ix-

for nitrogéh inyérsion n 3—methy1;2,3§dipheny15xaziridine'has been
'measuféd in carbontetraqh]oride. " The very high.activafioh energy
:for inversion.in this system-(AH =»26-1/2‘kca1/mole,uAS =10 e;u;)
démonstrafes the great retarding effect of'theIOXazierine ring'on '

~the inversion of the nitrdgen;



INTRODUCTION



eHistOricaI | |
The existence of three membered carbon n1trogen-oxygen r1ng
(I) has been hypothes1zed for many years, For 1nstance n1trones

3 but

(II) ~were first thought to have the oxaz1r1d1ne ring structure
this structure was d1scarded on the basis of Spectra and the 1nab111ty_'

to resolve the compound L

. , 0 v - |
R'G \ . RO 0
EJt::-C/:;—'N - R" o C = N’//
R S o : R . \R ‘
(1)_. o o an

AHesandr15 found that‘ under-the'influence of the warm Itanan
sun, acetone squt1ons of the agN- d1ary]n1trone (II R=R"=p, R'=H) |
rearranged to benzan111de Th1s is probab]y the first examp]e of a. re-~:
» act1on where an oxaz1r1d1ne 1ntermed1ate was actua]]y 1nvoIved |
| Since then, the three-membered carbon-n1trogen-oxygen r1ng.has tf
had a long and-IIIustrioue career as a uSefu] intermedfate in'many |
chem1ca1 react1ons. | ' v |

For instance, there are’ a number of examp]es of photochem1ca1

react1ons 1nvo]v1ng the photoadd1t1on of an aromatic n1tro group to L

* For general surveys of oxaziridines see references la-c.

**  For general reviews of nitrones see references 2a-c.



|
double bonds which may 1nvo]ve oxaz1r1d1ne 1ntermed1ates° Sp]itter and
Ca1v1n6 hypothes1zed the 1ntermed1acy of an oxaziridine. (IV) in the
photbConverSIOn of ortho-n1tro-st11bene (III) to sub§t1tuted_1sotogens;
(V). Somewhatvlater,'BuchI and Ayers7 hypbtheeizedithe intermediacy
of a I,?-dIOXazoIidine (VI) in the photoreection of nitrobenzene with
olefins. This, in turn, can yield an oXaziridine-(VII)‘which rearranges
fo.the fipa]vproduct'(see page‘3), The recent isolation of a stable
cisbl 3-dioxaiolidine as' fhe primary product’ih the photo]ysis'of |
fn1trobenzene with cyc]ohexene adds credence to the proposed mechanism
and . leaves the oxaziridine as the 11ke]y product of 1soxazo]1d1ne frag-7

8

mentation. Other reports of s1m1Iar react1ons have -been made by

"Schembaum9 and Taonr]Oa b

In the early I950's.Lahdquist]1 reportedIthat irradiatioh.of‘
quinoline-N-oxide (VIII) yieIded the corresponding-amide'(x) ih good
yield. This reaction aga1n proceeded through a presumed oxaz1r1d1ne

1ntermed1ate (IX)

@/\ ' (NW

virr oo




QzN 02 . C 02
(111) o |
oH o OH
: ' - - Me
’4’P NMep ¢ C\ @ piiteg
L | 0, N N
o- .. _ :
(V) 0 G Mest)
. - e
B. ¢NO» + Me,c=CHMe —P¥L [¢-N< N 2]
. "O=-CHMe
: L (V1)
. o, . . .
¢ NHCOMe- —— - N’ .\'CHMe_, + Mep CO
- ‘(vu) “

The mechanism of the photoaﬂa1t1on of n1trokenzenes to. o.ef1ns aPCO“’1Pj
to Sp11tter and Ca.V1n (%)  and Buchi and Dyers (8). _



Besides these examples, oxaz1r1d1nes have been- hypothes1zed

as intermediates in such react1ons as the photolysis of ox1mes]2 ]3

15

the reaction of nitrenes with aldehydes "=, photo]ySis'of quinone'anil-

]6, and the mass spectra] fragmentat1on of aromat1c nitro com—

pounds]7 to mention a few. But 1n 511 these cases, oxaz1r1d1nes were

V"N-oxides

only inferred and not detected |

These prev1ous]y ment1oned react1ons where oxaz1r1d1nes are
»presumed intermediates raises question about the 1so]ab111ty - of these
: systens Since photochem1ca] rearrangements prov1de a very effect1ve |
' _nethod of produc1ng high- energy compounds under very mild cond1t1ons,
the fact that these compounds, under these cond1t1ons, were not obser-l
vable 1nd1cated that they may be_too unstable to be )solated° In part1f
cular, it seemed probable that.under any morevdrastic conditions of
acidity, basicity, or temperature, no'hope exfsted for obtaining oxaé'/
ziridines, Therefore 1t was qu1te surpr1s1ng when the synthes1s of
stab]e oxaziridines was eventua]]y announced A

18,19,20 independently found that the

In the 1950's, three_groups
oxaiiridine ring COuld-be formed by the peracid oxidation of certain.
imines; Contrary to what might haye'been>expected ‘these oxaziridines'_
proved to be. extremely stable. In many cases. they were d1st111ab1e 0115
“which showed no significant decomposition on stand1ng B

From a cursory glance, the stab111ty of this system is very un- -

expected.

* - Chemical evidence for the intermediate_0xaziridines has recently u

been presented.



"To_get some feeling for the energeficS'of this system, a rough
- i . 4

éa1cu]ation can be made, comparing it with its rearrangement prodUct,

~ the amide.
0 | g |
R /c/-— N-RY Y R-C.—N-R"
R! | o RV
(xy (XII)
‘Bon.d‘ene‘rgy'('kc’al/mole)z.] N Bond'energy'(kc'anole.)' '
0 s c0 9
N0 83 N 73%, 93"
C-R' T S
222, 238** 252*, 272*"

. Thus , by bond energ1es alone the am1de is more stab]e than-the corres-.
ponding oxaziridine by 30%-34™* kca]/mole In addition, the strain energy.
of the three membered oxaz1r1d1ne r1ng must be included. A reasonab]e : o
est1mate of 14 kcal/mole can be made based on the measured stra1n _d
~ energy in aziridine (14.kca1/mole) and ethylene oxide (13 kca]/mo]e) 225'
Thus , oxaziridines'are in gehera] much less stable (by 44 to 49 kca]/

' mo]e) than the correspond1ng amide. Thus,‘on a thermodynam1c bas1s the "

oxaz1r1d1ne wou]d be expected to be very reactive.

* For 'R' = alkyl, or aryl

** For R'

H.



The ring itself contains a Weak, easily cleaved nitrogenaoxygen

bond (ca. 53 kca]/mo]eZ])

and, in addition, strain energy'ihherent in
the ring system should make this bond even wéaker. Tﬁé ring cérbdn Has
: twoyé]ectronegative_groups attached to it. This fhehi-aceté]"_étrdc;‘
tﬁre sh6u1d.bé very seﬁsifive to traces of acid or base ahd'yét the com-
“pound ié'produééd in the presence of acidé and‘peracids! Thus, its
_stabi11ty is undeniable.” |

Sooh after the original peracid:syntheSis of oxazifidihes, the
quesf16n of their production in nitrone photolysis qujck]y ariéé.
Kam]et'and Kap]an_z3 suggested‘fhat the photosénsitivityvdf.d,N-diary]-
nftrones was due to the product{oh of oxaziridines but no experiménté]
‘evidénce'waé'offered.vFina]]y, Sb]itter’and Cai91624 photb]yzed'fhe 
‘anitropheny]aN—Efbuty]nitrone (XII) énd'obtaihed an isolable pro?
duct; They'showéd that it was 1denti§a1 in aT1 fespects to the prqduct
afrom the peracid oxidation of B:nitropheny1-N;£gbuty1ihihe (Xv). This -
production of the 3-EfnitrophényTAZ-jfbutyIOXaziridine (XIV)'provéd- -
conclusively that the oxaziridine was the photoproduct from nitrone .

irradiation.

* Another, more philosophical question is raised: "If these compounds‘i
are so stable, why weren't they'foundllong'agq?“_YOne‘of the main péstei
times of organic chemists is to react a11‘possib1e>orgaﬁi¢ systems With5:
~all possible reagents. Since peracids haVevbeeh uséd to oxidize ketonés:u
(Baeyer-Vii]iger Rééétion), o]efiné'(epoxidatioh), a]déhydeg,'and many

; other’unsaturatéd’systens, it seems odd that the perécid oxidation of -

imines was bypassed.



LN

' o+ . L L
| VA | 0N THLCOH
- PNOR - C = “< LI z V&2 pNo,pCc = N - t-bu
' H t-bu L t bu - ﬁ
$4070 J Y ¢' ') B ¢ ()

S1m11ar results were later obtained in the photo]ys1s of 5 5-

-dimethylpyrrol1ne-N-ox1de2$

and the tranqu1]1zer Librium (7-chloro-2-_'
methylam1no-5 pheny1-3H-1 4-benzod1azep1ne 4- ox1de)

Since the original observat1on by Landqu1st]], the photolysis 1:
of N-oxides has been 1ntens1ve1y 1nvestjgated.‘Because»of the sinn]arffy
: betweén the structureé-of‘the'nitrones and n-oXides,:it appeared that :f.
v the N-oxide photo]yses too cou]d be explained in. terms of oxaz1r1d1ne -
:1nWHmmaws._ o
Photolysis of the parent compound pyr1d1ne N oxide (XVI) has

27,28

been found to lead to a number of products, mos t of_wh1ch can_be-n

‘attributed to oxaz1r1d1ne-type intermediates.

N RCH - |
0 . R B RO- ﬁ - OR

(XVI):



~Since the strong oxidizing power of the oxaziridines is well

]8v

known the ability of irradiatediaromatic N-oxides to act as. oxidizA

1ng agents may be another indication of oxaz1r1d1ne 1ntermed1ates. For

29

1nstance Hata and Tanaka“” have reported the format1on of pyr1d1ne and

oxygen in the gas phase photolysis of pyr1d1ne -N-oxide. Recently,

30

Stre1th obtained pheno] in the photo]ys1s of pyridine N-oxide n benzene

~and Alkaitis and Ca1v1n3]

have detectedvcyc1ohexene ox1de_and cyc]o-
-hexanone-when pyridine N-oxide is irhadiated fn the pnesence.of5qyc105x'
hexene.. Likewise, irradiation of pyridazine N-oxide in the presence
_of benzene y1e1ds pheno] 32 |
However, attempts to isolate the oxaz1r1d1nes derived from

aromatic N-ox1des have so far proved fruit]ess a]though, considering _ A
_jthe h1gh energy of these spec1es this s not surprising. Kaneko et a] 33 34
-}reported that the 1rrad1at1on of 2- subst1tuted qu1no]1ne N- ox1des (XVII)

y1e1ded the correspond1ng stab]e oxaz1r1d1nes (XIV) but 1t_was later

i oxIiro XX

" shown that the product was instead the benzo—ozazepine (XIX), the re-

arrangement'proquef from the’oxaziridine.35’36’37



~ Many other examples of aromatic N-oxide photolySes havé appeared'
in thé last few years. In all cases, the rearrangements appear to pro-
ceed through an intermediate oxaz1r1d1ne although the oxaz1r1d1ne has |

'never.been detected. A part1a1 11st of those N- ox1des ‘that have been

~ found to rearfange photochemically 1s_g1ven be]ow- qu1nol1ne N- ox1des38 39 :

40,41 42 4-pheny1qu1nazo]1ne- K

45

, pyrezine-N-oxides ™
3-oxides™, quinoxa]ine-di-N-oxide44

46

isoquinoline N-oxides
,,2,6-diéyanopyr1d1ne-lfox1de

. zphenyl-isatogen(%zpheny] 3H-indol -~
10b, 48,49

. 1,4-diphenylphthalizine-N-oxide

and aden1ne N- oxide,>0>°!

i 3-one N- oxide) R phenanthr1d1ne N-oxides’
| The third genera] method of oxaz1r1d1ne format1on is the reactlon
~of Subst1tuted_hydroxy]am1ne50fsu1fon1c acids (RNHOSO,) or chloroamjne;;
with carbanyl‘compounds'in the presence of base. The reacfion bresumediy |

proceeds via the mechanism shown below:

RCHO  + R‘NH0503H D ' RQﬁl\:;‘E.NOSO H

o R__®
7 : /’
RC~———N R' ' PP C
- & o // \\
H , . - H N- OSO H
. ' 3
HSO4 .

Using this techniqué, Schmitz has been able to syntheéize both N-a]ky]aa
and N-unéubstitutéd (iso-oxime) oxaziridines and byfacylafion dn“thef

unsubstituted compound he has prepared the N-acyl derivativés.52



10

A final definitive identification of the oxaziridine ring struc-

ture was reporfed in 1967 when Jers]evssa’b

reported the X-ray crystal
- structure of (RS) trans-Z-methy]-3(2;6;dimethy]-4-ch1orophenyi)-oxa4

: zifidine (XX); see page 11. The'crysta]1ographic'dimensions are

_giveh on the fd]]owing-pgge.‘ Thﬁs, the structure and stabiTity of the
carbon-nitrogen-oxygen three-membered'ring system has been definite]y_
eétab]ished in a number of independent syhtheses. |

" The oxaziridines themselves are relatively stable to&base but -
’are'slow]y,hydrolyzed by acids to the cbrrespondihg carbony] cohpoundA )
and hydroxyiamine° They are,Very stfbng oxidizing agénis and in the
presence.of acidic iodide, iodiﬁe and the'cbfrespénding’imine are pro-:”

54

duced. In act, oxaziridines have been known to oxidize chloride to

“chlorine.®®
Photolysis of the oxaziridines resu]fs in photofragmentatioh to -
- yield the cakbony] compound plus proddcts'derivab]e from‘nitréneSQ

56 reportedvthat the photolysis of

For 1nsténce, Meyer and Griffith
3,3-pentamethyjene-z-phenyloxaziridine in the presence of'diethylamfne
és a tfappingzagent yie]déd 2~&iethy1amino-3H4azepiné;fn 10%‘yie1d’and
aniline in 9%. Likéwise, Splitter and Calvin have éhown.that the
photolysis of tripheny]oxaziridine.yie]ds triplet phenyinitrene and
__benzophenohe.57 | | B
| Thermd]]y, the oxaziridines-undefgo_two.reérrangementvreactions;;
one caused by Carbonfoxygenvbbnd c]eavage énd one taUsed by nitrogen- - :
:oxyggn bond cleavage. C-0 cleavagé resdfts‘in-the isbmerizatioanf'the

~ oxaziridine fo.thé iﬁomeric nitrone WHije N-0 bonﬁ C]éavage.is followed

by migration of a group from the carbon atom to:fhé-adjacent nitrogen

. atom to yield amides.
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~ Ar-C-N 1i184°
| . CHz-N -O_.‘._IO7:.4° B

X—ray érystay struc£uré of (RS) trans-Z—methy!—33(2,6551r',': -

: ﬁethy]—4{ch1¢rohheny1)oxaziridine (xXx). vf
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For example, Emmons has reported that the 3-pheny1-2-alky1l oxa- -

. . e
ziridines rearrange thermally to the corresponding m'trone.18 Thus,

-u3-pheny]-24t-buty1 oxaziridine rearrangesAouantitatime]y'to the .corres-

ponding 3- pheny] 2 t-butyl nitrone in requx1ng aceton1tr11e 58
On the other hand, 2 3-di- and 2 3-3—tr1a1ky]oxa21r1d1nes have .

d.proved exceed1ng]y stabIe However when heated to h1gh temperatures,

~ they too rearrange to the correspond1ng am1des. For example when 2- n-'

i’propyl 3-methyl-3- 1soboty1 oxaz1r1d1ne (XXI) is heated at 300°, a

>,64 36 m1xture of N-methyl-N-n- propyI isovaleramide (XXII) and N- 1sobutyl-

" N-n- propyl acetam1de (XXIII) is produced.

CH, N
3. 0 . o Q Q ’
e N-pr o 3 iobu-C-Nepr + CHy-C-Nopr
-bu.. ‘ ' - _ | CHs ‘ i-bu
(XXI) | | (XXII) (XXIII)

. This reaction presumab]y proceeds in‘the}gasrpﬁase and orobably:occurs
via a free’radical reaction. Liquid phase reaction (168°) of the sane o
‘compound yields metnyI‘isobutyI ketone,,ammonia'and black tar with'

very little amide products. Again, considering the large amounts of
intractab]e material produced, it seems likely that a compIex’radicaI. ;_'
‘(probany a chain tranSfer) brocess 1s occurring The rather‘drastic
condi tions necessary to effect these rearrangement react1ons attest
to the remarkabIe stability of the oxaz1r1d1ne r1ng system.

18

* Emmons = reported that of the 3-pheny1 compounds only the 2—54a1ky1 .

" ones were stable, but it was found that only their sensitivity to acids -

reduced their stability,>?%0
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The implication given in:the lTast few_pages is that oxazfridine
rings areLa]T stabTe. This is not correct.. The di- and trialkyT‘oXa-
- ziridines are stable as are the 3-phenyl-2- a]ky] compounds (see foot-
note, page 12) But in contrast to these very stable r1ng systems,
the 2,3- d1aryloxaz1r1d1nes are unstab]e and have only been detected
in so]ut1on. A | |
"A]]esandri‘ss‘irradiation of a,N d1pheny]n1trone by sun]1ght |
.to y1e1d benzanilide is probably one of the earliest examp]es of the
1ntermed1acy of the a,-N d1pheny1 oxaz1r1d1ne Wheeler and Gore6]
~.attempted to measure the WV spectra of a series of d1ary1 n1trones.
'However, the1r resu]ts were 1ncons1stent S1nce their so]ut1on prepara-
' tions apparent]y were done w1thout adequate precaut1ons aga1nst 11ght
exposure, the1r Jncons1stenc1es werevprobab1y due to»photochem1ca1 |

rearrangement of the nitrone to the ovairidine'(XXIV)..’Attempts'todv' :

Xg— N-0 : o |
" H o ‘

(XXIV)

prepare the d1ary1 oxaz1r1d1ne system by the standard method of the

peracid ox1dat1on of the correspond1ng N- -arylamine have not been success-
*

ful. On oxidation of p n1trobenza1dehyde an11 w1th peracet1c ac1d

on]y trace amounts of‘p-n1trobenzan111de were obta1ned.62 Padwa63

- . L. 20
* For an” exception, see Krimm.



‘has reacted severa] monoary11m1nes of benz1] w1th peracet1c acid and
obta1ned N N d1benzoy]am1nes as- the principal products w1th no ev1dence
of a stab]e oxaziridine intermediate. Even milder air oxidations of
oenzil monoary]jmines'and benzaldehydeiimines have given no.evidence.
'7of stable oxaziridtne production but have yielded products that can be
-der1ved from oxaz1r1d1ne rearrangements.“’65

Thus, it appears that ‘under cond1t1ons where 2-a1kyloxaz1r1d1nes
are very stab]e the 2- aryl compounds can be prepared in situ but they
undergo further rearrangement react1ons. »

By 1rrad1at1ng d1ary]n1trones in so]utlon the d1aryloxaz1r1d1nes
© can be produced in solution. Using- th1s techn1que Splitter and Ca]vm62
~ have 1nvest1gated some of the properties of the system. A]though-the |
photoproducts of the n1trone were not 1so]ated they cou]d be 1dent1f1ed
as oxaz1r1d1nes by the fo]]ow1ng cr1ter1a._' |

1) . The1r product1on from nitrones in ana]ogy to the product1on of o

2-t- buty] -3- pheny] oxaz1r1d1ne by the photo]ys1s of 2-tebutyl-

3- -phenyl n1trone]O
'2)  their h1gh active oxygen content
3) their UV spectrum,
4) ~ their thermal rearrangement to stab]e am1des.

The d1ary10xaz1r1d1nes studied were found to have 11fet1mes of from a
few seconds to seyera] weeks in solution at roomntemperature. Like
the di- and trialkyloxaziridines, they normally rearrange cleanly to

yield the corresponding amides_and formamide while appropriately,sub—
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| stituted compounds gave'significant yie]ds of the corresponding nitrone,
a reaction s1m1]ar to that found in 3- aryl 2- a]kyloxaz1r1d1nes
When one cons1ders the structure of the 2 ary]oxaz1r1d1nes it is
not surprising that they are substantially less stable than their
.2-a1ky1‘analogs. The 24ary] substituent would be expected to stabil-
ize any radical or ion deve]op1ng on the n1trogen resu1t1ng from c]ea—
v'f vage of the weak nitrogen-oxygen bond; thus the products of N- O bond
' cleavage, the amides , wou]d be expected to form. -
"From the br1ef-summary of oxaziridines it can’be seen that there_t
is a great d1vers1ty of stab1]1t1es and react1v1t1es present in the
system, from very stab]e to un1so1atab]e.' |
‘The purpose of this present work is - to gather 1nformat1on about the
propert1es of these three membered carbon n1trogen oxygen r1ng systems.
In part1cu1ar, 1t wou]d be des1rab]e to know what factors govern the -
therma1 stab1]1ty of the ring. A]though a wide spectrum of subJects
. are ava11ab1e for 1nvest1gat1on -we have chosen to- 1nvest1gate the di- y
and‘tr1ary1 compounds..Th1s choice of a system was}based on both con- |
venience and on the probabi]ity of obtaining USefu1-information.“ -
| S1nce th!d1a1ky] and trialkyl systems are very stab]e therma] re-'
arrangement reactions on]y occur under very drast1c cond1t1ons., Under - ;
these cond1t1ons many comp11cat1ngvrad1ca]_react1ons appear to takei | |
p]ace which may mask much of the desired'resu]ts.vAlso, Emmons]8 has*;'f
investigated.this area in fair detail and any furtherlnew intormatiOn E
would be of dubious va]ue ‘The 3 aryl-2- alkyl system, on ‘the other hand

shows one clean react1on rearrangement to. the correspond1ng n1trone.

{.
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AHowever;'on]y a limited amount of information can be gleaned from the
system since only one reaction can be'investigated. |

In the di- andvtriaryl systensA on the‘other*hand thevaryl'groups
have suff1c1ent]y destab111zed the oxaz1r1d1ne ring so that N-0
“and C-0 bond c]eavage 1ead1ng to rearrangement occur at reasonab]e
. rates. The di- and triaryl systems are also exce]lent subjects for
invest1gat1on for more . practical reasons. They can be- formed c]ean]y
1n a photochem1ca1 react1on so the chances of contam1nat1on by other

compounds are re]at1ve1y sma11 As shown by Sphtter62

and others,
the format1on of the oxaziridine by 1rrad1at1on of the correspond1ng
n1trone is essentially quantitative.

" The oxaziridines themselves are high-energy'species so that re-

© arrangement is always ‘a thermodynamically favored process which is free

‘of complications from back reactions. Likewise, the prodUCts from
‘vrearrangement (n1trones and amides) are a]1 very stab]e.

ey

v Unlike many other ana]ogous rearrangements systems ~- the p1nacol
'rearrangement66, and the rearrangement of tr1ty] hydroxy]am1nes (the
StiegTitzvrearrangement) 7_for 1nstance -- ‘the oxaz1r1d1ne rearrange-
'ment.dqesAnot:requTre external reagents such.as strong-minera].acid
”{ te.promote the reactiona The uncata]yzed rearrangement takes place
read11y at accessible temperatures «£+]OO°C) _

These oxaziridines also have.severa1v1nherent properties which make-.
: menitoring them Simp]e. One_of these_propertie$~is quantitative»active

oxygen content., Thus, the diaryl oxaziridines'can Tiberate iodine from _
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an ac1d1c 1od1de so]ut1on quantitatively and 1nstantaneous]y at room
3temperature. Th1s property is possessed neither by the start1ng n1trone
nor any of the rearrangement products S1nce 1od1metr1c t1trat1ons are
both s1mp1e and sensitive, this prov1des anaeffect1ve method for follow=
ing_thevdisgppearance of oxaziridine. A secondhmon}toring property is
the'ultraviolet spectrum of the oxazfridines Since the'three-membered
carbon n1trogen oxygen r1ng effect1ve1y prevents conJugatLon between
-the subst1tuents on the ring, the oxaz1r1d1nes under 1nvest1gat1on | 4
show only short wave]ength absorpt1on. On the other hand a]] the pos-
s1b1e reaction products -- the nitrone, an1]1de formam1de, 1m1ne and
~even the a]dehyde -- have 1onger conJugated systems. Thus the products i
a]] have absorpt1on at longer wavelength than the. oxaz1r1d1ne and the
appearance<of product can be eas11y mon1tored.by u]trav1o]et‘spectro- =
copy. S B v . v | . .
Finally, the rearrangement,of N-arylaoxazfridines has one najora
advantage over other reactions of felectron deficient".nitrogens; In
" ‘the rearrangements listed on page 18 the most direct way of investigateél'
- ing the reaction mechanisms is.to'vary reaction COnditions, or_to'vary-
substituents on the migrating group. But determinations of the charge '
1oca11zed on the electron deficient n1trogen is. d1ff1cu]t because there
are no groups attached d1rect1y to the n1trogen wh1ch can be varied. How-
ever, Jn the rearrangenent of the d1- and- tr1ary]oxaz1r1d1nes,,there S
is an ary] group direct]ytattached to the nftrogen. Thus by'using'sub- :
stituted pheny1 groups, a sens1t1ve probe is ava11ab1e for 1nvest1gat1ng

the e]ectron1c nature of the reacting n1trogen.
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'MIGRATIONS TO ELECTRODEFICIENT NITROGEN

‘Beckmann Rearrangement

CRGOH

Stieglitz ‘Rearrangement .

. CPCl.. . _
ARgONHOH ——2y  Ar,CeN-Ar

CArgONy 3 ArCeN-Ar
| ' or H+ = . = :

‘Curtius’ Rearrangement

LA - ‘ _
~ RCON . ——>  RNCO +' N,

L1
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'The'EXpefimenté]‘ApprOach

One of_the questionsvthat'has not been adequate1y anSQered invthe '
2-aryl system is Whetvis the mechanism of the N-0 bond c]eavége.-Ddes
it, as founa in the ZfaTkylbcompound, Qccur‘Via a hemolytie c]eavage
te yietd an oxy radical and a nitrogen radical? 'The'Naery] groﬁpvweu1db.
surely stabi]ize the hadica1 nitrogen, thus pessibly accouhting for the_
.great in;tabitity’of'the~compound.- On7thevother‘hand, the heterolytic
N-0 bond c]eavage is elso hossib]e whieh_wouid result in an alkoxide

=oXYQen P]us a nitrenenium. ion, R2N+ Stabt]izatton‘df this e]eetrdhh
deficient n1trogen by the N ary] group shou]d be qu1te substantial.
. To distinguish between these two forms of react1on, the fo]]ow1ng exper—
1menta1 approach will be emp]oyed '

A variety of di- and tr1ary1n1trones w111 be synthes1zed Irradie-
62

tion of these n1trones, fo]]ow1ng the method of Sp]1tter and Ca1v1n

should produce the des1red oxa21r1d1nes in. so]ut]on

"R 0. - PathA Re 0, AR,

¢ _ #N. 28 HomoTytic ;_ o Rr’c , N:_QX . R _Rc TQX
Path8 . RC  N=—9P ' R-C-H-gX

Heterolytic * _ - R

.'.SeBStituents dn the aryl grOUp:attaChed to the'nitfogen’shou1d bhotide

' sens1t1ve probes to test the two maJor modes of n1trogen oxycen c]ea— o

vage -- homo]yt1c (Path A) -and hetero]yt1c (Path B). o :
Hetero]yt1c c]eavage should be fac111tated by electron re]eas1ng

substituent ‘and should be;retarded by e]ectron w1thdraw1ng subst1tuents.
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. Hence some type of Hammett correlation'should be obtained with a negative
.58 0n the other hand, homolytic cleavage should be.faci]itated_by
most"para-substituents. In particu1ar; both p-nitro and p-methoxy sub-
stituents shou]d accelerate the reaction while w1th hetero]yt1c bond
| cleavage, the p-nitro group shou1d great]y retard the rate of rearrange-
E ment. Thus kinetics done on the rate of rearrangement as a function of -
N- pheny] subst1tuent shou]d allow a def1n1te determ1nat1on of the method
of N-0 bond c]eavage. Further ev1dence can be obta1ned from the effect
of so1vents on the rate of react1on since homo]yt1c cleavage shou]d N
not be apprec1ab1y affected by solvent while heterolyt1c c]eavage,' |
where charge separat1on is occurr1ng, shou]d show a marked rate 1ncrease
in more polar so]vents. |

The effect of subst1tuents.on the'carbOn-phenyl,can‘a150'gtve'us
important information on the structUre'of the transition state for the
rearrangement. 'Thegrate of aryl migration should be snbstituent,depenéj
dent: .hetero1ytio”c1eavage Wd]] fanor‘mtgration of.e1eotron-donatingv”
groups69 while, genera]]y; e]ectron4withdrawing_groups are favored in

radical rearrangements. ’°

Thus, the.kinetiCS of the C-phenyl substitnted
oxazirtdines shouldvsitingoish between»the'two_mechanisns. In particular,
, the product ratio of aryl migration to'H migration-in'the dtaryT‘system
and ary] m1grat1on to pheny]l m1grat1on 1n ‘the tr1ary] system shou1d mar—.v
ked]y depend on the charge on the n1trogen and the extent of aryl m1gra-
1t1on in the transition state 1ead1ng to rearrangement

Splitter and Ca1v1n.62 have prev1ous]y looked at the rates of rearrange-"

ment of several C-phenyl substituted d1aryloxaz1r1d1nes and have noted
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variations in the distribution of'the product with SUbstituent.‘However,'
'it'w001d_be desirab1e to~inve$tigate-e more.comp]ete_series of_COmpOunds E
so»more'definitive conclusions can be drawn about the mechanism of the
rearrangement.' | . | | _
}.An.additional prob]em that is 1nseparab1e from any kﬁnetic'ana1y+ -
siS-of.the rearrangementvreactions is the conformational orientetion'of
the hearranging oxaziridine._ In pahticuler, do there exiSt-two'seoaratev
conformers of the oxaz1r1d1nes (XXV) and’ (XXVI) whose reactions:mey be

qu1te d1fferent7

0L ' S ! A it
S "R\Ci:~:>N‘ _ L ;R\\ .O‘\ }XR
/N ¢—N
A R "~ R® ' v / ‘
(Xxv) i : o (XxVI)._

: that ' '
It is. hoped/by the use of" spectra] 1nstrumentat1on part1cu1ar1y nuc]ear

magnet1c resonance spectrometry,_the_ex1stence of stable isomers may be
~confirmed or disoroved: ' - | o

One more po1nt about the exper1menta1 approach deserves comment n
_this study we intend to- 1nvest1gate the react1v1ty and character1st1cs
'of unstable compounds wh1ch cannot be 1so]ated The ev1dence for the
ex1stence of the d1aryloxa21r1d1ne system is very compe]11ng, and ev1--1d"
dence for the intermediecy of\triaryloxaziriddnes is also strono;-ﬁHow;?

ever, it is aesthetica]1y more p]eesing to be éh]e'to isolatevand char-
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acterize the cOmpounds_under‘investigatfon;' One of the hopes of this wofk
is'thaf by stddying the kinetics:of thé réaction; we will be able to de-

| termihe fhe factors governihg the stabi]ity of thefring. ’From'this
vkﬁow]edge it is hoped that we will be able to constrict and fso]ate a
suitéblé substituted djafyTand possib]y triaﬁy1oxaéﬁridines and firmly

“establish the identity of the system.
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SYNTHESES OF DIARYL AND TRIARYLNITRONES

Known aLaty1 Nspheny1n1trones

The following known d1ary]n1trones were synthes1zed by condens1ng

pheny1hydroxy1am1ne] 2,3

with the appropr1ate subst1tuted benza]dehyde
5 . _ R |
1.4

'.,1n ethanol:?

agNedipheny1nitrone; mp 113,8%114.2e (Lit. 11594); uv max (cyclo-
hexane) 322 m p('e18 700), (benzene ).322 m ﬁ(e 20,200); ms'(76 eV)}ng
(relative intensity) 197 (M 50) 196 (34), 181,(22)’ 180 (33), ]05_(17),
91 (100), 77 (46). T
/ﬁ~a-(4 ch]orOphenyl) N-pheny1n1trone mp 151:3-153° (Lif; ]5294);.7

v max (cyc]ohexane) 327 m u(e 22 000), (benzene) 321 my (20,400){
@ -(4 n1tropheny1) N- pheny1n1trone mp 190- 1° (Lif -190°4); uv max.
(benzene) 367 mu ( e]9 800), ms - (70 eV)_m/e (re1at1ve 1ntens1ty) 242° (M

-33), 226 (23),‘225.(8)? 195 (63, 179 (91) 167 (6) 97 (7), 94 (8) 92 (8),

© 91 (100), 77 (18). | , |
o= (4-anisyl )<N- pheny1n1trone mp 116.3-117.5° (wit. 116°4); uv max

(cyc]ohexane 335 my (e 22 300), ms (70 eV) m/e (relative intensity) 227”(
*,100) 226 (32), 211 (45), 210 (47),-198 (35), 184 (20), 135 (35),_91;j .
(100), 77 (41). | . .

: ax (4~ dimethylaminopheny]) -N-phenylni trone. mp 138° (L1t 138°5), 5

uv max (benzene) 374 mu (e 27 300), ms (70 ev) m/e (re]at1ve 1nten51ty)";ﬁ
240 (M 48), 225 (16), 224 (100), 223 (86) 207 (]3), 150 (10), 149 (100),
148 (53), 145 (7), 81 (2), 77 (21) |
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a.~D- a,N-diphenylnitrone -

In a similar manner, the a-deuterium compound wasvbrepared from
d-D-benia]dehyde and.phenylhydroxyianﬁne. Thegé-D benzaldehyde was
"prepared by‘a Roéemund féduction of'behzoyl EhToride with deuterium gas
( >95% pure). us1n%d%#§y1ad1um bar1um su]fate cata]yst po1soned w1t2
a trace of qu1no11ne/fo]10w1ng the procedure of Hershberg and Cason.

(NMR ana]ys1s-showed that the benza]dehyde was 95% deuterated. ) NMR,

of the deuterated n1trone showed a comp]ete disappearance of the a- -H
resonante at T2 25 | R N | »
“ms (70 eV) m _[__(re]at1ve intensity) 199 (2), 198 (W} 17), 197 (15), 182
(14), 180 (13), 105 (17), 91 (100), 71 (28), It appears that under these
mass spectral-cdndifidns significaﬁt exchange of the nitrone e-hydrogen
resulted. For evidénce that-the irradiafed hitroné is still specffica1]y‘

'_]abelled;'see'the section_oh product analysis. -
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- (3-nitrophenyl)-N-phenylnitrone

3-Nitrobenza1dehyde (4.2 g) and 7.3 g'phenj]hydroky]amine (not very
nure)-weré combined in 150 ml 95% ethano1 and heated unti]Vthe aldehyde
d1sso]ved, and allowed to stand 18 hours at room temperature. The crdde
product was collected on a buchner funnel (y1e1d 7.84 g) and recrysta]11zed
~from ethanol-water, 5.53‘96 mp 146.2-147.8° (L1t, 154°4);'uv max
(absolute ethanol) 315 mu ( c14,720); ms (7o‘eV)‘ﬁlg;(re1at1ve intensity)
242 (M) 56), 226 (17),_197 (38), 168 (13), 167 (22), 151(33), 150 (89),
120 (1), 119 (19), 105 (100), 104 (31), 103 (24), 93 (41), 91 (19),
77 (78). IR | | R

-(2,6- d1ch1oropheny1) N-pheny1n1trone

2 6—D1ch1orobenza]dehyde (2 24 g) and 1 34 g pheny]hydroxy]am1ne were
dissolved in 20 ml ethanol and allowed to stand for 12 hours at room |
temperature. The oily solution was combined with water and the m1xture
was extracted with‘SO ml ether. The ethereal Sq]ution was dried:(MgSO4)'
and the ether Was removed by rotary evaporation. The-resu]ting 0il
solidified upon cooling to a white crystalline material. Yield 2.67 g.
mp 116—117,5°;t'Recrysta1lization from ch1oroforn-netro1eum‘ether yie]ded
;white crystals. mp 118.2-118.7°; uv max (aceton1tr11e) 284vm p(e'8970)'
ms (70 eV) m/e (relative 1ntens1ty) 267 (M 3), 265 (5) 251 (21) 250 (20),
249 (24), 232 (34), 230 (100), 173 (14) 104 (14), 91 (39)/ 77 (7).

N—tojx]-u-pheny1nitrone

4- To]y]hydroxylamine (7. 00 g) synthes1zed accord1nq to Utz1nger2 and '
6 31 q benza]dehyde were comb1ned in 50 m1 ethano] The so]ut1on was |
allowed to stand overn1ght.. The prec1p1tate was co]]ected Yield 4.86 g.

mp 124-125.5° (Lit. 123°%).

A second crop was collected on adding water
to the filtrate until cloudy and aT]owing'the‘so1ution to stand. Yield
'2.04 g. Total yield 6.90 g; uv max (absolute ethanol) 316 my ( £20,900);
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" ms (70 eV) m/e (relative intensity) 211 (M} 82), 195 (6), 183 (7),
118 (6), 106 (16),-105_(100), 91 (9), 77 (39).

N-(p- chlorophegylya pheny1n1trone

4~ chloropheny]hydroxy]am1ne (8.12 g) and 9. 07 g benza]dehyde were

' comb1ned in 100 ml ethano], and- a]]owed to stand for 12 hours The

' resu1t1ng crysta]s were co11ected and washed with ethanol-water. Yield
10.88 g._ mp 174-175°._ A.second crop was co11ected by add1nngater_toe’
-.the filtrate untt] ctoudy and ailowing.the_solution to-etand. Yield .39 g.
:Tetal yield 11.3 g (86%).: hmp (recrys from ethano1-water) 179-181° (Lit. -
181° )3 uv max (abso]ute ethano]) 319 m u(e 21 200) ms (70 eV) m/e
.(relat1vey1ntens1ty) 233 (M, 18), 231 (58), 215 (13) 214 (8) 203 (9),
167 (7), 127 (9), 125 (9), 111@(8);ﬁ106 (16), 105 (100), 94 (9), 77 (32),;

Ngj4-bipheny1y1)-av-phenyTnitrone7 v

- "4—throbipheny1 (5 39’g) 230 ml -ethanol, 50 m] water;VS g ammonium |
:chlor1de and 5 g powdered z1nc ‘were p]aced in a 500 m] flask. The mixture "
f‘was stirred w1th ice coo]1ng to maintain the temperature at less than
. 20°C. After st1rr1ng 1/2 hqur, therpnoduct was f1]tered 1nto 15_cc IE
ag]acia1'acetic acid‘and the resulting solution Was‘poured into 300 mi
Water The ye]low prec1p1tate was col]ected (6. 93 g) and comb1ned w1th o
4, 67 g benza]dehyde in 80 ml ethano] wh1ch was. heated unt1] ‘the p-phenyl-
pheny]hydroxy]am1ne dissolved. After s1tt1ng for 12 hours the resu1t1ng
: prec1p1tate (2.94 g) was collected and recrystallized: from ethanol-water
Yield 2.25 g (40%). ‘mp 175- 178° (L1t 174- 175°7), uv max (abso]ute ethano])
324 my (e 25;800); ms (70 eV) m/e (relative intensity) 273 (M, 65), 257 |
(50), 256>(20),'245 (30), 180 (35), 170 (48), 169 (100), 167 (67), 154
(43); 153 (34), 152 (45), 106 (74)’f]05v(95)’ 77'(66). |
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I

._N4(4—anisy1)4q-phény1nitrone |

- 4-Nitroanisole (11.1 g), 5 g ammonium chloride and 75 ml'lzlvethanoT:
water wéré p]aced in a 200 ml round bottomed f]ask/equiﬁped With é o |
_maghitic stirrer.? The solution was cooled to 5°C with an icebath. 17 g
~ powdered zinc was addedlin_sma]] portions over 1 1/2 hours. The temper-
'iatUre»Was maintained ét less than 15°C., After the addition was comp]éted,
- the solution was fi]fered énd-the Zn0 was washed with 100 ml hot ethanol;
10 mi benza]déhyde Was'addéd.to“the:ethano1ic solution and thevsolutién .
stood‘at'room températurekfor 18 hours.; The resu]ting'pretipftate was
: co]]ééted and.dried«6n'a buéhner funne]. 7.033 g.. mp.1144121°. Re-
crystailfzed from ben;ene-pentane 6;49_g. For. énaiysis kecrysta1lized 
frbmlch]droform4pentgne. mp.130-131°‘ uv max (abso]ute ethanol) 320 mu
(e 23,500); ms (70 ev) we (relative intensity) 227 (M 90), 211 (7),
184 (10), 105 (100) 77 (40), 51 (8),

‘Anal. Calcd. for C]4H NO C, 74.01; H, 5.73; N, 6.17. Found: C, 73.96;

: 13
~ H, 5. 68; N, 6.34.

"a-(4 bromophenx]) N-pheny1n1trone

- 4 Bromopheny]hydroxy]am1ne (4. 66 g) and 5 m1 benza]dehyde were -
" dissolved in 20~m1 of ethanol. .After_SJtt1ng for several hours, the
résu]ting prgcipitate:was,col]eq;édand Eecrysta1lizédvfrom ethanol.
“;;v1é1d; 4.8 g.' mp 183-184?; uv max (acetoﬁitri]e) 321 m u(e 24,200);
s (70 &V) n/e (velative intensity) 277 (W' 35), 275 (M 39), 261 (4),
260 (3), 259 (4), 173 (3), 171 (4), 168 (4), 167 (8), 106 (15), 105 (100),
94 (8), 77 (31)." o . L |
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~?N-(3-f1uoropheny])-a-phenyinitrone

3- F]uoronitrobenzene (10.40 g), 15 g powdered zinc and 50 ml 1:1
ethanol -water were placed in a 100 ml_ 3- necked flask equ1pped with a
thermometer, reflux condenser, magnet1c stirrer and dropp1ng “funnel.
‘j21m1 of saturate ammoniUm_chloride solution was added through the

LdrOpping funnelkes‘the solution began to'reflux.z

Reflux was maintained.

by the additioniofrmore ammonium ohloride soTution. A?ter 20/minutes,:

‘the solution. wes tiltered and the residue was washed with 20 ml of hot

: ethenol 100 ml water and 8 ml benza1dehyde were added to the f11trate

/and the so]ut1on stood at room temperature for 4 hours The resu1t1ng

_wh1te prec1p1tate (11 47 g) was co]]ected and recrysta111zed from

ethano] water (11.19_9,,67.5%)f: For ana]ys1s the product was re- |
_dcrysta111zed fromﬂbenzene hexane. uv max (abso]ute ethano]) 319 m11( €18 600)
and 231 m u( €10,600); ms (70 eV) m[__(re]at1ve 1ntens1ty) 2]5 (M ]00), B
'7]99 (7), 198 (6), 187 (13) 106 (26) 105 (100), .94 (20) 77 (85), 51 (22)._t
Anal. Caled. for C | |

13 10

GNOF: C, 72.56; H, 4.65; N, 6.51. Found: C, 72.88;
H, 4.53; N, 6.39. mp 109-110°. -



'N-(4-nitropheny1)- afpheny]nitrone

Procedure A9

4adinitrobehzene (0.46 g) was added to a solution‘df 10 ml water,
50 m1 95% ethano], 1.57 g ascorbic acid and 10 m1 2N sodium bicarbonate;.
The red solution was stirred fér 10 minufeé and_g]acia] acetic acid was
added dropwise until the solution turned yellow-orange. 2 ml benaal -
dehyde were ad&ed and the solution sat at room temperature for»12”hours;
-“The.resu1tﬁngfye110w crystals‘were’co]lectéﬂ and recryéta]lized-from a
- ethanol-water. Yield, 187 mgp(28%); mp 184-1899; uv -max (acetone5~
352 m w( €13,600); (acetonitrile 352 m 1(e13,600); ms (70 eV) m/e
(relative intensity) 242 (MY 9), 226 (55), 225 (37), 196 (25), 180 (26),
167 (25), 135 (20), 105 (95), 77 (100), e N

Procedure B

4-nitropheny]hydrbelamine (.31 g)’was §ynthesizéd actofding to
Kuhn and wagand9 (mp 96-99°) .235 g benzaldehyde and-1 ml'ethanOI Weref‘
p]aced'iﬁ a test tube. The ethanol was heated'to»boiliﬁg in a waté} |
bathsforlT/Z hour , ‘more gthanol.beihg added to maintain thé volurie
‘at about_];skmj. After cooTing the solution SOIidifiéd} The yellow
»vpre¢§bftate\was-go]ﬁectédv_on é buchner funnel and'wééhéd'with cold ‘>
‘ethano]l. ineld.di4gsg...mp 180-1835. Rétfyétél]ized‘from pﬁlofofoﬁn-‘]
-pefrq1eum ether;: Y{eld' .302 g. hp ]88—189° o B



34

d-(4-e1anopheny1)—NephenyTnitrone '
4¥Nitrobenzonitri1e (8.56'§), 11 g powdered zinc, 50 ml ‘ethanol and .

50 m1.water were'p1aced fn a 250 ml flask equipped with a reflux eondenser
jand magnet1c stirrer. 10 ml of saturated ammon1um ch10r1de was added
-dropwise. The temperature of the solut1on rose to 80° and the react1on
was terminated when the temperature dropped to.55°C. The solution was h
i'ti1tered. 5 ml Ofabenzaldehyde were'added_to the solution. After
: sitting overnight, the precipitate_Was co]]ected‘and drfed. 'Yie]d. v
‘ 3.73lg;' mp 144-148°. A second erop was collected by ‘adding water tovthe

fi]trate,b Yield 3.57'g. uv max (acetonitrile) 335 my (e17,700) and -
246 m (c15,500). ir (heat) 3100 (C-H), 3045 (C-H), 2230 (C=N),
--1585 (c=C), 1544, 1440;,14i8,.1293, 1194, 1080, 1064, 890, 850, 820,
755, 686 cn” .3 ms (70 eV) m/e (relative intensity)-222 (ao); éos (32),
205 (22), 194 (9), 129 (5), 119 (5), 118 (91), 106 (20), 105 (100),
102 (12)' 94‘(13) }77 (43) (The =D compound was prepared in the same way )

a-(4 d1methy1am1nopheny1) N- (4- n1trgpheny])n1trone

4- D1n1trobenzene (0.4 g) was added over a per1od of 10 minutes to a
. solut1on conta1n1ng 10 m] water 40 ml 95% ethan01 1,2 g ascorb1c,ac1d ﬂt
and 10 ml- 2N sod1um carbonate 9‘ The solut1on turned a brilliant red and-
| vwas stirred. for an add1t1ona1 10 m1nutes Glacialvacetic acid was added:
._dropw1se unt11 the so]ut1on turned yellow- orange 0. 94 p- d1methy1- |
am1nobenza1dehyde was added ‘and the so]ut1on was heated sl1ght1y unt11 a]]
the. aldehyde d1sso]ved After stand1ng 4 days at room temperature the
resu1t1ng red- brown prec1p1tate was co]lected and recrystallized from
boiling benzene. Yield 0.26 g (39%) mp (sub11med samp1e) 243 2440
with decomposition uv max (abso]ute ethano]) 466 mu{c20, 200) Anal.

. Calcd for CygH ]5N303, C, 63.14; H, 5.26; N, 14.74. Found: C, 62.73; |

H, 5.045 N, 14.45.



N-pheny]-a-styry1nitrone

Phenylhydroxy]am1ne](1.512 g) was combined wfth 2.508 g of freshly -
»d1st111ed c1nnama1dehyde It reected imhediate]y giving a ye]]ow‘pfe-
c1p1tate. Y1e1d 3 072 g (99%); mp 151 -152° (Lit. 1550 ), uv max
(benzene) 367 mu (24,000); (aceton1tr11e)_360 mu'6625,700), ms (70 eV)
m/e (relative intensity) 233 (W,85), 222 (100), 206 (15), 195 (25),

| 146 (36), 105 (18) 104 (24), 103 (22) 91 (53) 78 (20), 77 (40)?'51'(16).

e (4—pheny1butad1eny1) N- pheny1n1trone
1

1) 5- pheny]pentad1ena1

Magnesium turnings (10 g) and 110 ml tetrahydrofuran were placed in °

‘a 5Q0 ml round-bottom flask equipped with a:reflox condenser, magnétic'

* stirrer and dkipbing.fonne].. Fresh1y distilled ethyl bromide (50~m1)
jWas_added over one hour with ice coolino.}u The solution‘wae then heeted
to reflok for,ooe-half,hour. Aftef cooling to room temperature, 33 g
4;methoxy¥butenyne was added dropwise and the so}Ution was stirfed for

1 1/2 hours. :32‘g benza]dehyde'was added With_coolihq The so]utions
 ’was thehestirred at room temperatufe for 3 hours F1ne1y powdered
Tithium aluminum hydr1de (8 g) was added and the solut1on st1rred for an
add1t1ona1-]5 hours. = The so1ut1on was poured 1nto an ammonium chloride-
fﬁice.Water solution, neutra11zed with 6N-H2504vto pH .5, and the aqueous
;Soluyion_waé ethactéd with 200 ml ether. The ether solution was washed'
~with 100 h] 2N sodium carbonate solution and with 100 m1 water, dried"”
vover anhydrous sodium su1fate and'the'efher.removed at redUced pressure:
The residue was’ d1st111ed under vacuum. 7 20.74 g of a thick oil.

 was obtained; bp 105-120° (3 5 min. )y (43% y1e1d)

35
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2) Reaotioh of 5-pheny1pentadiena1'With phenylhydroxylamine.
'S—PhenyIpentadienall] (3.3g) and 2.2 g phehylhydr0xy1amine11yere v:

. combined in 50 ml ethanol. A solid formed after 10 minutes. 3.82 g

Recrysta]]ized‘from ethanol-water. 2.83 g. mp 169- 171°, uv max’ (aceto-

nitrile) 379 my | (€40, 300), and 286 muy (e13,700); ms (70 eV) m/e |

'(re1at1ve 1ntens1ty) 249 (M 62), 233 (51), 232° (65), 158 (100), 15% (68),

143 . (19) 112 (22) 106 (21), 98 (25).

- 2ya,N- tr1pheny1n1trone ’

PR
e

N- pheny]benzophenone ketoxime was synthes1zed accord1ng to- Johnson]2

‘and Aur1oh]3.

mp.(recrysta111zed from ethano1-water) 222-224° (L1t 223-
' '225°]2) uv max (ethaho1) 311 y (e11,000); uv max (aceton1tr11e) 312 my
(e11 400) and 230 m p(e15 300); ms (70 eV) m/e (relative 1ntens1ty)
273-( ,v100),.272a(32), 257 (60), 180 (64)5 105 (45), 91 (90), 77‘(40),
a-(4-methoxypheny1)-a,N-diphenylnitrone -

14
e

4'Methoxybenzophericm—:~""hde‘azon (4 0 g) 10 g silver. oxide and

.5 g magnesium su]fate were stirred at room temperature for 1 1/2 hourse

~in 125 ml petro]eum ether 15 The purple so]ut1on was f11tered and the -
~solvent was removed by rotary evaporat1on To the 2.7 g of o11y purp]edv

' crystals (p-me’choxyd1pheny]d1azomethane)]6

in 100 ml petroleum ether and

25 ml  ether was added 1.0 g nitrobenzene' ‘Gas was evolved ahd the -
solutioh turned ye]]ow. The wh1te prec1p1tate formed was co]]ected and

: washed With pétro]eum ether. Yield 1.83 g. mp 123-140°. Recrysta111zat1on'
from'ethano1;water (50 ml:200 ml)‘yie]ded 1.72 g. mp 128- 146°; uv max
(aceton1tr11e) 318 mu(514 100) and 262 mu (e]] 600), ir (CC14) 3060, 2950

» 2849 1601 1510 1440 ]2@8 1175, 1037, 956 and 690 cm ], ms (70 eV)-
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| m[g.(relative intensity).303-(f4),'287 (68), 286 (25) 225 (11) 212 (20),
.210 (44), 180 (24) 135 (100), 105 (63), 77 (44)

The w1de melting range is caused by the presence of two isomers. The

NMR spectrum (CC] ) shows w1de1y spread aromatic hydrogens centered at
86.9 (m, 14).f Two methoxy peaks appear at 6366 and 376 with areas of
1.3 and 1. 7 respect1ve1y The lower field peak is probab]y due to the
methoxy group on the pheny]yéroupjrggs_td thefnitrone oxygen. A similar

:observation has been made by'others 17

4- N1trod1pheny1d1azomethane (2. 98 g) synthes1zed according to Hutte1]5 _

“and 136 g n1trosobenzene] were p]aced in 2. ml ether and 2 ml petro]eum
ether in a test tube. As the m1xture was stirred, gas was evo]ved and

_ the red co]or of the solution d1sappeared 1eav1ng a ye]]ow prec1p1tate

The prec1p1tate was co]]ected on a Hirsch funnel and washed with petro]eum
ether. Yield 240 mg. - mp 70-80°. Recrysta111zed from ether-petro]eum»
ether. mp 78-82°. uv max - (acetonitrile) 361 mu (10,300), 300 '.‘_1'14
(sh,e12,700), and 253 _m_'u("ew,soo)‘; ms (70 eV) m/e (relative intensity)
.3_18 (M} 28), 302,(55), 272 (50),{7255'(32), 225 (28), 195 (32), 180 (43);
]50:(49)’ 120 (35), ]OS (100), 77 (72). Anal. Calcd for_C]9H14N203 B
c, 71. 70h H, ‘4 40- N, 8?81v Found c, 71 75 H, 4 81; N, 8.46.

a- (4 bromopheny])- a,N d1pheny1n1trone

1) 4- Bromobenzophenonehydrazone

4- Bromobenzophenone (14 4 q) (synthes1zed by react1on to bromo-
benzene with benzoy]ch]or1de in the presence of a]um1num ch10r1de)]8
- 17 ml 85% hydra21ne hydrate and 150 ml abso]ute methano] were placed in "v

"‘a 250:m1 standard taper-round.bottomed flask. The flask was equ1pped ;“



with a'sexhlet'entractor containing a thimble with 20 g of calcium oxide,
a condenser and neating mantie. The so]uffon was refluxed for.20 hours.
'The efhano1 was remoVed bx rotary evaporation, yie]ding an oil which .
dso]idified on standing at 0°. The solid was collected, washed with

petroleum ether and air dried. }Yié]d 9.16 g. mp 74-80°.19

2) Reaction.of'4-bromodipnenyIdiezomethane with nitrosobenzene;
Zl»-_fBr‘omob.e_anzbphenonehydrazone.l9 (3.26 g) and 7.4 gnsilver oxide were
stirred for 4 hours in 10 ml petroleum_ethen.'_The purple so]dtidn wes
fi1tered end the solvent removed by nOtary:eVabonation; There appeared

. to be a mixture of purnle 4-bromediphény]diaZOmethane and.traces of

nunFEaeted hydrazone. - 80 ml of 2:1 petroleum ether- ether solut1on were

~ added and the purp]e solut1on decanted from the white prec1p1tate
.82 g n1trosobenzene]wasv added to the solution of 4-bromod1pheny1-

;,diazomethane ‘After gas evolution was complete, the white precipitate

was collected and washed with petroleum ether P f": mp 180- -181°.

Tota] yield 1. 03 g. uv max (aceton1tr11e) 316 mu (e13 300) and 244 ‘my
(€17, 300), ms (70 eV) _[__(re]at1ve 1ntens1ty) 353 (51), 352 (15) 351
(59) 337 (94) 335 (100) 260 (30) 258 (25) 185-(41),.183 (42),
" (21), 131 (38), 105 (56), 77 (25). | |

N- (4 n1tropheny1)-a,a -d1pheny1n1trone

20

4- N1tron1trosobenzene( 69 g) synthes1zed accord1ng to Ashaey and Berg™" -

i and .66 g d1pheny1d1azomethane21

in 50 m1 ether were stirred oyern1ght.7
Thé_ye]ldw precipitate was collected and washed with peﬁro1eum>ether.

" Yield .37 g. mp.180-185°; uv mex (acetonitrile) 350 my (sh,e 6850),

v300 m u(e12,800) and 249 m 1 (c16,700); ms (70 eV)'m/e (relative intensity)

318 (M+ 16) 302 (10) 225 (8) 182 (6), 105 (100) 77 (40) - Anal. Caled

38

for C19H]4N203 C, 71. 70 H, 4. 40 N, 8.81. Found C, 71.40; H, 4. 54 N 8.91.




39

N;(4—anisyi)-a;a;dipheny1nitrone | | o
' 4;Methoxynitrosobenzenezz”(.60 g) and .72 ¢ aipheny1dia20methane2]
- were combihed in 40 ml petroleum ether. After thezgas evo]ution ceased,

the wh1te prec1p1tate was collected and washed with petroleum ether.

Yield .93 g. Recrysta111zed from ethanol-water. Yield. .84 g. mp 178 179°.
S UV max (aceton1tr11e)v313 muv(e19,300) and 238 my (£28,100); ms‘(70 eV)
J_fm[g.(relativelintensity) 303 (Mtvz),_287.(49), 272 (30), 210 (38),1]82 (1),
167 (20), 141 (21) '115'(18) 105 (30),.92 (27), 77}(100). :Aggi,Ca]cd for

CaohyrN0g: €. 79. 215 H, 5.61: N, 4.62. Found: C, 78.97; H, 5.45; N, 4.64.

-14 bromopheny])-a,N d1pheny1n1trone

: 4 Bromon1trosobenzene (0 86 g) (synthes1zed according to M1JS ) was
p]aced in 100 m] ether and 0.41 g d1pheny]d1azomethane2] was added port1on-'
‘ste with stirring. After the gas evolution ceased the so]ut1on was |

‘ p1aced ih a'refrigerator_pvernlght. The ye]]ow-crysta]s were co]]ected;
“YieId.O.ZQ g. mp 170-174°. Concentration of the ethereal‘filtrate_te._
25 m and addition of 25 ml petro]eum”ether afforded an additional 0;30%9

Lomp 172~T}4°5 Total yield 0. 59 g. mp (recrysta1]1zed from benzene-

. petro1eum ether) 175—17Z°. uv max (aceton1tr11e) 313 my (12, 300) and.

.'239 h u(eZOEhOO); ir (CC14) 3060 (C-H) 1482, 1470, 1435, 1238 1066

1011, 957, 850, 822 698, 685 ms (70 eV) m _[__(re]at1ve 1ntens1ty) 353
”: (23) 351 (24) 337 (25) 335 (22) 260 (30) 258 (30), 182_(15), 180-(12),

N (100), 169 (95)’,165 (50), ‘157 (21), 155 (32), 105 (50); 90 (35) 77 . (60).



a,o~Fluorenyl-N-phenylnitrone

1) Fluorenone hydr,'azonez3

Fluorenone (0.8 g), 15 ml 85% hydrazine hydrate and 75 ml of ethanol
were heated tO;reflux overnight. The solution was cooled and the pre-
.‘cipitate was collected. Yield. 10.2 g. |

2) Reactﬁon of 9-diazofluorene with nitrosobenzene

F1uorenoneﬂhydra20ne (3.57 g) and 4QO g silver oxide in 50 ml

1petrq1eum ether and 50 ml ether:wére‘stirred togéther for 4 hours. The

: red-so]utioh'waé filtered and 1.75 g:nitrosobehzene]ewas.added to the
'fi]frate and stirred_for’12 hours. - The yellow precipitate Wés fi]teréd\
‘and washed with petroleum ether. Yield 2.85 g. mp 192-195° (Lit. 194.5-
196.5'2); uy max (acetonitrile) 355 ms (24,200), 343 ms (sh,c18,600),
270 m (sh, €17,600), 263 my (<20,900) and 239 my (c4,800); ms (70 eV)

 m/e (relative intensity) 271 (M*,100), 270 (77), 255 (25), 254 (22),

180 (18), 91 (19). D o

a;(4-mefhoxypheny1)~dﬁ(4-n1tropheny1)-N4pheny1hitrone

‘ 4-Methoxy-p'?hftkbbenzophénone‘hydrezone24 (.70 g); 3.45 g.silverg'-
- oxide, 50 ml ether ahd 25 m] pétfq]eum ether were stirred for one hour. '
" The red}sb]ution was fi1teréd and .46 Q nitrosobenzene] weké'added to the
:501Utioh. Gas was evolved and the resulting precipitate was coITected:'

" and washed with petroleum ether. Yield .31 g. mp 165-170°; uv max

~(acetonitrile) 368 mu (€9,200), 304 my (sh,e 11,300), 287 my (sh,e12,2003,

258 m 1 (e15,600) and 221 m y(e18,200).

N?(4-ani§y1)4a-(4-nitropheny1)-afpheny1nitrone"

| 4-Méthoxynitrosoben2ene (.75 g) synthesized according to Rising

25

40



15 yere placed in

-and .69'g:fresh1y prepared 4-nitrodiphenytdiazomethane
30 m petroleuﬁeetﬁer. Bubb]es were:evo1ved and‘the'red sb1ution turned

| brqﬁﬁ;"After stirring for one hour, the yellow precipitate which was | |

. forméd was collected. Yield .51 g. mp 154-164°. The compoundtwas‘photo-'_
sensitive. Recrysta]]iZation from ethanol-water did not change the wide'
melting poﬁnt; This is consistent‘With the presence of cis- and'tréﬂéf
isomers as found in the ease'of the 3-(44methoxypheny1);2,3¥dibheny1nitfone

,uv'maxv(acetonitrile)'3sa‘m'u(59i50), 304 mu (sh,e 11,300), 2é7 my (sh,

; e]2;200), 258 mu(a]S,GOO),_ZZT mu (¢18,230); ms (70 eV) m/e (relative

* intensity) 348 (M} 43), 332'(38),'318 (10), 317 (12), 270 (33), 227 (36),
225 (56), 210 (35), 198 (32), 150 (16), 139 (21), 123 (18), 120 (20),

112 (88), 105 (100), 83 (40), 77 (40). o

: a-cyc1ohexy1 N pheny1n1trone

Cyc]ohexy]carboxa]dehyde (.98 g) and 1. 05 g phenylhydroxy]am1ne] ‘
(and about .5g¢ anhydrous calcium sulfate) were p]aced in 20 ml of ether.
The solution was refluxed overn1ght. - The cooled solution was_f11tered N
and the CaTcdum su1fate Wasdwashed with 20 ml.of acetdne The so]vehtf
from the comb1ned golutions were removed by rotary evaporat1on Some i
of the remaining oil crysta111zed upon stand1ng for 3 weeks Y1e1dr.]9§ g.
mP;112°,3uv maxe(.aceton1tr11e) 243 my (e1§,700);.ms (70 eV)_ng |
'(relative intensity) 203 (M, 38), 148 (4), 119 (10), 9 (10), 93,(100);,d'
2 (3), 91 (3), 8 (30), 77.(8). -

o~ pheny] N-methy1n1trone26'

Methy]hydroxy]am1nehydroch10r1de (1 09 g) in 5 m] of water and 1. 32 g

benza]dehyde.1n 15 ml 2N sodium hydrox1de.solut1on were ‘stirred thether

for 10 minutes. The solution was extracted four times with 50 ml EhldrdfOrm;:'
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The chloroform solut1on was dr1ed over . anhydrous magne51um sulfate. The
..solvent was removed under reduced pressure. The;resu1t1ng o11»crysta11j2ed'
von standing; Recrystallized from 1:1 benzenefpetro1eum ether (30°-60°).
Yield 1.10 g (65%). mp 90-91°.. ms (70 eV) mlg;(reTative intensity) 135
M*,80) 134>(7o), 120 (38), 106 (30), 105 (98), 77 (100).

,i}henzoyl'a N diphenylnitrone

1) Desyl pyr1d1m1um ch]omde27

Desy] ch]or1de (4.53 g) and 4 ml pyr1d1ne were p]aced in 25 cc -
of benzene. The so]ut1on sat for one month 1n a dess1cator conta1n1ng
cDrierite. The wh1te crystals formed were washed w1th benzene and petroleum
ether. Yield 6.04 g. mp 130°. |

2) ‘Reaction of'desy1'byridinium chloride with nitrosobenZene.

Desyl pyridimium chloride (2.0'9) and 19 of ndtrosobenzene‘werev
pTaced'in 25'm1 of ethano1 thch was heated to 40°. 2Nisod1um carbonate:
was added»drOpWise‘Unti]vthe'so]ution was'no 1onger red. The solution
wasediluted w{th 75 m1'waterb The tan orecipitatevwas collected and -
washed with petro]eum ether. Yieid 1.02 g. mp. 155- 157° (L1t 157°28)
ms (70 ev) m/e (re]at1ve 1ntens1ty) 301 (21) 300 (6), 285. (2), 197 (3),;_
v_]96 (14) 181 (16), 180 (100) 168 (5),.]65 (5)"9].(]9)’ 77 (25).

: -methyl a,N- d;pheny}n1trone ‘

Acetophenone hydrazone (2 39 g) (synthes1zed according to. Lock
| and Stach ) and 3.77 g silver ox1de were st1rred in 50 m1 petro]eum
fether for 5 hours ~The resu1t1ng red solut1on was filtered and treated

Avw1th sma]] port1ons of n1trosobenzene until gas evolut1on ‘ceased andlthe -

- red co]or d1eappeared The - resu1t1nq wh1te prec1p1tate was co]]ected

and washed w1th 3 x 25 m1 petroleum ether Yield 2.52 g. mp. 85- 89°

Recrystallization of petroleum ether mp 93-96°._ The mater1a1 appeared to :



be quite unstable at room'temperature occaSioﬁa]]y becbming a’thick7

oil. By wash1ng the crystals with petroleum ether- ether the impurities
:can'be removed. uv max (aceton1tr11e) 291 mu (€8, 800), jr (CC14) 3060 (C- H),
: ]590 (C C) 1535 , 1480, 1240 1173, 1160, 1070 695 688 643 cm 1;/

ms (70 eV) m/e (relative 1ntens1ty) 211 (M 27) 210 (8), 195 (1o0), 1941.
.(4) 180 (18), 169 (10) ]18 (7), 105 (8), 103 (11) 92 (12), 91 (100),

77 (46), 64 (8), 51 (10). NMR (CCl4) t7.47 (s, 3),1 2.9 (m, )5

‘a -cyano-o,N- d1pheny1n1trone

Theatand g isomers of a-cyano-a,N- d1pheny1n1trone were synthes1zed by

30

" the reaction of a= ch]orobenzon1tr11e and n1trosobenzene in base following

the synthes1s of Barrows ‘and Thorneycraft3]

. o -isomer mp‘165-170° (L1t 170

031) |

B-1somer-mp 141-143° (L1t 143°



ANILIDES

a4

" The following ani]idés'were prepared'for comparison with the pro-

ducts from the therma]lrearrangements of di- and triaryloxaziridines.

~ They were prepared by the general method of Shriner, Fuson and Curtin™“,

32

f‘gxcept:that chloroform was generally used as the reaction solvent instead

of benzene.

4-nitrobeniani1ide-
_4-methoxybenzanilide
‘4—ch10robénzanj]ide,

'n4';methokybenzan11ide

- 4'amethy1benzénilide'

4'-chlorobenzahi11de 

4'-nitrbbenzahi1ide

- 4'-phenylbenzanilide
-benzodeiphEhylamine,

: 4-anisoy1dipheny1amine "

 4-nitrobenzoyldiphenylamine

u benzoy]-:4¥nitrodiphény1amine

41

. mp

mp
mp

" p
mp
mp

mp
mp

mp
mp-

mp

215-216°
172-173°

199-200°
157.5-158°
158-158.3°

191-192°

201-201.3°
234-235°
177-179°
130-133°
157-158°
126;>'

(Lit. 214°)

(Lit. 153-154°

C(Lit. 180°
(Lit. 139-140°

(Lit. 129°

33

(Lit. 168°)%

35

(Lit. 199-199.5°)
)36
(Lit. 158°)%7

(Lit. 192°)32

(Lit. 199°)38

(Lit. 227-228°)39

)4oa

(Lit. 156-157°)30P

)41



‘ SYNTHESIS OF DIARYL AND TRIARYLOXAZIRIDINES

_jUnstab]e Subst1tuted 2,3- d1pheny10xaz1r1d1ne |

Thevdtary1oxaz1r1d1nes were prepared by 1rradiatdnq'the corresponding
: diary]nitrone 42 They were character1zed by their ultraviolet spectra,‘
active oxygen their production from n1trones, and the1r rearrangement
products. Exper1menta1 deta11s are given be]ow. ‘ -
| U]traV1o1et spectra: Knoun concentrations of c:-a"10'4 M‘nitrone
so]ut1ons inal cm quartz ce]] were 1rrad1ated for about one m1nute w1th

two General Electric Photo DBX photospots placed about 4 -inches on e1ther

- side of the ce]] "The cell was- coo]ed in a Pyrex beaker of ice water

Irrad1at1on was cont1nued until no further change in the spectrum occurred.

Ext1nct1on coeff1c1ents were ca1cu1ated assum1ng quant1tat1ve conversion
of the n1trone to the oxaz1r1d1ne Measurements were taken on a Cary_ |
Model 14- spectrometer | |
Active oxygen content;43 (See the Kinettc Experimenta1~section for.

+ irradiation procedure). 1 ml‘of'Saturated potassium iodide solution
and 0.5 ml g]acjaljacettc acid wereup1aced.in the bottom of a<125 ml |

ErTenmeyer.flask.‘ To this»is added 10 m1 of an_ethanol or‘acetOnftri]e
:Asolution contaﬁning’z 10 mg of the-oraziridine The solution is swirled'
. for a few seconds and dt]uted to 75 ml w1th water 1T ml of starch

44

:so1ut1on is added and . the so]ut1on is t1trated to c1earness with 01 N

a4

nsodiumfthdosulfate solution.** The d1aryloxaz1r1dgnes react a1most

immediately in all. cases.

45 |



unsubstituted
3-(4-methoxy)

3-(4-nitro)

3-(4-dimethylamino)

~ 3-(4-chloro)
3-(3-nitro)
2-(4-methyl)

2-(4-chloro)

2-(3-fluoro) .
2-(4-bromo)
2- (4-phenyl)

3-(2,6-dichloro)

- 3-( &phenyl-
butad1enyl) 2~
phenyloxaz1r1d1ne

3-(4-dimethyl -
~ aminocinnamyl )-2-
phenyloxaziridine

uy_max (mu)

~ 222 (ethanol) (¢13,600)

219 (acetonitrile) (¢13,600)

237.5 (acetonitrile) (¢23,300)
238 (ethanol) (e23,200).
268 (acetonitrile) (c14,000)
266 (ethanol (¢11,800)

275 (acetonitrile) (¢26,000)

450 (acetonitrile) (sh, €1,300)
229 (ethanol) (€19,000) -
248 (ethanol) (sh, e~14,000)

end absorpt1on at 230
(aceton1tr1]e) (s12 680)

279 (sh, €2 ,380)

262 (sh, €3 360)
255 (sh, €3,920)

221 tethanol) (€15,600)
. 231 (ethanol) (€10,000)

239 (acetonitrile) (e18,500)

265 (acetonitrile) (e24,900)

end absorption at 220
(acetonitrile) (15, 000)

280 (sh,e1,930)
271 (sh,52,360),.

o 292 (aceton1tr11e (e40 300)

236 (€12, 800)

1228 (€17,600)

222 (€18,200)

1380 (aceton1tr11e) (512 700)',
“314 (€17,700)

238 (€13,200)
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Active Oxygen

100% -
_100%

| .1@0%:,'
oy
foo%

100%
50%

96%
100%
100%

71%

100%
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Isolation of Stable Diahy] and Triaryloxaziridines -

The stable oxaziridines were formed by irradiation of 30-80 mg of i
the corhespOnding nitrone in 100 ml of redistilled methy]enevch1oride.
'Unless'otheFWise.stated, the irradiations were done in a water-cooled
photochemica]limmersion apparatus of 100 m]}capacity equipped with a .
450-watt Hanovta high-oressuhe mercury 1amp,‘PyheX filter, and.aé.magnetic
st1rrer and an a1r bubb]er (for more comp]ete stirring). It was found
that use of n1trogen gas 1ed to ]ess oxaziridine format1on and a
darken1ng of the reaction m1xture The irradiation times listed 1no1ude '
the warm up t1me for the mercury 1amp (ca 1 1/2 min.), When the 1ampvis
‘fnot at fu]] 1ntens1ty , | | |

The act1ve ‘oxygen contents were measured in the same way as. the
unstab]e d1aryloxaz1r1d1nes However, it was found that 1n the tr1ary1-
oXaz1r1d1nes the solut1on had to be heated for about f1ve m1nutes at |
| 50 60° before comp]ete 1od1ne 11berat1on occurred |

2-(4- gyanopheny]) 3 pheny]oxaz1r1d1ne

A so]ut1on of 46.1 mg N-(4- cyanOpheny1)-a~pheny1n1trone in 100 ml
methylene ch]or1de was 1rrad1ated for 3 minutes. The_solvent was,removed
. and the crysta]s co]]ected mp 82-84°. uv max (acetonitri]e)'252 mu

(e19 500), 272 (sh,e7 200); ir (CC] ) 3065 (C H) 3035 (C-H), 2230 (c= N),v
;1500, 1490, 1457 1407, 1390, 1310,.1203, 1147, 862, 825, 690 cm 1;

active oxygen_98%; ms (70 eV)vm[g;(reIat1ve 1ntens1ty) 222; (M7,5),

206 (30), 152 (18), 118 (55)"106 (55), 165 (80), 91 (33) 90 (19) 77 (100),

51 (80). MR (cc14) 57.42 (m 9) and s4. 62 (s,])



2-(4- n1tropheny1) 3epheny1oxaziridine |
| A solution of 54 mg of N- (4 n1tropheny1)-a -phenylnitrone in 70 m]
:methy1ene ch10r1de was p]aced.1n a water-cooled 1 cm Pyrex_"10111pop" of
70 ml capacity. The‘so1ution was irradiated-for 3 minutes.with two
: GE-DBX pnotoSpots piaced 4 inches on either side‘of the cell. _The 3
' so]ution was'then'placed in a 200 ml flask and the solvent removed by
rotarjievaporation at'rOom temperature.._The remaining orangish erystals
were‘dissolved in 2 ml methy]ene chloride. Petroleum ether (10 ml) was.
added until the solution became opaque and the so]ution_Wasrthenostored '
at-O?C: After several hours, an,orangish:crystajline materia],precipitated
ﬁfrom the solution. Co]]ection.on a sintered glass funnel and.Wasning S
with petroleum ether y1e]ded 46 mg of crysta]s mp 95 102° uv max
‘fu(aceton1tr11e) 290 my (e12, 600), active oxygen 94%; ir (CC14) 1588

1520, 1340, 1252 1105, 868 and 690 cm ]. ms (70 eV) m[__(re]at1ve
v 1ntens1ty) 242 (M ,5), 226 (58), 225 (22) 196 (19) 179 (15) 138 (23),
106 (70), 105 (80), 77 (100). o

'; 3 styry] 2-phenyloxaz1r1d1ne |

i A so]ut1on of 65 mg a-styryl N- pheny1n1trone in 100 ml methy]ene
f;chlor1de was 1rrad1ated for 3 minutes with n1trogen bubbling. The .
so]ut1on was 1mmed1ate]y transferred to a 500 ml flask After two
freeze dry cyc]es, the so]vent was vacuum transferred off. Total t1me was
'about one hour and the ma X imum temperature of the solut1on was about »
-10°C. There ‘remained off-whnte_crysta]s.‘ mp 62-64°. Act1ve oxygen 78%.
 .The crysta]s could also be obtained by stripping of the eo1vent'of}a; |
.‘rotaryvevaporator at Tow temperature. Etnanol or carbon tetrachloride aS:

~ solvent gﬁves a brown oil. }uv max (heptane) 256 mu, (acetonitriTe)éGO mp
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- (£26,800); ir (CC14)'6.78, 6.94, 7.21,'10.39 and'14.50'microns; NMR
(cC1,) 4.30 (d, 1, J=8cps), 6.05 (q; 1, J=7 and 16 cps), 6.98 (d
._gflé_cpS) and &713 (m, 10); ms (70 ev) m[g_(re]at1ve 1ntens1ty) 233 (
8), 207 (20);'206 (30), 132 (80), 131 (70), 104 (57), 103 (65),_77 (100)
The meteria] is quite unstab]e, decdmposing to a dark oil after two hours
at room temperature However,vit cah be kept for several weeks at dry
ice temperatuke Because of the instability, the mass spectral pattern )
* R

4 (taken at 80°) is probab]y not that of the pure compound.

,Tr1phenyloxaz1r1d1ne

A solution of 67 mg a,a, N tr1pheny1n1trone 1n 100 m] methy]ene

: ch10r1de was irradiated for 4 1/2 minutes. After{so]vent removal on a °
rotary,evaporator-at room temperature, 67 mg (100%5 of a cream-colored +
crystal was iselated. mp'125§ (The me1ting_point wes difficult to
determine because the material melted and resolfdified'and then remelted
at 150-160° (presumably 1mpdre Benzoy]diphenyfamine) ){’uv (acetonitri]e)“
_‘oniy end absorption with €12,400 at 230 mu, 273 mu (sh e 1,890), and |
266 mu (sh,'52,700); act1ve oxygen 99%; ir (CC] ) 360 (C-H), 3030 (C-H),
1449 , 1245, 1070, 945 and 690 cm”!
273 (M*,5), 257 (1.6), 182 (32), 180 (9), 152 (5), 106 (11), 105 (100),
93,(16), 91" (12), 77 (100), 61 (75), 56 (25). Anal.Calcd for CigstNO
"C,:83.52;‘H;'5.50; N, 5.13. Found: C, 83.52g.H, 5.65; N, 5.47.

; ms (70 eV) m/e (relative 1nten$1ty)
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Two reasonable structures can be drawn for the nitrone photoproduct,

~.one an oxaziridine structure (I) and the other an 1soxazole (I1). The

oxaz1r1d1ne structure (I) is favored for three reasons F1rst, in analogy

A _' A
pC=C-C—N-p ﬂ-C\h_JN-ﬂ
(0 - S an

with other' n1trones, an oxaziridine would be the expected photoproduct
~from 1rrad1at1on of the N-pheny]-a-styry1n1trone Second the uv spectra
favors theloxaziridine strUcture. The long wave]ength absorption of the |
photoproduct‘at 260 mp'(in acetonitrtle,iSZZ,OOO);is'typical of a
substituted styryl residue (styrene‘max‘244'mg). ,Onythe.other‘hand,
Zthe'isoxa201e structure (I1) would not be ekpected to show'any long'v
wavelength absorpt1on s1nce it conta1ns no 1ong conJugated system

Finally, in the NMR spectra there are four nonaromat1c hydrogen resonances,‘

.- a doublet at T5 70 (J=8 cps), a quartet at 13 95 (J—8 and 16 cps)s and 2

;_doublet at 13.02»(9;.16 cps) of re1atdye areas 1.1,1. The_doub]et at
' TS.?OViSVCOnsistent?with an oxazirid%ne ring‘proton invanaiogy with other
onaziridine»systems%that haye been fnvestigated'~(3 phenylez-tebutyl-
oxaz1r1d1ne,15 49; 3- -p- n1trophenyT -2-t- buty]oxaz1r1d1ne,r 5 123 2- (p-_.
' cyanopheny]) 3- pheny]oxa21r1d1ne, 5. 38.) L1kew1se, the other two
resonances are cons1stent w1th a trans- styry] mo1ety (a H 3. 31 tgag§;
g- H 4. 27 for styrene ) | B

On the other hand, 1t is d1ff1cu1t to rationalize the observed resonances
with an jsoxazole structure ' In add1t1on th1s photoproduct has. a h1gh
aCtive oxygen content. Isoxazoles have not been reported to be strongly

oxidizing compounds while oxaziridines are very strong ox1d1zers.



2- (4-bromophenyl)-3,3-diphenyloxaziridine |
- N- (4 bromopheny1)-a, a—d1pheny1n1trone (47.7 mg) were irradieted for
'3 minutes in 100 ml methy]ene chloride. The solvent was removed under
Hdrotary‘evaporation. An o0il was obtained which sol1d1f1ed upon cooling
with dry ice. Yieid 28. 4 mg (60%). mp 88-89°; active oxygen 95%; |
- uv (acetonitrile) on1y end absorption, shoulder at 250 mu(e14 600), ir N
3060 (C-H), 1477, 1447, 1265, 1070, 1008, 946, 830 and 696 cm ], ms (70 eV)
/e (relative intensity) 353 (M+;7), 351 (7), 337 (11), 335 (15), 260
v',x(s); 258 (8), 182 (60), 173»(18), n (18), 105 (100), 77 (46).

3- (4 nitrophenyl)2,3-diphenyloxaziridine

a-(4- n1tropheny1)-a N d1pheny1n1trone (58 4 mg) were 1rrad1ated for

3 m1nutes in 100 m1 methylene ch]ortde. The solvent was removed'by rotary

' evaporat1on at room temperature The 0i1 was fakeh up in a sma11 amounf
of methy]ene ch10r1de and petro]eum ether and the solut1on was stored at .
0°C. As the so]vent evaporated, yellow crystals formed. These crysta]s |
were co]]ected and washed with petroleum ether. Yield 12;3.mg”(21%){

mp 106-109°;‘ActiVe oxygen 98%; uv max (acetdnitrile) 267‘mﬁ (¢14,500);
vﬁs,(70eV);mig_(re1ative intensity) 318 (M ]00) 302 (10), 227 (35),

225 (16), 150 (36), 105‘(47) 93 ( ), 77 an).

3-(4-ahisyl)- -2,3- d1pheny1oxaz1r1d1ne ,

A so]ut1on of 127 mg: a—an1sy1-a,N d1pheny1n1trone 1n 100 m]
methylene ch]or1de were 1rrad1ated for 5 m1nutes ,The solvent was

removed by rotary evaporat1on and the resu1t1ng.o11 was'redisso]ved jh'a _

. minimum amount of petroleum ether. The solution sat at 0° for several weeks,‘
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" A white preCipifate crystallized out. Yield 92.9 mg (73%). mp 103-106°.

~Active oxygen 96%; uv max (acetonitrile) 234 mﬁ (820;900); ir-(CCT4)
3065 (C-H), 2960 (C-H), 2837 (C-H), 1608 (C=C), 1510, 1250, 1172, 1038,

974 and 690 cm™'; ms (70 eV) m/e (relative intensity) 303 (M',1.5),

| 287 (2.3), 273 (9), 257 (3), 212 (24) 182 (11), 180 (13), 135 (80),

- 105 (70), 93 (26) 92 (21) 91 (5), 77 (100), 51 (55) | |

A so]ut1on of 61.4 mg N- pheny]fluoreny]ketox1me in 70 ml methylene
. chloride was irradiated in a water-cooled .1 cm Pyrex "10111pop? of 70 m]
capacity; 'The'irradiatidn was perfermed'by 2 GE-DBX’photospOts placed-

4 inches‘oﬁ-either side of the cell. 'After 25 mihutes;.the nitrone:was~
veomp]etely irfadiated The solvent was removed by rotary evaporat1on

'at 1ow temperature (~¢0°C) The oily" mater1a1 was run through a 2“ X 1/4"
| superce] co]umn eluting with 3:1 petro]eum ether-methylene chloride.
: After remov1ng the solvent and refr1gerat1ng, 34.9 mg of a ye110w1sh
| chysta] were. obtained. mp 102-104°; uv max (aceton1tr11e) 296 mu @ 8 300)
283 my; ((d0,900), 272 my( € 11,500), 243 mL1@251 ,000), 237 nlm@44 600);
ir (CC14) 3067 (C- H) 1612 (C= C) 1590 (C=C), 1483, 1450, 1322, 930‘andv

1, (no fluorenone carbony] (1713 cm'])'nor nitrone N40 (1260 cmf1));

690 cm
ms (70 eV) m/e (relative intensity) 211 (M 32) 276 (29) 255(9) 180_(100),

’~ 152 (25), 151 16), %3 (16).

| 3 {4- bromopheny]) 2,3~ d1pheny]oxaz1r1d1ne v

A so]ut1on of 51 mg Of'a*(4 bromopheny1)«x, -d1pheny1n1trone in 100 ml
‘methylene ch]or1de was 1rrad1ated for 5 minutes. The so]vent was removed

eby rotary evaporat1on 1eav1ng a dark 011 which part1a11y so]1d1f1ed at
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:.er ice temperature. uv max (acetonitrile) 228vmu (e23,300); active oxygen

HlOO%. (After 4 days in acetohitri]e at room temperature the active oxygen
was 91%). ms (70 eV) m/e (relative intensity) 353.(Mt56), 352 (15), 351
(58), 337 (96), 335 (100), 260 (30), 258 (25),,]85 (41), 183 -(42), 131

- (38), 105 (56), 77 (25). |

A solution of 50 mg of N-(4- n1tropheny1) -050s -d1pheny1nxtrone in

.70 ml of methylene chloride was p]aced in a water-cooled 1 cm Pyrex |
- "lollipop" of 70 m1.capaci¢y. The solution was 1rradia£ed for 70 seconds
- with two GE-DBX photospots p]aced 4 inches on either side of’tﬁe cell. |
Thé_So]veﬁtfwas then remdved by rotary evaporation at room temperature.
, The“resulting'grystals were recrySta1lizedvffom.1 m]-methylene'chloride4
and 10 ml petro}eum ether at 0°C“1-Co11é¢tion of fhe resulting orahgév:
.precipitate resulted in a yield of 41 mg of crystalline product. mp 110~ -
v'”115°; uv max (acetonjtriie) 257 mu(c16,200); active oxygen 94%; ms (70 éV)}
/e (relative intensity) 318 (0} 1), 302 (2), 182 (40), 181 (9), 152 (7), |
138 16):'106 (14), 105 (100), 77 (93). |

_'3-methyl-2, ,3- d1pheny1oxaz1r1d1ne

A so]ut1on of freshly prepared a~methy1-a,N d1pheny1n1trone was
irﬁadiated for 3 minqtes in methylene ch]oride. The solvent was
‘removed by_rofary evaporation at Tow temperature. A dark 0{1 remained.;
: .?uv  only end absorption at 230 my (£9,400) (acetonitfi]e); ir (CC14)‘3015,'
2950, 1588, 1480,_1444, 1372, 1300, 1252, 1058, 1022, and 688 el
ms (70 ev) m[é_(re]ative intensity) 211 (M+,16), 198 (7), 195 (42), 180 (75),
120 (19), 105 (100), 93 (63), 91 (12), 77 (86), 51 (14); active oxygen 100%;
NMR‘(CC14) (see section on NMR) after equilibration,s 7.1 (m, 10)5 1.95 (S,m])

and §1.57 (s, 2).
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REARRANGEMENT OF DIARYL AND TRIARYLOXAZIRIDINES

Kinetic Procedure
The di- and trjary]oxaziridines proved tofbe very obliging systems

for kinetic study. Irradiation of the corresponding nitrone produced -

the oxaziridines’in high yield and the oxaziridine rearrangement was

vboth-c]earTy first-order and quite reproducible. The general kinetic .

procedure used is described be'low42

~ 30-70 mg of the correspondlng nitrone was d1sso1ved in approx1mate1y

75.m1 of acetonitrile. The solution was placed in a water-cooled Pyrex

immersion apparatus of 100 ml capacity equippedZWith a 450-watt Hanovia

‘high-pressure mercury lamp, a magnetic'stirrer and an air or nitrogen =

bubbler (for more comb]ete stirring) The' so]ut1on was 1rrad1ated for.
4 to 5 minutes and then. transferred to a 100 ml volumetric flask. The;;

solution was then d11uted to. 100 ml with aceton1tr11e and the vo]umetr1c

~ flask was pJaced in 25.00° + .01° constant temperature bath At var1ous

1ntervals 10 ml a11quots were p1petted out and delivered into a 200 m]

s

“erlenmeyer flask containing 1 ml saturated pota551um ]od1de and 1/2 m]-

| glacial'acetic acid. 'After'swir1ing for a'few seconds to Tiberate the j'

1od1ne 50 m1 vater was added and the so]ut1on was t1trated to a starch—-
jodide endpo1nt with O 01 N sodium th1osu1fate so]utwn43 4
- 8 to 9 points were taken during a run, and the runs were'generaliy:-

followed for 2 to 3 half-lives. First—order[rate_constants were obtatnedf

- from least square fits calculated using the LSKIN 1 program of DeTars.” 46

In the oaée of'the compound with N-(4- n1tropheny1) or N (4- b1pheny1y1)

groups, the oxa71r1d1nes themse]ves were found to bé photosens1t1ve To'

prevtnt irradiation of the oxaziridines, the 1rrau1at1ons yere performed in

'”a.1,cm pathlength, water-jacketed Pyrex cell of 70 ml capacity; Irradiation
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" was done for 5-15 minutes with tonGE-DBX photospots placed 4 inches on
either side.of the cell. | | -

Runs using ethanol asdso1vent were performed in a similar manner.
For the kinetics at different-temperatures, constant temperature,baths
- were used‘which were calibrated using NBS standardized thermometers. The
so]ut1ons at higher temperatures were a]]owed to equ111brate for 15 m1nutes
B before the first point was taken. Tests 1nd1cate that the flask is within |
1° of the equ1]1br1um temperature in 15 m1nutes

In the case of the kinetic run done in benzene, a modified procedure .
was used. After thevbenzene aliquot was:added to the KI-acetic acid miwture, :
‘ acetonitri]e'was'poured into the mixture until one phase resulted. After
swirling for'a few seconds,'sd il ofvwater was added and the sblution |
titrated to a staroh-iodide'endpoint with .01 N sodium thiosu]fate The
solution had to be st1rred qu1te rap1d1y since two’ phases were present |
dur1ng the titration. | | |

. For the trjary]oxaziridine.zavsimi1ar procedure was employed ewoept'

that ‘the squtionlof KI-aoetic acid and oxaziridine solution had to be
' heated for.5 minutes at 50-60°. before the iodine"1iberationdoccurred

The aceton1tr11e was reagent grade wh1ch was ref]uxed for severa1 days
'over ca]c1um hydr1de dist111ed and stored over mo]ecu]ar s1eves The.

thano] (abso]ute) was cont1nua11y'ref1uxed over anhydrous magnes1um

ethox1de and d1st111ed 1mmed1atedy before. use | »

To guard against the possibility that traces of acids on the wa]l of
the r&act1on vessel were catalyzing the decompos1t1on of the oxaz1r1d1nes,
: the fo]]ow1ng procedure was employed. The volumetr1c flasks were washed .
w1th soapy water rinsed and transferred 1nto an ethanol1c potass1um
hydroxide bath After s1tt1ng overn1ght the f]asks ‘were removed and

rinsed thorough]y with tap water and then d1st11]ed‘water and dried.



Kinetic Results -

"Run Compound . . 'solvent/  Amount of - Time of First Order
Number y '_(Qx§giridjh§) _ Temperéture'  ﬁ : 307$88n312 ulr?;?l?Sion ’ (§a¥84C222§?SF
D-61  2,3-diphenyl © acetonitrile/25° 528 4 478+ .2
D-62  2-(4-chlorophemyl)- . 836  31/2 . 5.59 + .2

3-phenyl : o B |
D-64 2,3-diphenyl. - " . M5 4 |  4.86 + .1
D-65 _2-(4-chlorophenyl)- w415 4 . 5.41+ .8
) 3-phenyl =~ - - v o | -
D-66  2-(4-methylphemyl)- " 502 4172 41.0 + 3
o 3-phenyl | o - j _ '

p-69 Mmoo . 50.4 4 42.6 + 2
D-70  2,3-diphemyl = . " L 461 5 4,45 + .1
D-71  2,3-diphemyl-gsD . " e 47.3 4 3.48 + .2
D-74  2,3-diphenyl 713 K- 5 57.0 + 1
D-75  2,3-diphenyl-u~D - e j28° 45.8 4 3.49 + .1
D-76  2,3-diphenyl | o /45°2 ~ 51.8 5 54.9 + 2

~ D-78 2,3-diphenyl-o-D S " /25° 45.8" 4 3.46 + .3
D-79 2-(3-fluorophenyl)- .~ S I VY| 4 1.43 + .03

- 3-pheny1 o o | o -
D-81  2,3-diphenyl ethanol/25° S s24 3 90.0-+ 4

99



D-82
D-83

- D-84

D-88
D-89
D-90

D-92

" D-95
D-97

D98

~D-99

D-100

E-36

E-37

E-47

2,3- diphenyl-a-D
2, 3- d1pheny1 _
2 3- d1phenyl-a-D

2;3—dipﬁény1_

2.3-diphenyl-o-D
72 (4-methy]pheny1)-
- 3- phenyl "

2-(3-f1uorophény1)-

~ 3-phenyl
2-(4- b1pheny1y1)-

3- pheny] .
2,3-diphenyl

2-(4-biphenylyl)-

3- pheny] _
2-(4- n1tropheny1)-

3- -phenyl -
3- (4-methoxypheny1)-< o

2-phenyl

3- (4- n1tropheny1)--

2-phenyl.

- 3-(4- ch]oropheny])-

2- pheny]

ethand1/25°

acetdnitrile/25°

‘ethano1/25°

‘\acetOnitrile/25° ,

90% acetonifriie

=29 water /25°f'
acetonitrile/25°

47.2
51.9
45.7 -
45.7

40.1

47.3
44.7

w03
-51.2
- 48.8
607

35.4

52.5

. 52.8

T N N S

31/2

S 31/2

1.34

70.3 + 3
83.4 + 3

. 88.0 +2
3.34

.2
1
3
2

82.1
80.4
41.1

[+ [+ 1+ |+ |

I+

02

58,7 +2

6.03 + .6

63.0 + 1

0.661 + .021

422+ .00

5.97 + .14

4,14 + .13
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. E-48
E73

F-5
F-15

F-18
F-19

F-24
F-25
F-26

F-29 -
F-32
F-37
F-01 .

F-42

F-43

3- (3 n1tr0pheny1)-'

2- pheny] .
2-(4- n1tropheny1)-'

3- pheny]

2 3,3- tr1pheny1
2-(4- cyanOphenyl)- :
‘3-phenyl- o

2,3-dipheny]

2-(4-bromopheny1)-

3-phenyl
3- (4-methoxypheny])-
2,3-diphenyl

2,3-diphenyl +
triethylamine = -
2,2,3-triphenyl

2,3-diphenyl.

-2-(4-ch10r6pheny1);.’

3-phenyl - v
2-(3-f1uoropheny1)¥

~ 3-phenyl -

'acetohitrilé/25°

/35°
/80°

/300
/250.

o J23°

ethaho1]255_':

- benzene/25°
‘ethano1/25°

89.9

63.4

56.5

- 43.8

61.1

- 57.7

50.2
55.6
67.6

70.0

69.5

55.7
48.6

o 61.3

W W S

W W

12
172

1/2

5.08 + .12

©0.524 + .009

0.344 + .0077

0.472 + .011

15.6 + 0.53
15.9 + 0.39
31.9 + 0.89
8.60 + 0.15

© 4.60 +..078
0.441 + .028

151 + 7.9

0.702 + .067

-1.36 + 054

596 + 26

611 + .10
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F-45A  2,3-diphenyli ethanol/25°

F-45B 2,3-diphenyl-a=D . K
F-47 - 2-(4- cyanopheny])- S
3-phenyl = S |
F-53 - 3,3- f1uoreny11d1ne--» acetonitri]e/25°“'
: o 2-pheny1 ; . o ’
F-61A  2,3-diphenyl - weo
F-61B - 2,3-diphenyl-o-D E
F-66  3-(4- d1methy1am1nopheny1)-: ' '".1
' " 2-phenyl |
F-67A  3-(4- n1tropheny1)- o "
S 2 -phenyl. L
F-678 -~ " .~ ethanol/25°
F-68 3- (4-methoxypheny1)- S
- '2—pheny1 S . ' S
G-15 = 2- (n1tropheny1) 2 3- acetohitrile/25° -
- d1pheny1 - ‘

48.0
49,9
53.
- 46.
58.8
54,2
- 60.5
47.

61.
58.4

54.

»3-1/2_;
S 3172
31/2

31/2

-3 1/2

1.09

68.2

748 % 0.73
73,5 % + 2

2.37 + .034

I+

4.23 + .03
3.24 + .088
3.7

[ B

6.09 + .19

146 + 4
193 + 5.7

aEqUi]ibrate 15 minutes at 45° before"the first-point taken.

b

After the 1rrad1at1on the so]ut1on was d11uted to 100 ml.

d

Exper1menta1 deta1ls are g1ven e]sewhere in the exper1menta] sect1on

Irradiated in 70 ml acetonitrile in a water-cooled 1 cm ce]] with two GE-DBX photospots, 20 cm apart

CThe so]ut1on was d1v1ded into two 50 ml fract1ons and separate kinetic measurements were taken on each

.0075
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rCa1cu1at1on of the Act1vat1on Parameters for the Rearrangement of -

. 2,3~ D1phenx]oxa21r1d1ne in Aceton1tr11e _

[y

The rate of rearrangement of the 2 3-dipheny1oxaziridine was deter-
m1ned at f1ve d1fferent temperatures rang1ng between 25° and 45°C (See
;;the k1net1c section for general procedures ) ATl temperatures were checked
rnw1th_an NBS ca11brated thermometer. The results of the temperature runs
are listed below. R o R

Temperaturegj°c) Tota1 Rate (x]O min 4)

~y_25°,a‘ - s
300 P | 86
3ge b s
ac® 3
450 @ | 56.0 ©
a. '+ .0l

‘b. # .1 A constant temperature bath was emp]oyed Because of'then
sma]] volume of water in the bath not1c1b1e f1uctuat1ons in the temperature
'occurred

Average va]ue for dup]icate runs.

A plot of the 1og of the reaction rate against'the 1nverse of_thela
temperature (see resu]ts section) y1e1ded a good stra1ght line. Fromdthis
a va]ue of 8H of 24. 2 kca1/mo1e was obta1ned Gas chromatographic anaTysis
~of the products from the reaction showed on1y two components benzan111de
“and d1pheny1formam1de resu1t1ng from hydrogen and ary] m1grat1on respectively. ;;j

o Determ1nat1on of the rat1o of products at 25° and 45°C 1nd1cated that



‘The. value for tT/é was measuredtas 140 minutes, k = 8;2 X 1075

identical product distributions (73 + 0.5% benzanilide and 27 + 0.5%

* diphenylformamide) were obtained at 25° and 45°C. Thus aH calculation -

for both reactions were the same, 4H=24 kcal.  From the partial rate factors

a value of -1 1/2 eu and -3 1/2 eu were calcu]ated for the AS for the )

"-format1on of benzan111de and d1pheny1formam1de respect1ve1y

ISOMERIZATION OF 3-METHYL 2,3- DIPHENYLOXAZIRIDINE

’ K1net1c Run at 22°C

" The 3-methy] -2,3- d1pheny10xaz1r1d1ne was prepared by. 1rrad1at1ng

50 mg of the 3-phenyl- 2 3- d1pheny1n1trone for 3 1/2 m1nutes in methylene'

chloride. The so]vent was removed by rotary evaporat1on at Iow temperature '

| ( <0°) and the remaining 011 ‘was taken up in, carbon tetrach10r1de and - |
',.placed in an NMR tube. The tota1 elapsed time s1nce-1rrad1at1on was about
50 minutes. NMR spectra were taken on a Varian T-60 NMR at about 90 minute

" intervals. Between scans, the sampl2 was maintained at ambient temperature

(22’1;1°C) - The re1ative areas of the methyl peaks are given as a'funCtion
of time." The f1rst order rate constant was ca]culated by p1ott1ng 1og

[% Methy]l —% Methyll (at t= w)] as a funct1on of t1me

. Time (m1n.) o %:Methyll (upf1e]d), ‘ ’  | %Mj-%M.m
0 . s a3
8 . 398 8.2
185 Cs00 180
226 . . 545 | 1.5

o .0 -

ec.”!
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K1net1c Run at 0°

‘ About 50 mg of 3-methyl-2,3- d1phenyloxaz1r1d1ne was prepared as above.
The sample was stored at dry 1ce_temperature until used. The kinetics were
“run in ansice filled dewar. At various intervals, the tube was removed. and
placed in a Vartan A-60 NMR thermostatted tovO°C. The spectraYWas taken
. and the sample returned to the dewar. After it became=apparenttthat the
reaction was very slow, further spectra were”performed on the Varian T-60 |

- NMR. At var1ous 1ntervals the samp]e was placed in the T 60 NMR and the
~ two methy] resonances were qu1ck1y 1ntegrated and the samp]e returned to
' the-1ce water bath. S1nce each measurement took on the order of 30 seconds,

:1t was fe]t that short per1ods in the T-60 NMR (amb1ent temperature 30°C)
did not’ appreciably affect the kinetics since the k1net1cs were taken-over
: a period of”8vdays The re1at1ve areas of the methyl resonances are.
g1ven below'as a funct1on of t1me The f1rst order rate constant was
:_calcu1ated by plotting 1og ( % upf1e1d Methyl -% upf1e1d Methy] at t-m)

-as-a function of time.

Time. (hours) 4 Upfield Methyl M, % Upfield Methyl ~ |
' : ) ' -at time t -y at tew
0. 200 a9
3 2200 46
43 - 25.7 42.3
© 55 Y SR 43.8
N 1 = 837
8.5 | 255 42.5
o 27.3 . 807
23 o 129.0 390
6 as 266
5

45 - 5 . 2.



19 - - 462 218

2  50.5 - . 18.0
142.5 53.1 o 14.9

153.5 — 51.2 16.8
176.5 B 5.5 . 11.5
e w880 '

At t=e , slight amounts of acetophenone aCety]dipheny1amine and an
, _unknown methy] conta1n1ng const1tuent were present in the solut1on o

_ (tota111ng about 20% of the methy] conta1n1ng compound)

Propert1es of the Oxaziridine Solution
| A ser1es of exper1ments were performed to ver1fy the fact that both
-methy] resonances were from the oxaz1r1d1ne and not from any rearrangement

or decompos1t1on product

1) Methyl resonances - The NMR spectra of the major decompos1tion,'
products are “given be]ow o - ) o
' AcetOphenone (commerc1a1) (CC14) 7. 55 (s 3),rm 2.6 (m 3),rm 7 8 (m 2)
Acetophenone anil (synthes1zed by the method of C1a1sen47) (CC14)
T7 83 (s 2 8), rmﬁ 7 (m 2),1m 7 4 (m 6)rw 8 0 (m,2). .
| N-methy]benzam1de (CC14) r6 49 (s) (from the ‘thermal rearrangement of
- the oxaz1r1d1ne 1n aceton1tr11e) ‘ |
llAcety1d1pheny1am1ne (CC14) T 8.12 (s) (from the therma] rearrangement
| of the oxaziridine in: aceton1tr11e) | |
None of the methyl resonances of these“compounds corresponded t°hﬁ‘

the high field methyl resonance encountered in the oxazitidine solution.
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2)' Spectral Changes. A freshly prepared solution of 3-methyl-2,3-

diphenyloxaziridine (50 mg) in 100 ml of methylene chloride was allowed to .
stand at room temperature for 8 hourst Active oxygen measurement showed a
'98% content. NMR measurements of the solution (in CC14),indicated‘that_
“the bercentage of the low field methyl signa]vhadldecreased from 80% to 45%;
- Thus a large drop in_theﬁamount of the 1ow field methyt stgna] did not
'result in a lowering of active oXygen content. The ir showed no noticib1e

change except for a slight increase in'carbony1 absorption‘at 1680 cm']

']; ‘The uv was

and
a slight increase in two peaks at about 1290 and 1302 cm

~ unchanged.

| 3) The thermal rearrangement of 3-methy1;2,3-diphenyloxaiiridine,: _
:,when kinetic measurements were attempted in‘acetonitri1e; it was fonnd that
the_reacti0n7occurred very .slowly. After 6 deys at.room temperature

over 90%'of the compound was still present. Samples, each‘containing

x550 mg of:the oxaziridine fonned by irradiation’ of the nitnonehwere

refluxed in three d1fferent so]vents for several days. ‘Gas chromatography
of the resu1t1ng so]ut1ons 1nd1cated that two products were formed They
were 1denf1f1ed as the expected rearrangement products--acety1d1pheny1am1ne
K and N-methy]benzan111de--by mass spectrometry (see product 1dent1f1cat1on -

'sect1on). The resu]ts are summar1zed be1ow

Solvent - v % CHy Migration % Phenyl Migration

*Carbon tetrachloride” | o 76% | . 24%
Acetonitrile™ ey 32w
CEthano™ | s A

The product compos1t1on was determined by NMR The acety1d1pheny1am1ne had
a characteristic methy1 resonance at' 8.12, while the N-methy]benzan111de
had a methyl resonance at 13 65 Small amounts of acetophenone were also |
detected. ' ;
B The product composition was determ1ned by gas chromatography
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PRODUCT ANALYSIS = %%

Ca]cuﬁation of ProduCt.Distributions

_ After the kinetic run was finished, the remaining 10-20 m1 of .

‘oxaziridine solution was allowed to remain at bath temperature for an

’ add1t1ona1 5 to 10 ha]f 11ves The so]ution was concentrated'and'the

o product d1str1but1on was determ1ned by gas chromatography on an Aero-

N graph 204 or an Aerograph 665.

The co]umns emp]oyed were 10 ft X 1/16 in sta1n1ess steel packed w1th o

3% oV- 1 or 3% SE- 30 phase on 60/80 Chromsorb Q " The mach1ne was general]y

11nearly programned from 75 to 300°C at 6°C/n1n (He f]ow 30cc/m1n) and the

‘ components were measured us1ng a hydrogen f]ame detector “In rare cases,

when peak separat1on was. poor; separat1on was ach1eved using a 50 or 100 ft

X 01 1n (I D) sta1n1ess stee] cap11]ary co]umn coated with Ap1ezon L

programmed at 2°C/min from 90° to 300°C (He flow. 2m1/m1n)

In certa1n 1nstances when 1nsuff1c1ent material remained after the )

r.k1net1c run, a fresh so]ut1on of the oxa21r1d1ne was prepared a1lowed

to stand for 5- 10 ha]f 11ves and ana1yzed as above,

The peak areas were measured by tvo general techanues--tr1angu1at1on

65

(peak he1ght times ha1f—w1dth) and . cutt1ng and we1gh1ng It was_foundmthat

results»obta1ned by the two procedures were very similar and since the*

- latter was more. conven1ent, it was genera]]y used (Xeroxed cop1es of the

N spectra were cut and we1ghed to preserve the or1g1na1 spectra )

S1nce a hydrogen f]ame detector was be1ng used, it was assumed that the < -

'peak area per~mo]e of 1somer1c mater1a1s would be. equa] Th1s seems . reason-

~able s1nce the response of a hydrogen f]ame detector is rough]y proport1ona1

to the- nurber of carbon atoms in the component In.part1cu1ar, the two
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components that we are concerned with here aee anilides’and the corresponding
formamides. Since both compounds contain the same functional groups, their
-peak area per mole should be very close..

However measurements have shown that this was not ent1re1y correct
In al] cases where suff1c1ent product was available for compar1son the
formam1de had a peak area per mole of from 13% (p H) to 30% (p-NO,) h1gher
: thanrthe an111de in our chromatograph1c system '

To a]]ev1ate time consum1ng synthetic effort an average- norma]1zat1on ’
factor of 1. 2 was. emp]oyed throughout this work. Th1s approx1mat1on shou]d
cause an error of no greater than + 4% for the measurement be1ng made 1f we
assume the 13% and 30%‘are extremes. Since our k1net1cs are_probab]y
'accurate'to oniy 5-10% it was felt that this additional error-woujd not
| inva1idatebthe resu1ts of the work; particularly since wevare-only interested

in orders of magnitude effects.



Product Distkibution5jn'the Thermal Reéctioh‘of Diaryloxaziridines

> .

H (a'ﬂ ) .

'_p-methoky"

p-C1
m-nitro
~ p-nitro

p-tiez.

l< .

»So1vgnt

Acetonitri]e
Ethanol

Acetoni;file ;
~Ethanol

~ Acetonitrile
* Ethanol |
Acétonitriie
Acetohitri]e

Acetonitrile
Ethanol =~

, AcetOnitri]e‘

._Ethano]: |

" Rearrangement Products
#Anilide % Formamide
73 a0
16 61 20% others -
73 27
15 65 ™ 6% imine, ‘
. | 3% diphenylamine
- N 11% others
85 15 -
0 100
73 27 o
88 6 - 6% imine
85 9 6% imine :
31 19 40% hydrolysis??
53 . 27 8% imine, 13% nitrone .
| S _ - (*by uv spectra)
0 00 : |

19
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":pemethoxy

‘p-pheny]

p-Cl

- p-bromo

m-fluoro
p-Cyano

p-nitro

Aéetonitri]e
Ethano]

‘Acetonitrile
Acetonitrile
‘EthanoT

Acetonitrile

“Acetonitrile

Acetonitrile
Ethanol |

Acetonitrile

Ethanol

Acetonitrile’

Ethanol

- Benzene
. Isooctane

100

100

74
87

<5

81
83

100

38
100

40

100

-100,
83
90

26

13
>95
19

17

O = 0 O g o v

53% imine, 3% azo.

_ 53%_1mine

6% imine

10% hydrolysis*?

89
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1 Product Distributiqh'in the Thermal Reaction of Triaryloxdzifidihés

|

N02

~ OMe

: Noz

H

IOMe'.'>

~ OMe

2

NO,, .

‘Solvent = .

Acetonitrile

Acetonitrile’

- Acetonitrile
- Ethanol
Acetonitrile

Ethanol
Benzene

‘Acetonitrile _.'

Ethanol

Acetonitrile

‘Rearrangement Products®

‘% phenyl

% phenyl-x

“migration

100 o

100

55

60
o 40
o4
- 58

90
<5

0

migration

a. Inall cases the two amide products represented»greéter than 85% of the

total products.

b. In addition there was about 10-15% of an,unidentifiéd.component. ,
c. The major detectable product was-benzophenone (by gc coinjection). .
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Absolute Product Yield =~

| It:has been found pr'eviously42 that.the yield‘of rearrangement i

‘product in the therma] reactions of oxaz1r1d1nes is qu1te high. The
y1e]ds vary from 70% to quant1tat1ve Although absolute: product yields

were not calcu1ated for all the react1ons a suff1c1ent number were done to
1nd1cate that near quant1tat1ve y1e1ds 0707) were obta1ned in almost all

| react1ons In all react1ons done, un1ess otherw1se noted on]y traces -
<10% of other products were visible in the g]pc trace of the product

'solut1on | 7 | » |

| Three compounds were investigated in detail. Known~quantities.ofv

v'k1net1c so]ut1ons were injected into the glpc and were compared w1th

' _known quant1t1es of synthes1zed products by compar1ng recorder peak

7areas With the three compounds 1nvest1gated -the-p CH3, p'd and p OMe -
d1pheny1oxaz1r1d1nes in aceton1tr11e, abso]ute product y1e1ds of 90 83 !

and 100% were obta1ned




- Product Isolation-

Al products were isoiated byﬂpreoarative'gas.chromatography on an
.1Aerograph A-90-P gas Chromatograph (thermal conductivity detector)jequip-
v.péd wfthva 10 £t x 1/4 in,or a 25 ft x 1/4 in 3%hSE-30 colum. Helium
Flow 50 ml/min. Injector temp. 275°C. Detector'temp'2255°'-295°C. The
machine was 1inear1y.orogrammed from 90°-300°C at 6°C/min}‘ 20-50 micro-
Titers of a 1-10% solution was injected and,the‘products collected in
‘capi]]arj\thhes. In several instances products were collected on an F&M
5750 gas chromatograph“ eqoi'pped with a 10 ft x 1/4 in 3% OV-1 on 60-80
" mesh Gaschrom Q under the same conditions g1ven above The’maohine was
equ1pped with a sp11tter so that 20% of the samp]e went to a hydrogen )
flame detector and 80% was col]ected | |

Some rearrangement react1ons were suff1c1ent1y spec1f1c that
'on]y one predom1nant product was formed wh1ch cou]d be 1so]ated prepara-

.t1ve1y The cond1t1ons and resu]ts of these 1solat10ns are g1ven below:

- 2,3,3- tr1phenyloxaz1r1d1ne in aceton1tr11e

A so]ut1on of 90.8 mg asasN- tr1pheny1n1tnone 1n 100 m] acetonxtr11e :

: was irrad1ated for 6 min. The so]ut1on was ref]uxed for 22 hours.

o Evaporat1on of the so]vent gave 79.5 mg of a- crysta111ne sol1d Re- "~

crysta111zat1on from ethanol-water y1e1ded 57 8 mg (64%) of benzoy1d1-mh
'pheny1am1ne ‘mp 177 178°.

”d.2 toly] -3- phenyloxaz1r1d1ne in ethano]

| A so]ut1on of 74 mg N- to]y]-a pheny1n1trone inl 100 ml ethanol

- was 1rrad1ated for 3 172 m1n Rotary evaporat1on of the so]vent and :

| washing w1th petro]eum ether y1e1ded a tota] of 53 3-mg (72%) of 4-methy]-
fd1pheny1formam1de mp  74- 77° glpc of the mater1a] 1nd1cated the _'gn

:'presence of a trace ( <5%) 4 -methy]benzan111de
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- A so]ut1on of 53 2 mg- N- (3- fluorophenyl) -a- pheny1n1trone was
irradiated for 5 min. in 100 m] aceton1tr11e Act1ve oxygen on ~ 10 ml
»of‘the.sofufion shdwed 100+%. _The remaining 90 ml stood at_roem temperature
:fdr severa1 months. The éo]veht Was.removed.by Eotary evaporation yielding
40 2 mg (84%) of a tan erysta]]ine'materia] mp 128-133° ReCrysta]]iza-‘

: t1on from ch1oroform petro]eum ether y1e1ded 26.3 mg (55%) (mp 141 142°)

of 3" f1uorobenzan111de

2-(4-methoxypheny1) 3- pheny]oxaz1r1d1ne in ethano]

| A solution of 47.2 mg Ne(4-methoxypheny1)-a pheny1n1trone in 100 m1
ethenoi‘Was irrad{ated for 4 min. The solvent was removed_by rotary
evaporat1on g]pc of the product showed oﬁ1yfenevprdduct héqug the same
retent1on time as 4'-methoxybenzan111de FC01umh Chromatography in a éf X
1/2" s111ca gel column ‘with 1:1 ch]oroformfhexane-as:eluent yielded 33'7 mg
(72%) of 4'-methoxybeniani1ide ‘mp 157.5- 158°. A similar irradiation in
~acetone y1e]ded a 75% y1e1d of 4'-methoxybenzan111de :

' 2-(4—cyanopheny])-3-phenyloxaz1r1d1ne in aceton1tr11e

A so]ut1on of 48.3 mg N-(4- cyanopheny])-a pheny1n1trone in 100 ml
aceton1tr11e was 1rrad1ated for 4 min. The solut1on was heated to ref]ux
- for 16 :hours. Rotary evaporat1on of the solvent yielded 44 1 mg of an |
| erangish 5011d Recrysta111zat1on from ch]oroform y1e]ded 35 9 mg (745)
‘L4'-cyanobenzan111de mp 165- 167°. | ' |

25(methoxypheny1) -2,3- d1phen¥10xaz1r1d1ne 1n aceton1tr11e

- A so]ut1on of 39.9 mg a-(methoxypheny])-a,N d1pheny1n1trone in:
100 ml aceton1tr11e was irradiated for 3 min. The solut1on was ref]uxed
for 2 days; (The uv indicated that the meakrangement was_over 1mmed1ate]y

after irradiatioh). The solvent was removed:by rotary evapqratien.



Add1t10n of petroleum ether and cooling y1elded 18.8 mg 4'-methoxybenzoyl-
d1phenylam1ne

2-(4-n1trophenyl)-3-phenyloxaziridine in'aeetonitrile'

A solution of 33 1 mg N- (4- n1trophenyl)-a phenyln1trone was

1rrad1ated in 2 batches inalcm water Jacketed Pyrex cell of 70 ml
capac1ty forvl m1n.veach. “The 1rrad1at1on was_done w1th_2 GE-DBX photo-"

" spots placed 1 in. onleifher side of the cells. The solution was re-
fluxed under hltrogen'for 2 days. 20% of the solutlon was saved fof'
_glpc analys1s The solvent form the rema1n1ng 80% of the solut1on was
removed by rotary evaporat1on The rema1n1ng orange prec1p1tate was
‘ collected and washed with petroleum ether. Yield 22. 0 mg (82%) |
mp ca. 180° - A careless recrystall1zat1on from chloroform petroleum - -
ether y1elded 8. 1 mg (31%) of 4'-n1trobenzan1l1de mp 195- 197°
(70 eV) m _[_ (relative 1ntens1ty) 242 (M7,27), 226 (6), 222 (4), 212 (5")‘-,;
138 (17), 112 (25), 105 (100), 83 (15), 77 (26), 70-(77), 55 (45).
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3;(4-dimethy1amino)-2-pheny]oxaziridine

A uv solution of}d—(44dimethy1aminophenyl)-N-phenylnitrone in
acetonitrile was prepared and the optiCa] density at the;i max of the
so]ut1on (374 my) was determined:  The solution was irradiated with GE-

“DBX photospots for 1/2 minute as preV1ously descr1bed unt11 the 374 my

- peak disappeared and the spectrum of oxaz1r1d1nes was obta1ned After

allowing the so]ut1on to stand for one day (> 12 ha1f 11ves) the 0 D.
at 374 My was aga1n measured and the so1ut1on re1rrad1ated fbr 1/2 m1nute
| The loss in 0 D. at 374 mu after the irradiation 1nd1cated the presence
'of 3 (4- d1methy1am1no) 2- pheny1n1trone from the rearrangement react1on of
the oxaz1r1d1ne From the 0. D. change upon re1rrad1at1on a y1e1d of
13% nitrone was calculated from the therma] rearrangement of the oxa-
Jz1r1d1ne | | | - ,. v |

For the product ana]ys1s of am1de and formamide from oxaz1r1d1ne
rearrangement a solut1on of about 20 mg in 100 ml of aceton1tr11e was - |
1rrad1ated in the usual manner (see k1net1c procedures) and re1rrad1ated
. twice, at about 12 hour 1nterva1s. The uv of the final solut1on showed
no evidence of the nitrone. The so]vent’was then remdved and'the re-
ma1n1ng sample was subjected to glpc ana1ys1s as’ before No other |

*%
~compound investigated gave not1C1b1e y1e1d»of‘the nitrones.

V*The nitrone decomposed when injected.into the:gas~chromatograph giving -
mainly imine as product.

. v SR . .
*Sp1itter and Ca1v1n42'report a 20% yield of the nitrone in acetone.



’ Product Ident1f1cat1on o

_ The products 1solated by preparat1ve gas chromatography were
'~routine1y 1dent1f1ed by mass spectrometry Supp]ementary ev1dence for_d
the structural. ass1gnment was obta1ned by glpc co1nJect1on W1th an

~~ authentic sample prepared by other means (when poss1b1e), me1t1ng point,
and 1nfrared spectrometry ‘ ,‘

- Mass spectrometry prov1ded a c]ean d1fferent1at1on between the
isomeric anilides and formamides since the anilides showed character-
istica]1y‘intense aroy1‘(x-¢CO+) peaks,'while;theuformamides showed a . -
Very'charaCteristic peak at m-28 which corresponds to a 1oss ofﬁcarbon,_
monoxide from“the parent‘fragment' In the infrared spectra anilides
‘”show a character1st1c ‘carbony frequency at 6.05- 6 10 microns while the
" formamide carbony] absorbed at 5.93-5.97 m1crons; |
In a]] cases the an111des and formam1des const1tuted the 1argest

'amount of product with occasional amounts of the correspond1ng imine.

) 2,3-diphenyloxaziridine'

1) Benzaldehyde imine. Identified by glpc coinjection with an
authentic sample.

2) . d N;Nédipheny1formamide. Ident1f1ed by glpc co1nJect1on w1th a

'sample of authentic mater1a1. (70 evy _[__(re]at1ve 1ntens1ty)
197 (M*,100), 169 (M-28,75), 168 (70), 167 (50), 104 (11), 77 (23),
(Identical with ms of an authentic sample.)_ - .:f |
3) 'Beniant1ide; Identified by glpc coinjection with a sample of.filh
" authentic material. mp 159-161° (Lit. ]61°32) ms (70 eV)‘gQ!;.'v
(re]at1ve 1ntens1ty) 197 (M 50) 168 (52) 105 (]00) R (44);”"-'

(Ident1ca1 with ms of an authentic samp]e )
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3= (4-chlorophenyl )-2-phenyloxaziridine

1)

'Né(44éh1oroghenx])fN-phendfohmamide.'glpc-rétenfion time is

the same as the cOrreSponding formamide from 2-(4-chlorophenyl)-

N-phenylformamide. ms (70 ev)“mlg_(ré]ative intensity) 233 (35),

231 (100), 203 (M-28,65), 168 (30), 167'(48)

'4-ch10robenzan111de. Identified by g]pc co1n3ect1on w1th an

_authentic’samp1e. mp 199-200° (authentic sample mp‘199-2009)

35)

(Lit. 199-199.5°%°); ir 3.02 (C-H), 3229 (C-H), 5.18, 6.10 (C=C),

7.00, 7.19, 7.58, 7.82, 9.19, 9.35, 10.31, 11.09, 11.33, 11.90,

13.37 and 14.70 microns. The ir spéctra was idenfica]vWith

. that of anvauthentic-sampfe. ‘ms (70 eV) m/e (re]at1ve 1ntens1ty)

233,(35), 231 (100), 141 (75), 139 (100) 11 (54), 77 (12).

2,3-diphenyloxaziridine (a-D)

1)

2)

‘Benzaldehyde imine. Identified by glpc coinjection with an

authentic samp]e.

N-N;diphény1formam1de Identified by g]pc co1n3ect10n w1th an

authentic sample. ' ms (70 ev) m/e (re]at1ve 1ntens1ty) 198 (M 100),

197 (8.5), 170 (20), 169 (21), 168 (95), 167 (70), 105 (21),

91’(13) 77~(22) (The 1arge 198 peak 1nd1cates that the com-.

pound 1s st111 spec1f1ca11y deuterated )

‘Benzanilide. Identified by g]pc co1n3ect1on w1th a samp]e of

authentic material. ms (70 eV) _[__(re]at1ve 1ntens1ty) 198 (M 6),
197 (37), 169 (9), 168 (11), 105 (100), 77 (38) |



2-(4- ch1or0pheny1):3 pheny]oxaz1r1d1ne i 

1) N- (4 ch1orophenx]) N- phenx)formam1de g]pc retent1on t1me is

‘consistent with the proposed structure. ir 3.42 (C-H), 5,95

~ (c=0), 6.30 (C=C), 6.73, 7.93, 9.17, 9.89, 12.52 and 14.50
_microns. The'ir.specfrum'is very similar to that of N,N-di-
pheﬁy]formamide.‘va'(70 eV)'ﬁLg;(re1ative 1ntensity5 233 (41),
231 (23), 205" (5), 203 (M-28, 16), 197 (32), 104 (100),.77 (36).

_ 2) _4'—ch10robenzahiTide. ;Identified by glpc coinjection with an

authentic sémp]e. mp 191-192° (authentic sample mp 191-192°)
(Lit. 19253?);:ir 2.99 (N-H), 3.26 (C-H), 6.08 (C=0), 6.20 (C=C),
661, 7.18, 9.13, 9.36, 10. 83, 12.19, and 14.02 microns. The ir
‘spectrum is the same as. that of an authent1c samp]e ms (70 eV)
%A” m/e (re]at1ve 1ntens1ty) 233 (8),;231 (25), 169 (4), 168 (3), .
105 (100) 77 (32) | |
2= (4-methoxyphe4y1) 3- phany]oxa21r1d1ne ,

1) '4'—methoxybenzan111de. Ident1f1ed by g]pc co1n3ect1on with an

éuthentic‘samp]e. mp 157.5—158° (authent1c.samp]e‘157;5—158 )u
1 (Lit. 153-154°°6); uy max'(ethand1) 281 my(c11,700); ms, (70 ev)
- m/e (relative intenéity) 228 (18), 227 (M+;1oo), 207 (3), 245 (3),
1106 (7), 105 (80), 77 (18), 55 (6), | | B
2-(4- cyanophenyl) 3-pheny1oxaz1r1d1ne

1) 4'-cyanobenzan111de, mp 165 167° (L1t 170°48) ms (70 evV) mL_
| (re]ative intensity) 222 (M ,38),_112.(16),.105 (100), 83 (5),
77 (30), 70 (59), 55 (27). S

77
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2- (3 f]uoropheny]) 3-phenyloxaziridine

1)

. 2)

3

4)

3,3 -d1f1uoroazobenzene. ms (70 eV) m/e (re]at1ve intensity)
218 (100);123 (30), 111 (10), 109 (7), 97.(11), 96 (15), 95 (128 ),
83 (11), 75 (12). |

'3'4f]poroben2a1dehyde'anil s (70 eV) m/e (re]at1ve 1ntens1ty)

199 (M+'100) 198 (92), 122 (6), 95 (14).

3'- fluorod1pheny1formam1de g]pc retention is cons1stent ‘with the

proposed structure ms (70 ev) m[g;(re]at1ve.1ntens1ty),215-

(M*,100), 188 (6), 187 (M-28,55), 186 (36), 185 (24), 96 (6), B

84 (6).

3'~fluorobenzanilide. mp 141-142°; ms (70 eV) m/e (relative -
intensity) 215 (M*,38), 105 (100), 83 (3), 78 (3), 77 (4), 70 =
(10), 55 (7), 51 (9). . . |

3- (4 dimethylaminophenyl )- 2-pheny1oxaz1r1d1ne

_])

2)

. 4-dimethylaminodiphenyl formamide. Ident1f1ed by g]pc co1n3ect1on with

42

an authentic sample.™ ms (70 eV) mig_(re]at1ve 1ntens1ty) 240

(M, 100),212 (M-28,16), 211 (M-29,34), 197 (10), 167 (15), 77 (4).

 u4?diméfhy1aminpbénzani1ide Identified by glpc coinjectioh'with

an authentic samp]e 42 mp 175 180° (authent1c sample mp 177 180°)42

ir major peaks 1625 1588, 1435, 1315 and 1230 ™', uv max
(ethanol) 314 m . ms (70 eV) m _[__(re]at1ve intensity) 240 (M 27),

97 (4), 149 (11), 148 (100), 135 (7), 134 (3), 77 (4).
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- 2-(4-toly1)-3-phenyloxaziridine

1)

2)

~authentic sample. mp 155.5-157° (Lit. 158°

4-methyldiphenylformamide. glpc retention is consistent with

~ the prOposédjstructure ‘mp 74-77°, uv max (ethanol) 239 My

(e13, 000). ir 3.29 (C-H), 3.50 (C-H), 5. 9 (C=0), 6.30 (C=C),
6.65, 6.72, 7.17, 7.63, 7.73 and 7.96 microns. ms (70 eV) m/e
:(reTat1ve.Jntens1ty) 211 ,100), 183 (M—zs,sz),.182 (46), 1

(23), 77 (15).

4'-methyJBen2ahilide. "Identified by glpc cofnjection with an
49);v ms (70 V) m/e
(relative intensity) 211 (M*,50), 168 (2), 167 (2), 105 (100),

77 (48)

~ 3= (4-methox1pheny1) 2- pheny]oxaz1r1d1ne

1)

Zf

v4-meth04yd1pheny1formam1de. g]pc retent1on time is- cons1stent
 with tﬁe probosed structure. 1r 3. 29 (C H) 3. 43 (C H) 5.97 (C= 0)
| 5.31'(C=C),6.67,_6Q73, 8.06, 8.54, 8.85, 9.76, 12.04 and 14.50 . -
microns. ms (70 eV) m/e (relative intensity) 227 (M*,100), 199"

(n-28,20), 184 (M-28,15,60), 124 (10), 77 (6).

4+methoxybenzanilide..Identified by'glpc coinjection with an -

- authentic sample. mp_171-173° (authentic sémple mp 172-173°)
(Lit. 168°34). ir 3.03 (N-H), 3.44 (C-H), 6.08'(C=0), 6.29

(c=C), 6.58, 7.00, 7.58, 8.02, 8.51, 9.81, 11.32, 11.89, 13.38

~ and:14.60 microns. The ir spectrum is identical with that

of an authentic samp]é.-'ms (70 eV) még_(ré1atiVe intehsity)

227 " 28) 135 (100), 107 (4), 92 (8). The mass spectrum is..

: 1dent1ca1 w1th that of an authentic samp]e
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3- (3-nitrophenyl)-2-phenyloxaziridine

1) - .3-nitrobenza1dehyde"anil. glpc retention time. is consistént with

this structure. ms (70 eV) m/e (relative intensity) 226 (M',100),
~ 196 (50), 195 (40), 180 (25(, 104 (28), 93 (30), 77 (60).

2)-,v‘.‘3-nitrodipheny]formamide,' glpc retent1on t1me is cons1stent

, with-the.propOSed structure. - uvvmax (ethanol) 242 mu. ir 3080 (C H)
2860,1675 (C=0), 1588 (C=C), 1518, 1488, 1340, 1250, 1135 and 1070 cm

ms (70 eV) m/e (relative intensity) 242 (*,100), 214 (-28 90),
212 (90), 184 (12), 167 (80), 120 (10), 77 (15).

'3)4" '3 n1trobenzan111de glpc retention time is. consistent with thié '

|  structure. mp 143-146° (Lit. 153°%). ir 3.04 (N-H), 3.28 (C-H),

"_5.99.(c;o), 6.29 (C=C), 6.59, 6.99, 7.46, 7(58,{?;96, 9.38, 11.11,
1T‘é3 112'41 and. 13.33 micrdns; ms (70 eV) m[g_(re]atiVe intehsity)

242 (M 68) 2]2 (106) 150 (45), 120 (45),.104.(32), 92 (22), 77 (20).

_ 3 (4 n1tropheny1) 2-phenyloxaz1r1d1ne

_1)» : 4-n1trod1pheny1formam1de _ Ident1f1ed by glpc co1n3ect1on with an
authentic sample. 33 ir maJor peaks at 1680 1580 and 1487 cm T;

- ms (70 eV) m/e (re1at1ve 1ntens1ty) 242 (M 100) 214 (M 28 21),
]84 (13) 167 (55) 77 (14).

}2) - 4- n1trobenzan111de Ident1f1ed by g]pc co1n3ect1on with an authent1c
samp]e. mp 208 212° (authent1c samp]e mp 213-214°) (Lit. 214°
'uv max 295 mu and 230 m W oir 3300 (C-H), 1650 (C 0) 1590 (c= C), :

-~ 1510, 1435, 1345, 13]0 868 - and 753 cm 1.

1

5
33,81y,

“~
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2- (4-bromopheny1)-3-phenyloxaziridine

1) -

2) .

105 (100), 97 (8), 77 (35). |

4-bromodiphény]formamide. The gipc retention time is consiétent
with this structure. uv max (ethanol) 240 mu; ms (70 eV) m/e
rejatjve intensity) 277 (99), 275 (100), 249A(N?28;47); 247
(M-28,50), 168 (48), 167 (82), 166 (25), 97 (21), 77 (20).

_4-brqmobenzahilide. The glpc retention time is consistent with

 this structure. -mp 201-204° (Lit. 202°92). ir 3080, 2860, 1675,
© (C=0), 1588 (c=C), 1518, 1488, 1340, 1250, 1135 and.1070 cm".

uv max (ethanol) 296 and 230 my . ms (70 eV) m/e (relative in-

tensity) 277 (22), 275 (21), 166 (5), 165 (5), 111 (5), 106 (3);

2- (4 b1pheny4y1) 34phenyloxaz1r1d1ne

If1)- 

2)

(Lit. 227-228°

4- pheny1d1pheny1formam1de The glpc retent1on t1me is cons1stent

with this structure. mp 86 88°. ir 3.30 (C H), 3.47 (C-H),

5. 96 (C 0) 6 30 (C C),. 6 75, 7.55, 7. 87, 13.17 and 14 50 microns.

The ir spectrum is very s1m11ar to that of d1pheny1formam1de

ms (70 eV) n/e (relative intensity) 273 (W',100), 246,(12), 245

- (M-28 66) 170 (14) 105 (4), 77 (3)

| 4'-pheny]benzan111de Ident1f1ed by g]pc co1nJect1on with an-

authentic sample. mp 230-233° (authentjc,sample 232-234°) -
39). The ir spectrum is the same as an authentic

sanple. ms (70 eV) m/e (relative intensity) 273 (M*,100), 169
. (5), 105 (100) 77 (40) The mass spectrum is the same as an

authent1c sample



3 {4- methoxypheny]) 2, 3- d1phenyloxaz1r1d1ne

N

25

N- benzoy] 4-methoxyd1pheny1am1ne Ident1f1ed by co1ngect1on

- w1th an authentic samp]e obta1ned from the rearrangement of

2-(4- methoxyphenyl) 3,3- d1phenyloxaz1r1d1ne in aceton1tr11e

. Quant1tat1ve separat1on was not achieved on a 10 ft x 1/16 in

~ column used in most analyses. One peak with a s]1ght shoulder

resulted. Instead the Components were separated-on a 100 ft

x .01 in Apiezon L-coated sta1n1ess steel cap111ary co]umn,

‘ temperature programmed at 2°C/min from 100-300°; he11um flow

2 mT/m1n. On the cap1]1ary co]umn two well separated peaks were

observed. each identified by co1n3ect1on

sample. The samp]es cou1d not be separated by preparat1ve g]pc

Both compounds emerged as one peak - Three fract1ons were taken of

the peak ( at about 1/4, 1/2 and 3/4 way through the peak ) and the :

important peaks in the mass spectrum of each fract1on are shown

be1ow
m/e o (relative intensity)‘ _
| R I
303 - 60 . .83 50
198 - 6 5 . 01
- 18 13 03
167 10 8 10
135 6 100 100
105 . 100 | 89 20
92 - 4 ' 4 9

7 .20 2320
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'aniSOQJdiphenylam1ne. Ident1f1ed by co1n3ect1on w1th an authent1c
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Thus 1t appears that the N- benzoy1 4-methoxyd1pheny1am1ne (large

.¢C0 _1__105 peak) appears in the early part of the peak and the
+

an1xoy1d1pheny1am1ne (1arge CH30¢C0 m/e 135" peak) appears in the

latter half. of. the peak This substant1ates the results from the :

| co1n3ect1on with authentic samp]e

2f14-methoxyphefy1)-3,3—d1pheny10xa21r1d1ne '

1)‘ N- benzoyl 4-meth6xydipheny1am%ne Identified by'cdinjection with'

: the s1m11ar product from the rearrangement of KB (4-methoxypheny1)-
53).' ms (70 eV) m/e

(relative:intensity)'303 (M*,85), 198 (10), 180 (28), 167 (7), "
155 (5), 154 (7), 106 (9); 105 (100), 77 (23).

~ 2,3-diphenyloxaziridine. mp 120° (L1t 121°

8- (4 nitrophenyl)-2- (4-meth0Xypheny1) 2- pheny1oxaz1r1d1ne

,1), . N-(4- n1trobenzoy1)*4-methoxyd1pheny1am1ne ms (70 eV} m/e | };
- (re1at1ve 1nten51ty)‘349-(5),»348 (M ,16), 225v(25),’199 (25),th
198 (36), 184 (34), 183 (21), 167 (22), 155 (22), 154 (22), 150
(12), 149 (12), 120 (100), 109 (37), 105 (30), 92 (44), 81 (57),
77 (48). | o .

'2)  N-benzoyl- (4-methoxy-4'-n1trod1phenylam1ne ms'(70”eV) m/e
" (relative 1ntens1ty) 349 (3), 348 (" 8), 270 (36) 245 (26),

240 (25) 210 (47), 197 (52), 149 (48), 120 (100), 105 (100), 77

An ir of a mixture of the two prOducts containing 1)-and 2) 1n a
rat1on of 10 1 showed the fo]]ow1ng predom1nant peaks 3080 (C H) 3000
"v(C H), 2930, 2830 1659 (C= 0) (s) 1600 (s), 1520 (s), 1510 (s), ]342,;
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1307, 1300 1247 1170, 1102,.1032, 850 and 688 cm']{- Separation was poor
by preparat1ve gas chromatography and it appears that a m1xture of pro-
ducts is present in both mass spectra Therefore the - mdent1f1cat1on of

i . .

both compounds is still tentative. = |

3-methy1-2,3-diphenyloxaziridine
1) - acetyldiphenylamine.®® ir 3060 (C-H), 2930 (C-H), 1640 (c= 0),
1592 (C=C), 1492, 1364, 1302, 1110, 1025, 727, 697. - ms

(70 eV) m/e (relative intensity) 211 (M" 22) 170 (M-41,13), 169

_(100),'168‘(20), 167 (14), 166 (4), 118 (3), 105 (2), and 77 (11).
2) “N-benzoylN-methylaniline. 5 ir 3060 (C-H), 1668 (C=0), 1590 -
(0, 1485, 1448, 1365, 1330, 1303, 1073, 1030, 760, 690.

ms (70 eV) m/e (relative intensity) 211 (30), 169 (4), 106 (7),

105 (100), 77 (38).
_ 3 (4 nitrophenyl)-2, 3- d1phenyloxaz1r1d1ne

. ]) 4 n1trobenzoy1d1pheny]am1ne Ident1f1ed by g]pc co1n3ect1on w1th
an authentic samplef4] ms (70 eV) 'm _[__(re]at1ve 1ntens1ty) |

318 (M",15), 288‘(21),;225 (8), 169 (12),168 (10), 167 (12), 150
(13), 120 (100), 105 (5), 92 (8), 77 (4). o

2) N-(4-nitrophenyl)-benzanilide. Identified by glpc coinjection

41

~with an authentic sample. ms (70 eV) m/e (re]at1ve 1ntens1ty)

318 (M',67), 288 (42), 183‘(36),-]67V(20) 105 (100), 77 (84)
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Instrumentation

"NMR: Al NMR spectra were taken on a VarianvA-QO-P or a Varian T-60
" instrument using carbon tetrachloride as solvent with TMS as an interna1’
standard unless otherwise note. |

fuv:’ A1l uv.spectra were taken on a Cary Model 14 recording.speCtrophotometer.

jr;"A11_ir,were'taken on a Perkin-E]mer Model 257-recording;5pectro-
photometer. Generally cej]s'of .05 mm path]ength_Were used with carbon'
,tetrachloride solutions of the compounds to be measured.: When minute
~amounts of purified compound'were available (asywith many rearrangement;
product analyses) the sample was deposited as a tnin‘f11m on-avsmai1
sod1um ch10r1de p]ate and the spectrum was taken us1ng a Perk1n Elmer
“beam condenser attachment on the Model" 257 spectrophotometer |
‘ ms;‘ Mass spectra were rout1ne1y run by Miss Sherri F1rth on a CEC Mode] _
103 mass . spectrometer at 70 eV us1ng a g]ass inlet system at about 180°;
_A few samp1es were also run on an AEI MS- 12 and a CEC-110 mach1ne ‘Therf
' oxaz1r1d1ne5~proved sensitive to~temperature and.the1r spectra were. :
obtained on the aboye machines gsing a metal direct inlet system‘where"
the'temperature was maintained at 80-100°C. (CEC-103), 80-120°C (MS-12).-
and under 70°C (CEC-110). -~ . | BRI

Elemental Analysis: Al1l e]ementa] analyses were performed at the M1cro-

analysis Laboratory, University of‘Ca11forn1a, Berke]ey.



Iv. _MISCELLANEOUS REACTIONS o

Reaction of 2 3- d1pheny10xaz1r1d1ne w1th tr1ethy1am1ne

To see if the presence of a strong base has any effect on the :
rate of rearrangement of”bxaz1r1d1nes, the_effect of tr1ethy1am1ne on
2,3-dipheny10xaziridine was investigated. 63.4 mg of o,N-diphenylnitrone
were irradiated fer}4'ninutes in about 90 ml acetonitrile. 1.5m
..jtriethyTamine was added‘and thecso1ution di]uted‘to 100 ml With aCeto-th
nitrile. Active'bxygen'measurenents on lObtmi aTiquots taken at‘various
times 1nd1cated a rate of 1. 5 x 10 2m1n -1 at 23°C. '(Active oxygen at .
the beginning of the run was 95% ) The rate of rearrangement of d1pheny1-.ﬂ
'oxa21r1d1ne,1h-the absence of tr1ethy1am1ne is about 4_x 10 4m1n o
Thus triethy]amine'increases the‘rate,of'oxaziridine disappearance byfa
factor of‘about 40.. After the reaction‘was'a110wed to go to compietionjt
uv spectra=(acetonitri]e) showed-a A max at 250 mn with a slight shou]der'.
_‘ at 320‘muv Ana]ys1s by g]pc of the concentrated so]ut1on shoned the
presence of greater than 0% benza1dehyde an11 w1th traces of benzan1]1de,
"benza1dehyde, and aniline. By quant1tat1ve glpc,_the'tota11amount«of;ﬁ
anil, aidehyde and aniline accountedfor‘aheut.so% of the'starting material.
.This imnlies that the triethylamine was‘being exidized to triethy]amine'
'ox1de ana]ogous to the oxidation of bruc1ne to bruc1ne 4- ox1de as found

by Emmons. 55

| Tr1ethy1am1neox1de synthes1zed accord1ng to Dustan56 was not
,stab1e under gas chromatograph1c cond1t1ons, g1v1ng tr1ethy1am1ne as the

only peak observab]e.
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The reaction of 2‘3-diphen¥]oxa21ridine with diethylamine.

1,1 d1ethy1phe4y1hydraz1ne

A solution of 48.3 mg a,N- d1pheny1n1trone in 80 ml aceton1tr11e was

, irradiated for 4am1nutes. .Two ml_d1ethy1am1ne were added and the solution
diluted to 100 ml with acetonitrile. Atter one hour, no activefoxygenﬁwas
detectable. Analysis by glpc indicated the presence of only two components‘
one coinjecting with,benza1dehyde.(and showing similar mass spectral |
_}fragmentat1on) and one appear1ng later Co]lect1on of the second component
by preparat1ve glpc y1e1ded a 11qu1d ms (70 eV) 80°) m/e (re]at1ve
1nten51ty) 165 (14), 164 (M 100) 149 (13), 135 (52), 121 (18), 93 (21);
192 (75); ir (cC1,) 2975 (C—H) 2812 (C-H), 1598 (C=C)L 1492 and 1250 ch'j,
- w1th no carbonyl peaks; NMR (CC14) 6.7 (m 5),6 2.57 (q.4, J= 6Hz) s 1.04
(t, 6 J= 6H 2 The phys1ca] data is consistent w1th the structure of 1, 1-

d1ethy1pheny1hydraz1ne 57

_Oxaziridine Photolysis

2- (4-methoxypheny1) 3- pheny]oxaz1r1d1ne '

| ~ A solution of 57.1 g N- (4-methoxypehny1)-a pheny1n1trone 1n 100 m]
reagent benzene was 1rrad1ated for.]O m1nutes through a Pyrex filter in -
the Hanovia immersion apparatus. Nitrogen‘gas was>bubbTed‘through }the'lE
‘solution during the irradjationa During the irradiation the solution e
darkened to orangish'brown The so]vent was removed by rotary evaporat1on
and the residue was chromatographed on an 8 in x 1/2 1n s111ca gel column
The mater1a1;was eluted success1ve1y with the fol]ow1ng amounts of methy]ene |
ch]orideéhexane solution: (%methy]ene ch]oride,given): 0%-150 m], 5%-75 ml,
- 10%450 m1,‘20%-75 ml, 40%-75 ml, 100%-50 m1. From' the 40% methylene |
ch]orideifractjon, 12 mg of aryeilow crysta1 was-obta1ned mp 162.5- 164o
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(A11 other fractfohs yielded <4 mg of products) Final washing of ‘the
| cqumn with acetone yielded 27.7 mg of dark solid, probably polymeric
‘meterial.) -ms (70 eV) m/e (relative intensity) 242 (75), 135 (33), 121
~ (4), 107 (100), 92 (24), 77 (30). uv max (ethanol) 354 my.
' The physicai data"is COnsfgtént with‘the'structure of 4,4'-
58 5,98 Molecular weight 242. uv max (ethanol)

dimethoxyazobenzene.™ mp 16

360 mu. (log €2.57) and 490 mu (log €.230).°

| 24(44nitrgpheny1)-3-phény]oxaziridine

A solution of 30.2 mg N-(4-nitropheny1)-a—phenylnitrone'in 100 ml
~acetone was irradiated for 6 minutes through a Pyre* flitér'with the |

| Hanbvia imhers1dn‘apparatus. The dark solution was ébncéntratéd'and'the

' residue_was'chfomatographed onaéb inx 1/é in silica geT co]umn-using:

| methy1ene ch]oridé—hexane'as solvent. A réd'crysta]Tihe materié]_(G,S mg)

was obtained. mp 220-221.5°. The uv max (ethanol) was at 337 mi. ms

(70 eV) m/e (relative intensity) 272 (M*,100), 242 (6), 150 (66), 138 (12),
122 (76), 92 (28),.83 (25). The propertiés of this.material were identical

to those keportéd for'4,4_'—dihitroazobenzene.60
- (benzene) at 338,mu.-(526,800).§] Mo]ecu]ér weight 272.

.mp»221-2°, ‘uv_max :'
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RESULTS

I. Tne Thermal Rearrangement of . =

"‘Diaryl and Triany]oxaziridines
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A. Kinetics of the Thermal Rearrangement of 2,3eDiany]oxaziridines

The 2,3-diaryloxaéiridines provedrto be a very easy.SQStém for
kfnetic analysis. The desired 2,3-diarylnitrones were synthesized
_.easily by condensation of'thepproper]y substﬁtdted'benza]dehyde
“with'the appropriate pheny]hydk0xy1amine._vIrradiation oflthé nitrone
sd]utipn,yieldéd p.so1ution of the correéponding okazﬁridine] in
high yield based on uv and'agtipe oxygén determinaiiohs.* The
thérma]:reaétipnévof the 2,3-dianyloxazifidfnes, as followed by -
active oxygen titra;jon, was firstfordek fn all cases. A typical
" run is shown in Figure ].. The major prodpcts frpm the reaétioh
were the éxpeqted fqrmamides and anilides resulting from aryl apd
hydrogén_migratfpns from the oxaziridine carbon to the nitrpgen.»

- To inVéstigate the nature of the rearrangemént’reaction,_a
' series of kinetib experihenté.were performed, each varying onevpar—_f
_tipular componént of the’system.:“fhe three major Variab]es invés-» ‘
' tigated Were'the effeété_of solvent, N—pheny]'substituénfs and C-
pﬁeny] éubstituents on the coursepof the feactiop. Fromhthese.
ekperimeﬁts; in conjunction withvalsimilaf 1nvestigétion of the
v‘triary10xa2153dinés, a‘genéra]umééﬁanism for the'thérmaT“kéarranje;.:

_ment of 2-aryloxaziridines will be presented.

fIfkadiation of the nitrones under hitrOth appears to lead td'co]ored
so]utionépwith'reduced yields of oxaziridihe. ‘It appears that the
oxaziridine’itse]f can undergo photpfragrﬁentation2 to yield carbonyl

products plus phenylnitrenes. For examples, see the,expérimental section.



ml Titrant

'J | | . l 1 l

0" S 1.0 2.0 ' » 3.0
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Figure 1. Kinetic Run F-61. 4The'thermal‘reagrangement of -

2,3-diphenyloxaziridine in acetonitrile at 25

- 9




1. Solvent Effects on the Rearrangement of 2,3-Diphenyl-

oxaziridine

In Table I 1s ‘shown the effect of. so]vent variation of
the rate of 2,3- d1pheny1oxaz1r1d1ne rearrangement In going from
iso-octane to ethanol, a rate increase of over 200 is observed.
Thfs 1arge rate increase is not_consistent with a homOIytic N-0
fragmentation where‘the'sensitivity of the reactton to 501vent
_wou]d'be eXpected to be very low. On'the'other‘hand,.the rate in-

- crease with increasing solvating properties of the solvent is con-

eistent with a heterolytic N-0 bond c]eavage Here charge separa- :

,t1on 1s be1ng deve]oped in the trans1t1on state and the so]vents
that tend to stabilize charge will stab111ze the trans1t1on state
and hence 1ncrease the rate of rearrangement |

Another important point that must be recogn1zed is the qu1te

,different sensitivities that pheny]lmlgrat1on and hydrogen mjgrat1on,'

' show:toward solvent. While a change from iso- octane‘to ethanol
. causes a 3 000- fold 1ncrease in the rate of pheny] migration, the j
rate of hydrogen m1grat1on is acce]erated by on]y a factor of 30.

This implies that there 1s»s1gn1f1cant1y more charge separatjon in

‘the: transition state ]eadingftovpheny].migration'than'fOrvhydrogen. ﬂ

migration. This’ aga1n is cons1stent with the formu]at1on of a
.hetero]yt1c N-0 bond c1eavage In the trans1t1on state for pheny]
m1gratlon some degree of bond1ng ex1sts between the pheny] group.
and the n1trogen If there 1s -a positive charge generated ‘on - the

nitrogen, some of the charge can be de]oca11zed on the m1grat1ng

" 95
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TABLE 1
So]vént Effects on the Rearrangement of

| 2,§-Dipheny]oxaziridine at 25°%

0. 0 0
\ .

NoA oo I |
S ——> (g ¢ HCN,
W I o
, ~H Y
Solvent - o Rate (x 10% min'])
| Total®  H Migratioh Pheny];migrationi
Iso-octane w4 o4 <02
Benzene L o 1.36**' 118 o - 0.18
© Acetonitrile 47 3.4 1.3

“Ethanol 8™ 12 56

~ *In this and n the fo]ioWing tables;.thé tota1.réte’refeks:to the sum

of the baftiaT'rate factorsrfor H and phény]Imigratfon; For bther‘

. side reactions see the‘Ekpe?imehta1 Section.’ A]though_fhe die]e@tric
constant fbr-ethanol is appreciabTy 16wer_thaﬁvfor écetdnitri]e'(24.3
Vs 37;5);3vthi§ may ndt be a suitab]e'critériﬁn'for<prédictihg‘$ol- ;.

Yating propertiés, The ion so]vatihg ability of efhahO] is:apbfe-"”j

" ciably higher fhan that offacetonitriie'based on its7Targe_i value .

(79.6 vs 71.3 keal/mole).* B

Similar results were obtained in reference 1.

S 3
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pheny1 group As the po]arity:of the solvent tncreases, the ease

of charge separat1on 1ncreases because of the better ion solvating

: propert1es of the medium. Thus more charge can be delocalized out
onto the migrating phenyl ring, resulttng in a lower1ng of the

energy required for'phenyl migration. .The:hydrogen migration cannot
pe affected as much by solvent stnce additional charge'eeparation
cannot result. Thus, pheny] migration increases relative to hydro- .

gen migration as the polarity of the solvent increases.

2. Subst1tuent Effects in 2-Aryl-3- Pheny]oxaz1r1d1ne

Rearranggments

The most def1n1tive'testvfor dtfferentiating between
l}heterolytic and»homo1ytic N-O bond cleavage is the use of thep
senéitfve probe available in the 2fpheny1 group. 'Electron—donating
and withdrawfng -roups on this aryl group wou]d direct]y conjugate
w1th the deve]op1ng electron-deficient center on the n1trogen .If;
as the solvent effects 1nd1cate hetero]yt1c cleavage occurs, -
etectron-w1thdraw1ng groups shou]d great]y'slow the ratevof re-
harrangement uhile'e]ectron-donating groups'would greatly accelerate .
the rate. If"however; homolytic c]eaVage is occurring, the.pantro‘f ;
compound would be expected to react faster than the p- -H or p- -
methoxy compound 5 ’v |

The rates of rearrangement for a ser1es of nine ‘N- pheny]-
hsubst1tuted d1phenyloxa21r1d1nes have been measured in aceton1tr1]e
.at 25°C. The substituents were varied from strongre]ectron-donators .

~ such as p-methoxy, to strong e]ectron—withdrawers such as p-nitro‘
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and p-cyano. These are showh in Table II. From a quick glance at
the table we find a great variation in the stability of the n-aryl
oxaziridines, the haif-]ives'fdr the reaction yanying from less
than.a'few $éc6hds to many days. In gofng from the p-nitro fb the"
p-methoxy-éubstitutéd’compound; a,rate increase'of‘0ver‘104_is:ob-
Served; HIn-gOing_fme.the p;nifro to the p-methy]-and p-phenyl-
sUbstituted cqmpoUnds where heasingful:rate data can be obtained,
“one finds a rate increase of over 102, Thus, there appears to be
a définité posftive correlation betWeen'thevrate‘of rearrangément
énd‘the eiectronfdonating power of the‘N-aryI substituents. .This‘
is conclusive evidence for the éxistence of heteroiytié N-0 bond
é]eavage and cdrrobdrates what was initially indicatéd in thé‘
'iSOIvent studies. _ | |
,When,posﬁtive chargeAdeveiopment takés place adjacentito én‘
‘afyl group, there should be a Tinear cdrré]ation betweén thé ]dg -
of the rate of reéction with o*6 hich js&a measure of the'eléctron E
'dqnating'abilfty of'the-aryl-éubstituent.‘-A,plot of the log of the
'”rearrangement.rate agaihst the Subétituent COnStant o s shéWn in
:Fiéﬁrelé. | | | 5 | |
' ‘_ As can be observed,'thére is a'consistentvinckease in‘the.rate
of rearrahgement with increased electron-donating ability of the
substituent. Howevér, the.re]ation is not a perfectly 1inéér bﬁe.
A noticeable upward curvature éxists‘with the strongly e1E¢tron-
withdrawing;éubstituents reacting faster than anticipated. Howéver,

Since there is a_competitidn between hydrogen and pheny] migratioh,.
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 TABLE 11
Rearrangement of. 2 Ary] 3 Pheny]oxa21r1d1nes

in Aceton1tr11e at 25°

-

.  e ’ _:_ lI:I;F:c:fi——w-—--|III|———-X — ¢——é——NH——4<IIi;/
S K o B B
+ HC—fE 1‘!‘}

g

.

Substituent - X Rate-(x 10% min7!)

. Jotal H Migration Pheny] Migration

>10% el

p-methoxy . >0 |
‘p-phenyl 60.9 5 6
p-methyl a3 36 B 5
o a3
1.1

pH 470
p-chloro. - 5.50 |
0.8

o W W
1o S T - S S

_p-bromd'[vg' - 4.6
m-fluoro 139 | 1. <0.02
. p¥cyano: ;: ' ‘0'47~ ‘ . <0.01

~ p-nitro ‘ 0.6 0. '.f<0;0] _fﬁ;‘
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Figure 2, P]ot of the tota] rearrangement rate of monosubst1tuted

- 2-aryl-3-phenyloxaziridines in aceton1tr11e at 25°C aga1nst the if;' B

subst1tuent constant o
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it_Would'be_more appropriate‘to plot the partial rate factor for :
hydrogen migration versus o+. This is’done in Figure’3. Again, a
_sl1ght upward curvature is noted. o |

6 have deve]oped a genera] relationship for '

Okamoto and Brown
eStimating the amount of positive charge generated.at an atom 1mme-:
~ diately adjacent to an aromatic ring. Using the_genera]IHammett[

_ equatign,7\ log EB'= PO Br0wn has deve]oped a set of substftuent"
.cbnstants c+ which measures the abi]ify of a given substituent-to'
stab111ze a pos1t1ve charge capab]e of direct resonance 1nteract1on
with the ring. o “then is a measure of the sens1t1v1ty of a part1-'
cular react1on to the ary] subst1tuent Since the more pos1t1ve *
charge-generated, ‘the more responsive the.rate of the reaction
shou]d=bei£oward the ary1 substituent, o represents a measure.of

the degree of pos1t1ve charge deve]oped dur1ng the react1on The
value of p ion varies significantly. For 1nstance, 1t has a 1ow
u>va1ue of -0.6 for the DieIS;A]der addition of 1—ary1butad1ene58
to maleic anhydride, a reaction}thatAis.thought to proceed through ,‘
“an almost concerted reaetion_With very little charge'separaffon.
- At thejother extreme a value of -12 is obtained in the brominatien
of substituted'benzenes in aCetit acid. 91 Here electrophilic attack :
"by a bromonium ion generates a pos1t1ve charge d1rect]y on the

: aromat1c r1ng - |
o In the rearrangement of the d1ary]oxaz1r1d1nes, a rough value

for p of about -2 can be calculated from Figures 2 or 3. This

figure is near the lower end of the values of p that'have‘been_‘
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tuted 2-aryl-3- -phenyloxaziyidines in aceton1tr11e at 25°C aga1nst
the substituent constant ¢ .
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‘ . + '
-measured in po correlat1ons and is 1n keep1ng w1th a mechan1sm in-

' ;»vo]v1ng a s]1ght degree. of pos1t1ve charge in the trans1t1on state'

'rfor the reaction. As a -comparison, the so]volys1s of cumyl chlorides

6 In these solvolysis reactions, -

in 9Q%facetone-shows ap of -4.5.
it is expected that a high'degree of positiVe'charge is'generated
_ at the a;carbon during the reaction.. S1nce our value of o 1s con-
‘s1derab1y sma]]er than the values for these so]vo]yses, the amount
‘of pos1t1ve charge generat1on on the n1trogen dur1ng the trans1t1on
state of the react1on must be much 1ess Thus the . simplified
'p1cture of the react1on proceed v1a s1mp1e hetero]yt1c N-0- bond -
cleavage to yield a h1gh energy switterionic spec1es fo]]owed by :
rearrangement cannot be correct Instead a much less po1ar tran-‘
sition state is probab]y 1nvo]ved in the reaction. »
The resu]t to be not1ced about pheny] m1grat1on is the fact
'_that it is not observed in systems w1th strong]y electron- w1thdraw1ng
-groups Th1s is cons1stent w1th what we have learned from the
) solvent effects on ary] migration (Tab]e I). Then cond1t1ons are
3 favorab]e;for charge separation, aryl migration occurs. -In.th1s
' Case,.the strongly e]ectron-withdrawing groups; by'destabiTizing.
N positiVe charge development on.the.nitrogen, retards‘hetero1ytic
'h~0 hond c1earage Since. po]ar1zat1on of the N- O bond is h1ndered
there shou]d be cons1derab]y less charge separat1on 1n trans1t1on
rstate for these compounds than in compounds with more e]ectron-

_donat1ng 5ubst1tuents. With 1ess pos1t1ve charge on the n1trogen,

Tessvaryl migration occurs. Thus'1t appears that the sensitivity
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of the aryl ‘migration to charge on the nitrogen is s1gn1f1cant1y
e'h1gher (p N =3 to -4) ‘than the sensitivity of hydrogen m1grat10n

- The data points in the pc+ corre]at1on plot shows a large
,anount_of'scatter from any Tine drawn through them, However, this'
scatter'may.be due to the selection of c+'as.a measure.of the charge
donating ab ility of the substituent ' Theseivalues 6f o are'based '
“on the so]vo]ys1s of subst1tuted t-cumy] ch]or1de in acetone water u
in wh1ch presumab]y, a carbon1um ion-like spec1es is 1nvo]ved 6
"However,vwe are not dealing with- carbon1um ions. Instead we are
concerned w1th a R2N 1ntermed1ate wh1ch because of energet1c »v
1d1fferences and the presence of an unshared pair of e]ectrons on
'the_n1trogen, may not exactly fo]]ow,a oF corre]at1one' It would
| bé desirable to construct a new:po_systemifdr RZNf species but, at
present the data on these intermediates isitao.sparse to,make such
a system feas1b1e . | '“

Two- conclusions can be drawn from the prev1ous resu]ts on 2-
ary1—3-pheny]oxaz1r1d1nes and so]vent effectS' 1) the N 0 c]eavage
is heterolytic, and 2) the ]1ke11hood of greater charge separat1on
~ favors ary] m1grat1on v | | |

From these two resu]ts we should be ab]e to pred1ct the effect,?
of 1ncreas1ng the_10n1z1ng»power of the so]vent on the,course of
the rearrangement'cffN-phenyT-substituted—diary1okaziridines The
oxa21r1d1nes w1th electron- donat1ng groups shou]d react even faster -

and shou]d g1ve more aryl m1grat1on The oxaz1r1d1nes w1th strong

*The one anomaly, the p-methoxy group, will be'diSCussed later.
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electron-withdraﬁing éroups should be‘les§ affected by the solvent
| change, since there is appreciably less ghargereparation in these
:caées.'ﬂAlthough their overall rates won't be affected aslmuch,
there»should be more-aryl -migration thén was seeﬁ»in‘]ess,ionizing
solvent. | | /

' The rearrangements of N-phenyl-substituted diaryioxaziridines
in ethano] is shown in Table III. Changing so1vent‘ffom aceto-
nitrile to ethanol éffects the rearrangement exactTy as predicted.

" The p-H compound increases'fn fqte'by 15 and thé'pjméthyi compound
inéreéses by at Teast 250,_Whi1e the eiectkon-&ithdraWihg n-fluoro
and p-cyano compounds show an increase in réte of only 2 and 5
‘Aryl migration fs inéreésed_as the pér;ent ofvdnyl migratibh fn the
p-H ‘compound goes from 30 to.83% and the'p-CHé increases from-ls'tb
95%. Though fhe rafeé of'reérréngeﬁent of the m-fluoro and p-cyano
compounds do_not increaée appreciab]y, the amount of phenyl

 migration, though'st111 véry small, becomes detectable.

- 3. Substituent Effects in 2-Pheny1-3-Aryloxaziridine

~ Rearrangements

From what has been;cohcluded about the'keérrangement reaction
S0 far, it‘would be expected that a Substjtuent on the C-pheny1 grbub |
~would have an appreciab]e effect on the migréﬁing ability df fhat:anylg
.groub, In thelmigrations tobané]ogoUs carb0nium_ion centers; the.
: differeﬁce in migratory'aptitude'of substituted-pheny1 groﬁps is _ 

significant. For eXample,.in the pinacol'rearrahgement}of symmetrical



106

TABLE ITI

Rearrangement of 2-Ary]-3-Phenyloxaziridines.‘

in Ethanol at 25°

Substituent

X
p-methoxy
p-methy]l
K

. m-f]ubro'i

p-cyano

o - 4‘m1n;‘) o

“Rate (x 10

‘Total  H Migration  Phenyl Migration
s st

>10% 55 x 102 4

>10"
68 o2 s
22 s 0.4
24 21 o3

*95% phenyl

migration and ca. 5% hydrogen migration were observed.
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: tetra-ary] g]yco]s; the p-anisyT_group migrates'ZOO times faster
than phenyl, which in turn migrates-TO_times faster than m-chloro-
'pheny]']O An. even c]oser%analogy can be found in migratory apti-
tudes in the ac1d cata]yzed rearrangement of d1pheny1methy1 carbinyl
azide: ]0 (x ¢2(CH3)C N3) to acetophenone1m1nes S1nce this
-react1on:superf1c1a11yvpresumab]y involves rearrangement to an
‘electron def1C1ent R-NH' species, there should be some correlation |

w1th.the oxaziridine rearrangement system, Ege]]

found that-
'methoxyphenyl_migratés at least 100 times faster than the phenyl
~and the prbromopheny1 migrates 1/3 as_fast as the phenylt,‘Thus
‘this reaction too shows a high sensitivity to substituent. |
» Therefore, in analogy to m1grat1ons to e]ectron deficient.
centers of this type we wou]d expect the e]ectron donat1ng substi- -
tuents on the C-pheny] 1n'the oxazir1d1neawou1d'cause 1) the reaction
to proceed faster and 2) more'aryl mfgration to occur. Table v
shows the results of kinetics on the rates of rearrangements of -
C- pheny] subst1tuted d1ary1 oxaz1r1d1nes 1n aceton1tr11e at 25°C.
As one can eas11y observe, our pred1ct1ons were comp]ete]y wrong
'It appears , that to a f1rst approx1mat1on, the rate of rearrange-
ment (except for the d1methy1am1no case) 1s independent of the

substituent. Th1s insensitivity to subst1tuent is difficult to-

. rationalize.

Two*poSSib]e explahatfons can be pdt‘forward. One‘can argue
that the aryl migration“fs of a radical nature. Then the effects

of substituents would be expected to be much less. But this
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~ TABLE IV
Reérrangement of Z;Rhény]-3-Ary10xaziridines

~in Acetonitrile a£*25°

N

" H\ ./O\ |

| | e
- : : ' ' o o
- c — C—NHg HCONgg—X
o _ ~H - ~Aryl
4

Substituents - X - Rate (x-10% min"l)

~

| | Total = ' H Migratioh' ”  'Ary]‘Migration
p-dimethylamino - 51* ‘; 34 _ Y

. p-methoxy - .. 4,2 o ‘ 3.5 : | 0.7
p-H a7 343
p-ch_lorb - B 7S T ' SR O

| m-nitro a8 a3 0.5
p-nitro . 56 Cos1 0.5

- *In addition, 13% of the total reaction is reahfangement'fo‘the  

~ corresponding nitrone.
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°»,‘EOntradicts'a1] the previous results we have obtained which sub-
v ”stantiates the_heterOTytic N-0 bond cleavage. ih additiqn, even
in radical rearrangements,nthere is migratory specificity with
thenylbgroups wafh, electron withdrawing subsfthents such as
the p-nitro grenp migrating significant]y faster than the‘phenyl

12 This 1s not found.

group 1tse1f
The other poss1b]e rat1ona]e is that, first, not much. charge )

separatlon is generated in the‘trans1t1on state for aryl m1grat1on;_t

and.second, the’migrating aryl,group does not delocalize much of

‘the‘charge-in the transitidn,sfate ]eading‘to ary1 migration.

Thus a transition state like the onenpictured'be]ow (1) can eanain

the results.

: '(I)n

.fHere aryl m1grat1on is not very advanced in the trans1t1on state; and
- hence, the amount of pos1t1ve charge deloca11zed ‘onto the ary] r1ng
is quite small. Thus, sens1t1v1ty to the subst1tuents on the aryl
ring woilld be expected to be low. This iS in general agreement '

]3 ‘which states that the trans1t10n state _.

kw1th Hammond s Postu]ate
for a reaction shou]d more closely resemble the h1gher energy spec1es

‘Since in the oxaziridine to anilide reaction, the oxa21r1d1ne is



110

definitely the higher energy speties,_the transition state shouid
be fairly cibse to the oxéziridine structure.. Hence a ffanSition
state whereIVery little aryl to,nitrogen bonding takes place, is
‘to be expected. |

_“The.fact that generally no>sensitinty at al]’is.seehvﬁith :
substituent may indicate the existence of an "isokineticvéffect"{f
asithét observed in'the thermal rearrangement:ofAtriaryT methyl-'

azides14

and in a great number of other diverse reactions.™
As ‘the jon stabf]izfng deef'of the thefso}Ventvincfeases, onevT

_ would, as pkeviously;'expect.greatér aryl mfgratibn since charge
'separation will be moréjStabi]ized, This is what is found, as
shown ih Table V. | | |

~ When the solvent is changéd fromvacetbnitriTe-fQ ethanol,
‘the rate of aryl_migration fncreases (compare Tables‘IV and V), 40-
fold with the p-nitro compound, 50-fold with the unsubstituted =
compound and 300-fold with the_péméthOXy compound while hydrogen
migration is much less affected; Again thé accelerating éffect of -

' .mofé po]af solvents on any]lmigfation isaséen}:.The most sfgnifi_
cant change, howéver, is‘the inCrgased sensitivity of the aryl
migkatién to the sUbstfthnt on.fhe_migrating aryl rinQ;

In ethanol, the b-méthoxyphény] group mfgrates 10_times fasfer b

than the p-nitrophenyl, whereas in acetonitrile they migrated at =

.

*The isokinetic effect indicates some propbrtionélity'betWeén the en-

ihalpy and entropy of a reaction. Thus AH_=>BAS.7 f'

**Reference 7, Chapter 9.
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TABLE V

m

" Rearrangement of 2-Pheny1-3-Aryloxaziridines

in Ethanol at 25°

qustitueﬁtfy

X

| p?dimefhyTamino v

'p-methoxy'
o-H

p-nitro

A |
o e

Rate (x 10% min'])7  :

Total H Migration
2 x 10500 g3
, .1'-93  o .
68 - : 12
o 3

~ Aryl Migration

2 x 105(1)
193
56
19(1)
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AzapproXimately the same rate. This increased SehSitinty to‘substi— |
tuent‘probab]y fndicates that more positive charge'is‘being de-"
Tocalized in the ary] ring during the migration. This in turn'
'.1mp11es that the degree of bond1ng between the m1grat1ng any]
group and the e]ectron-def1c1ent nitrogen in the transition state '
‘_ter“migratiOn is increased, 'thus'increasing the;senSitivity of .
the reaction to: the aryl substltuent

| When one sees a series of ary1 groups m1grat1ng to an e]ectron-
def1c1ent center, the quest1on of the possibility of anch1mer1c o
_assiatanCe-arises Anch1mer1c ass1stance 1nd1cates an accelerated

ionization_cauéed by ne1ghbor1ng group part1c1pat1on. In the

-oxaziridine system, this WOUId inv01ve‘the pahticipation of the C-._’
aryl grdup in the;heterolytic ETeavageZOf the nitrogen-dxygen bond.
_Thfs partieipation shou]d be'apparent experthenta11y'in an unexpeetedly
high rate of react1on For 1nstance Nor]ander found that the so]vo-

‘1ys1s ofcx-phenethyl tosylate 1n tr1f1uoroacet1c ac1d is 3000 t1mes
faster than the. solvolysis of the unsubst1tuted ethyl tosy1ate ]7

Tn1s acce]erat1on is due to the part1c1pat1on of the phenyl group

~in the 1on1zat1on of the tosylate 18

}}‘ One of. the characteristics oftary] particibationj0f=this fdrm),ji
is'that.the stronger the electron-donating ability of the particif

pating group, the'more_stabiljzation‘thathwfll_reSult, and hence

' the faster the reaction will occur.'® For instance, in the solvo-
lyses of substituted benzonorboreny]-9-ahenesu1fonates, Tahidagok

~ found that the methoxy?xnbstituted‘compound reacted 5 x'105_ttme§'

*For a general review_of anchimeric assistance see the survey of Bar‘tlett.]5
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faster than the'nitro-subStitutedhcompound. Although we wod]d not
expect a rate djfference of such magnitude, we wou]d3expect to‘See
.some:effect. _ |

If significant anchimeric assistance to N-0 bond c]earage by -
an aryl group is occurring, the result should be visible as en in-
'crease in the total rate of both reactions. ‘Changes in'the migra-
‘tory ratie'between‘ary]'end_hydrogen migration wi thout anlincrease‘
in the tota]rreaction'rate'wou1d indicate on]yfthat the migrating
:'aryl group competes more effective]y with hydregen for reactfon
“with the eTectron-deficient center without anchimeric assistance.

In Table IV we see that in going from the p-nitro to the p-
methoxy subst1tuted Cephenyl group in aceton1tr1]e no 1ncrease 1n
the‘rate of ary] m1grat1on or 1n'the total rate 1s-observed. ObQ:
viously no anchimeric aSsi;tance is eccqrring;f.However, with the
| strongly ‘electron-donating dimethy]amino_groUp;_a_rate increase of
| over 10 is«seen * _Thjs'may be_an‘indicatjon of some degree of arY]
Part1c1pat1on In ethandT this.effect is eVen more noticib]e The
p- d1methy1am1nopheny] group in ethano] m1grates 104 t1mes faster
- than the unsubst1tuted phenyl.

Th1s effect can be seen even more dramat1ca]1y in F1gure 4,
where the ]og of the rate of ary] m1grat1on in ethano] is p]otted \
aga1nst the subst1tuent constant o'. From the effect of subst1tuent}'

on the aryl migrations of the p-methoxy,:pQHvand p-nitro substituted.

The accelerat1ng effect of the p- d1methy1am1no subst1tuent on hydrogen
migration (Tab]e V) probab]y ref]ects its stab111z1ng effect on the

pos1t1ve1y charged trans1t1on state for hydrogen m1grat1on
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Figure 4. A plot of the rate of aryl migration in 3-aryl-2-
phenyloxazigidines in ethanol at 25°C against the substituent.
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phenyl groups, a value of p for the'rearrangement of about -0.7 Ean

be ca]cufatedf It is apparent"thatvthe defmethylamino compound

deviates_significant]y from this 1ine,‘reacting about 300 times‘v'

‘faster than would be expected from an extension of the oo’ line

for the other substituénts.,-»' '
.This'éhggests_the poésib]e existence.of a discrete phenonium

iqn-typevintermediate-(II) in this reaction. Thus it appéérs that

in ethanol at least anchimeric assistance to bond cleavage does:

A
H—C —

e,

- (I1)
o;Cur'when'the_migrating_pheny] group isisubstituted with a very
Strong]y_e]ectroanonating group such as the p-dimethylamino;,

~ Judging by the‘]ow va}de qf o (ca. -0.7) fok aryl migration. .
that canhbe estimated from the rates'of rearrahgément of p-methoxy, -
pr,_ahd-p-nitro_compouhd§'in ethand], 6n1y a limited particfpatidn N
' can‘exist;..in coﬁtrast,-ih the-rearrangement of‘acetophendne 6xime f:
‘picrates.whereiﬁignificant anchimefic assisténce is'th0ught to . .

exist, a va]ué for o of -4.1 is ca1cu1ated;2]

~ Likewise, in acid
caté]yzed,réarrangemehtsﬁoffsubstitutéd béhzhydry]azides%where an
e]ectron—deficient nitrogen is involyed, a value‘of over -2 is

found for 0.22 v
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v.4. Effect of Added Bases on the. Rearrangement of 2,3-

D1pheny]oxaz1r1d1ne

The rearrangement of hydrogen has cont1nua11y been d1s-
cusseéd in terms of a hydride migration to the nitrogen. However,
thereiare/severailother possible mechanisms that’must be considered. -
The main.afternate theory is a proton.absraCtion reaction;to give
fthe'corresponding'eno]ate;type ion (IV),:fd]]bwed by1isomerizatign

f to the correspdnding amfde;

o o

N AR
g ——N—g —Bis 4o g — gt
B : : H
w8 4B
(V).

. In so]utionfthe presehCe of trace amounts.cf water maynproviderthe‘ﬁ :
base necessary for the react1on to proceed To eTiminate this..
’poss1b111ty, the effect of base concentrat1ons on. the rate of re-
: arrangement m1grat1on was 1nvest1gated

The add1t1on of 2% water to an aceton1tr11e solut1on of the
dipheny] oxaz1r1d1ne resu]ts in a 30% 1ncrease 1n rate It is ob—'

'v1ous from th1s resu]t that water is not. serv1ng as a base for

‘oxaz1r1d1ne proton remova] 51nce a many- fo]d 1ncrease in water con- ff :

ftent causes only a slight rate Change Th1s small rate 1ncrease ,"ﬁ
can be fu]ly rat1ona11zed as an accelerat1on due to the ex1stence

of a more - polar so]vent system
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An; attempt to determine .the efféct of stfpnger amine bases -
on the rearrangement'réaction was also made. When 100 m1 of an .
acetonitrile so]ution;of'the 2,3-dfphenyloxaziridinevis reacted
wifh']-]/z ml of triethy]amine, the oxéziridine disaﬁpears; at a
| rate 46 fimés.fastef than normal. Ana]ysis‘of thé resuiting solution
indicates that'thé.on]y.major'prqduct is not the benza;ilide, but
benzaldehyde ahi]ﬁ Thus it appéaré that instead of acting as a
_ wéak base, the'friethylamine is being oxidized by the'oxaiiridinev
to‘triethyfhmineoxide. Similar results were found by Emmbns,23*
who noted that alkyloxaziridines oxidize brucine to brup&' ne-4_-oxidé; o
Reaction of diethy]amine'with‘the diphenyloxaéikidine_resu]ts in
“the rapid disappearahée of thevokaigridine. Product isolation shows
only tw0'n@jor components, bénza]dehyde and a product with the |
characteristics consistent with the'structure]of l,l-dfethylpheny]- ?
‘Hydrazine_(III); the'product that wbu]d result from amine attack

on the oxaziridine nitrogen.

¢—C— —g + HN(C2H5;)2 —> BCHO- + BNHN(C,H, ),
l K . _ _ _
H ' - _
(111) -
“Schmitz?* has reported similar results in the reaétion*of isoximes

(oxaziridines with_é‘hydrogen on the nﬁtrogeh) where rééction\with 'ft
aniline yié]ds the corresponding pheny]'hydrazine. Thus it-appéars
. that nucleophilic attack on the ring-systemvgenérally occurs on the - -

njtrogenvand not on’thevcarbon,'thUS againiindicafing the pd]ariied b
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" nature of the N-O bond.* Benzani}ide formation is independent of *
“'thé_presén%e-of bases, and'therefore,'fn the pfésehce.of @xaziri-
Sdineé, theAstroﬁg nitrogen bases appeaf to act only as kéducing |

- agents and ndc]edphi]e#. Thﬁé,'benzanilide'fofmation appeaks to

" be a rearrangement reaction and not a proton abstraction.

* Schm1tz has: a]so reported that hydrolys1s of 1sox1mes w1th ac1d1c ‘t:;‘

018 24

y1e1ds labeled hydroxy]am1ne, aga1n 1nd1cat1ng a nuc]eoph111c

' attack on ‘the ring n1trqgen,
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Kinetics of the Therma] Rearrangement of 2 3,3-Triaryloxaziridines

It seems fa1r1y certain from the k1net1c resu]ts of the 2,3-diaryl-"

oxaz1r1d1ne rearrangements, that N-0 bond c]eavage is hetero]yt1c
'-Substantiating evidence for this mechanism may a]so;be obtainable
from an investigatiOn of the rates of rearrangement of the triaryl-
oxaziridines -- assuming that'their rates can be measured. |
'In'one respect the triaryloXaziridineSvhave‘an inherent advan-
tage over the d1ary1 system “In the d1ary1 system conformat1ona1
~effects may be 1mportant. Thus the N- ary] group is capab]e of. be1ng
eTther on the‘same side'of the r1ngvas the C-aryl group or as the
oxaziridine hydrogen but because of ster1c 1nteract1ons, the N -aryl
group would probab]y spend most of 1ts t1me "cis" to the hydrogen
This could, in turn, 1nf]uenee the m1gratory:behav1orvof the aryl
group reTative to the hydrogen. 'Thus any phenyl‘to hydrogen migra-
’.tion ratio may not’indicate true migratory preférences, but instead
ref]ect the effect of the fayored conformer,of’the oxaéiridine ring.
w1th.the tripheny] system, these conformational effects are elimi-
.nated. The pheny],grounsﬂare.of the same general sizefand faci]e
'interconversion between the conformers should oceur, retaining an
approxfmately 50:50 mixture of "cis" and»"trans"‘fsomers Thus
m1gratory apt1tudes 1nstead of conformat1ona] stab1]1t1es shou1d
determ1ne the course of the rearrangement | ‘
Unfortunate]y, trlaryloxaz1r1d1nes have never been detected
let alone Jsolated. - If previous workers are correet (see Intro-v

duction), they may be too unstable to even be detected in solution.
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But even if they are not detectab]e studies of the rearrangement
products from the oxaz1r1d1nes shou]d g1ve us valuable information
about the charge on»the njtrogen during the rearrangement._ With
this'indmind we’attempted the synthesis of these.triary1oXazirﬁdines
by irradiation of the appropriate triarylnitrone, following the | .
‘same approach as that used in the d1ary] system Un]ike the a;N-
d1ary]n1trones, the a,a,N- tr1ary]n1trones cannot be synthesized by
a s1mp1e condensation of a ketone with a hydroxy]am1ne Instead

25 was adapted 1nvo]v1ng the. react1on

the general method of‘Johnson
of a diazo compound with a nitroso compound as shown below:

/

Ar,CO  +  NHuNH, - — s ArCNNH,
e . e CEton B2

AgéO or Hg0

' _ :.Zn. ’ _
Ar'NO2 —> Ar'NO + Ar‘-'CN2

: ‘ 2
»_NH4C1 .,l co ’
. /o

Ar,C = N
2 \\Ar
By th1s method a var1ety of N- and a-subst1tuted tr1ary1n1trones»
.cou]d be prepared | |
Irrad1at1on of the n1trones resu]ts 1n the comp]ete d1sappear-»‘
ance of the 1ong wavelength n1trone absorpt1on and the appearance
‘of a short wave]ength absorpt1on 1nd1cat1ve of -a nonconJugated

system.
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For instance, 1rradiation df‘an'ethano1*$olntionvof the trie
'_ pheny]nitrone (V) (pax [ethan'ol]' 3N nm'['cn oo’O]) i.n' a uv cell
,for one minute with GE-DBX photospots resu]ts in-a product with a
uv spectra show1ng on]y end absorpt1on (at 230 nm [ 12,600]).
Th1s spectrum changes only slowly (over days) upon st%nding, and
;comparison‘with the spectrum oftthe expected product, benzoyldif
phenylamine (VII) shows they are not the'samef An-active oxygeni~
titration of an‘acetonitri]e'so]ution of the irradiated triphenyl-
n1trone prepared in the same manner as the d1ary]oxaz1r1d1nes shows
a 1OOA y1e1d of active oxygen F1na11y, ref1ux of the acetonitrile
So]ut1on resu]ted in a h1gh yield (757) of benzoy]d1pheny1am1ne
(VII) the expected product from rearrangement of  the pheny]-
oxaz1r1d1ne  Thus, it appears that the same character1st1cs usedb
' to 1dent1fy the d1pheny10xaz1r1d1nes are a]so found in the photo-
product from the triphenylnitrone.

On th1s bas1s, the photoproduct from tr1pheny]n1trone irra-

diation was 1dent1f1ed-as the tr1pheny10xaz1r1d1ne,(VI). Other _
irradiated ni trone solntidns showed similar characteriettcs, Sdm_
'_narized be]ow in.Table‘VI are the'spectral and active oxygen proé ."d

pert1es of some of the tr1ary10xaz1r1d1ne solutions that were -

m@pmed o _ L l

0 o :
¢,C = N _hy ¢ZC£——N—¢ —L5 geong,

v) e

Thus it'appears, contrary to'expectatjons,.that‘the 2,3,3-trtaryi-

oxaziridines can be prepared and characterized in solution. It was
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TABLE VI

P X- ¢//

uv A ofvthé- R

max
m trone

éacetbnitriTe)

Propert1es of Tr1aryloxaz1r1d1ne Solut1ons

[ Q\\C/’O‘;

_____.N._.¢p-A

uv A’ of-the”'
':OXaz1r1d1ne o
(acetonitrile)

Active
oxygen

end absorpt1on at

314 nm (.11,400) 997

- o | | 230 nm ("£12, 400)rﬂ_'f
N0, H 361 nm ( elo 300) o

OMe H 318 nm (<14,100) =.'234 n ezo 900)“f'4g 1003

BrH  ':318 nm'(ﬁ;]3,060)¥' | i
W oM 313 <ee19é300)" SRR ,;‘-'fi’,', .
H .‘Noé_  '300'nm ( <12,800) |
H o Br 313 nm (ielé,BOO); (sh) 250 i ( <16 600) '190%1%

NO, OMe 368 nm (.c9200) e _* 1» ’_**'

267 nm ( e14 500) - e
v 228 nm ( €23 300) ‘ ]OO%"ﬂ

i‘z51 nm ( €]6 zoo)'f  _“v]00%_‘ L

V*Only'the'anilide Was observéd,-243 nmk(EVZ3,4OO)

0n1y the an111de was observed 243 nm (.518 600)
( 55 760)

(sh) 324 nm -
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TABLE VII

L 123

ﬂ\\cf:?::NQ4!i}»4——e»¢§'{I:,}-4 +

0 ) :
04
FOSLE

. H

H

xx | 'y Solvent Rate (x 104 Migration Ratio
min'j) ‘ phehy]/afy]
fH:' W Acetonitrile 0.34 -
p-nitro | . " .”: 0.6 1.2
p-methoxy H, . Coas 1.5
| | : 1:p:methoxy " 5?041 | -—-
H 'nAp-ﬁftro | " < ;O]aﬁ —
H ~ Ethanol 0.70 ---
‘p-methogy. K " 1.2 ];5
: p-nitrd H s -— ] 5 B

3After one month, the compound still showed a 75% active oxygen con-

téht.'ﬂﬁnélySiS‘of_thé solution refluxed for several days showed

béhzobhénone as the major-product with'only trgbes of the desired

anilide.



s

also found that the. oxaz1r1d1nes were genera]]y stab]e enough for

~ kinetic data to be obta1ned

In Tab]e VII is shown the resu]ts from k1net1c measurements

on,several of the-oxaz1r1d1ne so]ut1ons. As can be‘seen‘from the

table, the triaryloxaziridines are eXtremely stable. ;For instance, -

the triphenyloxaziridine has a half-life of about 10 days in aceto-
nitrile Tf'about'ten times as long as thevcorresponding diphenyl-
oxazirfdgne In ethano] its half- 11fe is 100 t1mes longer than its
l_d1 pheny] counterpart _
The reason for 1ts stab111ty does not lie in the absence of a.

hydrogen capable of m1grat1on s1nce pheny] m1grat1on is also a ;
.relat1ve1y fac11e process Rather, it appears to-11e in the 1n-'
ab1l1ty of the N- phenyl group to adequately stabilize deve]op1ng
posjtwve charge on the ne1ghbor1ng»n1trogen,. Molecular models
indicate that there are serious steric interact1ons between the .
“three groups in the system. ' It appearsfthat'theftWO phenyiﬁrings _
attached'to-the carbon_forcelthe nitrogen phenyl'to assume a con-
'formation:where_it cannotfeffectively,stabtiize the N-0 bond =
 cleavage. | o o | | t
| The effect of‘Substituents'on the N-pheny] is quite marked~'
\h (Table VII). Wh11e the p-methoxy compound is too fast to measure,

: the unsubst1tuted compound has a ha]f life of about 2 weeks At '
the other extreme, the p-n1tro substjtuted compound rearranges atf
" a rate too sTow to measure and instead, another’reaction»takes'
place which slowly yields benzophenone_as the‘predominantlproduct.

'Only a trace of what could be the desired product was visible by
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TABLE VIII

Solvent Effects on the Migratory Aptitude in

the Rearrangement of‘2-(4-methoxypheny1)-

j 37(4-nitropheny1)-3-pheny10xaziridine

Solvent .

OMe

Migration Ratio

Ethano]v

Rate'(x 10* min”!) - pheny1/p-nitropheny]
o Benzene. | ~10% - o 1;3:'
Acetqnitri]e >104 4
B R
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using:a more po1arizing so]vent dOesn't appreciab]y_affect the
amount’of charge separation This is simftar to the rearrangement
jof 2- (4 n1tropheny1) 3- pheny]oxa21r1d1ne (Tables 11 and HI} where
solvent variation had very little effect on the rate.

However “the effects of solvent on the 2- (4-methoxypheny1)-
3-(4- n1tropheny]) 3 phenyloxaz1r1d1ne 1s more 51gn1f1cant The
‘resu]ts of solvent changes with this compound are shown 1n Table
VIII, L1kevthe 27(4-methoxypheny1)53,3-d1pheny]oxaz1r1d1ne the - :
_compound rearranges too}faSt to bé'iSolated This h1gh rate i
_'p11es that because of the presence of a p—methoxy group, ‘the
.trans1t1on state for th1s react1on 1s much more- po]ar than for the
'normal tr1aryloxaz1r1d1nes with an unsubst1tuted N phenyl )

| However, there appears to be a definite trend in the m1gra--sk
tory behavior of the two 3- ary] groups In benzene, which is’ a‘p%}v”
poor charge stab111z1ng so]vent, there seems to be very 1ow
se]ect1v1ty in the relat1ve m1gratory ab111ty of phenyl vs p- -

n1tropheny1 In aceton1tr1]e a better charge stab1]1z1ng

. so]vent the pheny] mlgrat1on becomes apprec1ab1y faster than

the p- n1trophenyl In ethano] the most polar so]vent used the |
pheny] group m1grat1on is. respons1b1e for over 90% of ‘the overa]l ,.ff
reaction. |

| This again 1s 1n keep1ng w1th a greater and greater deve]op-u
ment of charge separat1on as more po]ar so]vents are used. A
_7the react1on becomes more 1on1c, ‘the aryl group ‘most capab]e of . ;j
'stabilizing a positive charge is ‘the one that preferent1a11y |

1'm1grates.
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The added stabilization of.thevground state of the b-nitro
~and p-H compound dne to interactionvwith.the nitrogen e]ectrons‘
- and the‘conformationaT‘stabilization of the p-methoxy transition
state both tend to exaggerate the value of p'found.for”the '
reaction ‘Thus the targe negative 0 cbserved can occur Without-
'1nvok1ng an extremely h1gh degree of pos1t1ve charge on the oxa-
"z1r1d1ne n1trogen during rearrangement. Add1t1ona1 ev1dence for
.a ]cw degree of positive chargé on the n1trogen'can-be found by
noting the migratory apt1tudes in the tr1ary1 system
The m1gratory ab111t1es of the C- pheny] groups seem to be:

qufte 1nsens1t1ve to phenyl substituent. For examp]e,_1n aceto-
nitrile and ethano] the pheny] and p- n1tropheny] groups m1grate
with about equa] fac111ty Th1s-para11e]s the same insensitivity
found fOr ‘the rearrangements of the diary]oXaziridines'in aceto-
nitrile. In fact, in the case of the 3- (4-methoxypheny1);2 3-
d1pheny] compound, “the phenyl seems to m1grate in preference to _
the methoxyphenyl. Th1s may 1nd1cate ‘some type of conformat1ona]

effect bnt a mqre adequate exp]anat1on for th1s strange m1gratory
‘vpreference is still Tacking. This;insensitiVity to substituent
}'indicates that very little positive charge is being de]oca]ized
into the migrating aryl group during rearrangement. |

The solvent effect}on=the rate of rEarrangement in the un-

substituted and the 3-p-methoxypheny]l compound'is‘very minor, as

the rate in each is only doubled when ethanol replaces acetonitrile -

as solvent. This adds credence to the idea that very little charge

separation is actually involved in these rearrangements and even
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charge on the nitrogen in the trans1t1on state can st1]1 exp]amE
the observed 1arge negative p for the rearrangement

“A second factor p0551b]y responsible. for the h1gh sensitivity'v
-to subst1tuent is the presence of the unshared palr of e]ectrons
on the oxaz1r1d1ne n1trogen - The tendency of the N -aryl group to
'1nteract w1th the unshared e]ectron pair is proport1ona1 to the
'”ab111ty of the ary] group to stabilize a negat1ve charge. “The p-
: n1tropheny1 w1thA1ts strong]y e]ectron w1thdraw1ng n1tro-groupv |

wou]d most effect1ve]y interact w1th the unshared pa1r as shown in

' IX. The phenyl group would 1nteract but 1ess strongly, and the 4~

| methoxyphenyl group wou]d_1nteractzvery‘11tt1e because of the.

,;e]ectron repu]sion_between the methoxyvgroup'and the unshared _

//0\\ 4""} N+ { _':T
| (x)

Th1s resonance 1nteract1on of the N -pheny1l’ group w1th the unshared

. electron pair.*™

‘ e]ectron pair shou]d a]so occur in-the d1ary1 system

: A'good est1mate‘of this effectvcou1d’be obtained by determining the -

, inversiOn-rates of N-aryl aziridine where increased aryl interaction .

‘with the nitrogen unshared e1ettron pair would increase“therrate of

- .nitrogen inversion. Unfortunate]y, th1s work has not- been done

estimate of this effect can be made from the work of Curt1n et al. 26 f

| who found in the 1somer1zat1on of N-substituted tr1ary11m1nes that a
| p d1methy1am1no substituent decreased the rate by 10 wh11e a p-

,carboethoxy group 1ncreased the 1nvers1on rate by 15.
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of the aromatic rings. Because of this twisting;'the N?pheny1

group is not in an orientation to effectiveiycstabi]ize the deve-

lToping positive charge on the nitrogen, caused by N-0 bond c]eavage."'

Instead of being.alfgned with'the N?O bond"the piélobes on the
v“'pheny1 r1ng are at some ang]e e to the break1ng bond. Thus, as an‘
approx1matlon, the effect1ve resonance stab111z1ng power of the
pheny] groupv1s reduced.by a factor of rough]y cos-e. ;Th1s re-"'
duction in resonance Stabilizingvpower_results i&'g greatly de-
creased rate of‘N-O bdnd c]eavage tor the trfaronxaziridinesi |
On the other hand, the d1aryloxaz1r1d1nes do not have this great |
ster1c 1nterference hence the resonance stab11121ng power of the
subst1tuted N- pheny] is not decreased _ |

| The p-methoxyphenyl_compound shou]d,suffer theﬂsame“fate-but
‘the strong'electron donating ability of the'p-methoxy group may h

| he]p a]]ev1ate th1s problem. The e]ectron donat1on of the p- methoxy

“group a]lows greater N-0 bond stretch1ng by stab111z1ng the pos1-'
tive chargeawh1ch 1s-deve]op1ng on the~oxaz1r1d1ne n1trogen, Th1s
Tengtheningrof the N-0 bond'causes loosening-of}the'three-membered
ring, whichdin turn reduces the steric,interactions betWeen'the 5

aryl groups. Since the ary1 groups are 1ess severely crowded the

N- ary] group can rotate to more effect1ve1y stab111zed N- 0 bond

c]eavage. The end result is mroe rapid rearrangement The effect -

of the-p-methoxy_group, thus, fis much greater than norma] a,.
relationships wou]d predict. A small degree of stab111zat1on can
thus lead to a conformat1onal .change in-the mo]ecu]e wh1ch 1tse1f

: greatly accelerates the react1on.' Thus-on]y a small pos1t1ve e
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‘ g]pg; Thus again we find evidenqe'consistehtuwith a heterolytic
cleavage of the N-O bond to leave:a positive charge on the nitro-
gen, the p-methoxy group‘great]yvécce]erating the reaction and the .
p-nitro greatly decelerating it. The great sensitivity of rate to . :
‘substituent (p is estimated‘to be >-6) ihdidétes thét fhé amounf
of'bbsitive charge on the nitrogen 1s_vefy_substéntfa1.' However, .. 
* this substantial poéitive charge on the nitrogen may Bé illusionary.
Jgdgiag by other re$u1ts; the charge denSfty»is probab]y'not néar]y
as‘large'as indicéted. Ihstead,‘complicatfng conformatfona]'
_éffects‘hay account for the great Substifuent sensitivity.

We find the p-methonygroup great]y stabilizing fhe transitiOn'vb
state,bf the reaction.  In a normal Browﬁ dp+bplot,6 we are
measuring the efféct of substituent on a planar moTeCu]e‘(VIII)
:vwheré,resonance stabilization of the chakgé is not_affectéd by

differing conformations.

o \§9 —e=<®

O C

(VIII)

HoWevér, in the oXaziridihe system, we are dealing with a
three-membered ring'Substituted with three ahylzgroups. “Molecular
models indicate that there is;a significant degree of steric inter-

action between the phenyl rings, resulting in a twfsted_orientation‘
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It appears that in the1triaryloxazihidine$,“ary] mighation proceeds

‘via a much less poTar transition state than the corresponding'aryl

‘migration 1n the 2 3- d1ary]oxaz1r1d1nes Neitherlthe sensitivify to
-subst1tuents on the m1grat1ng ary1 group nor the sens1t1v1ty of the

' rearranqement to so]vent po]ar1ty 1nd1cate a very polar reaction Even
with a strong electron donat1ng’group such as the p-methoxy group on -

'the N;phenyl,.thevreerrahgement shows bh]y‘modest.éenSitivity toward

the substituent on the'mighating ahyl group. Only with'hjghly.pdiar
solgents in addition to the presence of.the~p-methoxy group on the
N-phenyl does the rearhangement begin to show the migratory seTéctivity‘

: expected for rearrangements'to eiectron deficient centers. Again, |
_conformational restr1ct1ons seem the most reasonable way of exp]a1n1ng

. these results. Slnce the N- ary] group fs conformat1ona1]y in an or1enta-
~ tion where it ‘cannot effectively stabilize a deve]pp1ng e]ectron def1c1ent

_center_at‘the nitrogen a high'degree of N-0 bond:polahization cannot

occur. Thus the reaction is s]owed down apprec1ab]y and must take

p]ace via a 1ess ionic process than found 1in the 2 3-d1ary]oxaz1r1d1nes
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C. Summaronf the Kinetic Data |

In ordér to heib ektraét fhe salient poihts frdm this volumi-
npus_amoﬁnt‘of kinetic data,‘the general reSuifs of the data are
b?ief]y summarized below:

1) Solyent effects on the rearrangeﬁent of‘2,3-dipheny10xa-
ziridine. | |

The rate of 2,3-dipheny]oxaziridine rearrangement seems td.beuj 
very solvent dependént,'increasing in fate by 15O as the SOTvent is
varied. from fso-octane to ethanol. Phenyl m%ératioﬁ isﬂeXCeptioh-

Cally éensitive, increasing over 3 x 103

as the solvent is varied
from iso-octane to ethanol, while hydrogen‘migﬁation increases
.about 30-fo]d<over %ﬁe'same'range. _ :

- 2) _Subsfituent effects in 2;any1-3¥pheny1oxéziridine-ré-
/ arrangements. | |
| In acetonitrile, as the substituent on the N-aryl group is
varied from p-nitro to p-phenyl, the total rate increases cob-..
 tinuous1y with a pca'-Z'(using o+’Va1ués). Hydrogen migration
‘shows the same rate increase with pca'—Z while the rate of phény]
' mﬁgfatioﬁ'is more sensitive to substituent, not eVen'béing ob- <
'éerved.wfth strongly electron withdrawing substituenté‘(p>¥3).
In,ethanQT, a simi]arﬁtrenq is found with hydrogen Migration_
appeafing less sensitive to substituent-(pca'-Z) than phenyl.
migratibn.(p>—3). The strong e]ectronAdonating sub;tituehts
appear to‘aéce]erate the reaction more than prediéted by a simp]e‘
: o+p re]ationship.in both solvents. In botﬁ $o1vents there is a .

-trend toward gréater dry] migration with the increased electron



133

donat1ng ability of the subst1tuent
| ~ The p-methoxy substituted appears to react anomolous]y fast,
~and, in contrast to other electron donat1ng subst1tuents, favors
" H m1grat1on to the exc]us1on of pheny] m1grat1on _v |
3) Substituent effects in2- phenyl -3- aryloxaz1r1d1ne re-
arrangements. _ ‘ |
In acetonitri]e, the,substitoent on.the Cepheny1 appeare to
.have'no effect on either the,rate of hydrogen migratiOnhOr_the‘
rate of aryl migration. vOn]vaith the”p-dimethyiamfho eubstituent”»
qOes-appreciablevacceleratiOn (by 10'x) of both H and aryl migra-
tion appear.~.fn'ethanol, however;'theheffect'of sUbStitUent is n
- greater, p-methoxy group increasing the raterof ary]vmigratfon by
 a factor of'lO‘over the p-nitro group'(pca‘-0.7)'while'hydrogen
migration appears to be faster with electron withdrahing eanti-
~ tuents (p©2°+0.7). In ethanol the p-dimethy1amino'substituted
 compound reaots with complete aryl-migrat%oneat aﬂratéf103'times :
- faster than predicted by a sfmp]e 0+p correlation. .
4y Rearrangement of tr1aryloxaz1r1d1nes
The tr1aryloxaz1r1d1nes appear to react at a much s]ower rate‘?.
than their counterpart d1aryloxaz1r1d1nes (The tr1pheny10xaz1r1-
"dine reacts more s]ow]y than the d1pheny1 by a factor of ]0 1n
aceton1tr1]e and 100 in ethanol.) The m1gratory aptitudes of the
- 3- ary] ‘groups seem to be 1ndependent of subst1tuent on the m1gra-
twng group in both ethano] and acetonitrile., The rate of re-

arrangement shows a great sens1t1v1ty to N- ary] subst1tuents (p<-6)-5
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in acetonitrile. However, the reactioh appeafs to be very
insensﬁtive to changes in sb]vent jonizing capabi]itiesl in
-the 2-(4- methoxypheny]) 3-(4- n1tropheny1) 3- pheny]oxaz1r1d1ne_
(p N02¢ ¢C—9—N ¢p0Me) the react1on shows a sens1t1v1ty to sub-
stituent on the migrating aryl group whose magnltude var1es

directly with the polarity of ‘the solvent.
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D. Discussion:

1. The Nature of the N-0'Bond Cleavage

It appears from all the k1net1c results that heterolyt1c
cleavage of the N=0 bond is occurr1ng in- contrast to the homo- |
5 lyt1c cleavage that occurs 1n thermal react1ons ofv2 alkyloxa- |
ziridines 23 The 2 3- d1phenyloxa21r1dine shows over a l00 fold
. increase in rate as the solvent is varied from a hydrocarbon sol-

vent to ethanol In all the ser1es of compounds 1nvest1gated

| S1m1lar rate accelerat1ons due to an 1ncrease in solvent polarvty :
are observed, 1nd1catrngia‘polar tran51t1on'state.for the re- 1 ‘
_arrangements | - o |

The effect of subst1tuents on the rate of oxaz1r1d1ne re-

'arrangement 1nd1cates that, in the trans1t1on state for rearrange-'
ment, positive charge is developed on the. oxaz1r1d1ne nitrogen.

For example, in the reaction of 2- aryl -3- phenyloxaz1r1d1nes, )
electron- donatlng subst1tuents accelerated the react1on wh1le

electron-w1thdraw1ng groups slowed it down (Table II and III)

Since the subst1tuents on the N aryl group are d1rectly attached

to the developrng p051t1ve ‘charge on the-n1trogen, the rate should

‘give a correlation with Brown o+'substituent'constants: A satis- o
faCtory'correlation is obtained and the calculated value for} .
@(-—--2) conclusvvely 1nd1cates the presence of a fa1r degree

of positive charge on the nitrogen 1n the transition state for
. rearrangement. This same;trend_is found 1n,the_2-aryl-3,3-

- diphenyloxaziridines (Table VII). Secondly, the eftect of :
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substituents on the migrating aryl group in reaction of 3-aryl-

2-pheny10xaziridines in ethanol (Table V) indicates a trend in

-~ which the more electron-donating subst1tuents accelerate the

rate of aryl migration. This again is typ1ca] of m1grat1ons to
e]ectron deficient centers. Thus the evidence seems conclusive -
that 1n the rearrangement of the 2,3- d1ary1- and tr1aryloxa21r1-
dine- hetero]yt1c N-0. bond fission is occurr1ng lTeaving a posi-.
t1ve1y-charged n1trogen.spec1es. _However, the exact energetics
_ and transition'state forvthis bond‘breaking is unc]ear. vv

- There are three maJor poss1b111t1es for the mechan1sm, if
one assumes hetero]yt1c f1ss1on occurs. These,are illustrated

-;below,

1L Unassisted N-O Bond Cleavage

o | O | _
: / AN / ”R] 3|
‘R1R2C—————N——¢X -—§77—+> R]RZC————N+ ¢x —_—_— R2C——NR Bx

II;ftEani]ibrium‘N-O Bond Cleavage

| . 0-
R.IZRZL/—_O-—'iN"—fﬁ:X | € — R-I RZC_N -@x '—R—T)-—> R 8—NR ¢X

~ ITI. Concerted N-O Bond Cleavage and Migration

v .0 06' o _ o
. o “ .
R]RZ—L/—-EN——M -—D—-—> R—C%——N——¢x —> RC—NR
, Ry '

o
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In mechaniem I, the first"step; to form a high energy zwitterion
must be the slow step of "the reaction. From a chemical standpoint,
it seems unlikely that a free R2N+ ion would be formed. As Tietz

27 have indica‘ted,.theszN+ is a'veryfhjghdenergy species

and McEwen
relative to Ehe isoelectronic carbonium jon. Therefore, there
should be a Qreat drive for.rearraﬁgement in this‘system to be
synchronousgwith N-0 bond breaking. For instance, Smith has
shown that th]e loss of nitrogen from ArZCH-CH2N2+ followed by
aryl migration proceedSZWfthout participation, the rearrangement
of thevcorresponding nitrogen analog ArZ'CH-NHN'Z+ probably oc¢urs1
Withbsynchrdnous aryl'higration 28' In the oxaz1r1d1ne system,
in add1t1on|to the h1gh energy of the R2N jon species, avlarge :
degree of&cHarge separat1on ‘would be involved in its broduétion.
“The uh;ssisted N-O bond eleavage'should show- a great sensiti- :
vity to‘subgtituent on the:N—aryl groub sihceea highrdegree of
p051t1ve charge shou]d be deve]oped on the n1trogen in the tran-

{
s1t1on state. By Hammond' s Postu]ate,]3

the trans1t1on state
for this'coﬁplete N-0 bond hetero]ys1s shou]d resemb]e the high . . - .
energh zwitterionic interﬁediate'more thah tﬁe_etarting material.
This’wou]d'imp]y a high degree of positive charge onfthe'nitrogen
'at_the traneition state, and hehce’a large negative P forvthe
overaT]'reactidn ~The overa]] value offp}for thie reactiOn esti-
mated at -2 (F1gure 2), 1nd1cates a re]at1ve]y moderate degree of

pos1t1ve charge on the nitrogen in the trans1t1on state for re-

arrangement. Thus the comp]ete bond hetero1y51s seems un11kely
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HoweVer,_this'arguementfdoes'notieiiminate the possibility
that an eguiiibrium exists between the open and closed form of
. the molecule (mechanism II); the open'formzofrthe_mo]eculevthen
\rearranging to products. The-p.for this’reaction wou]d‘be ex-
pected to be ]ower because the transition state for this re-
arrangement is changed from N 0 bond breaking to rearrangement
. of the zw1tterion a process whose sen51t1v1ty to substituent
shou]d be less However, NMR evidence, to be presented 1ater‘

- indicates that inversion about nitrogen is s]ow, This argues
against rap%d equi]ibrium since the'equi]ibrated open zwitter-
1on1c structure should a]low rapid nitrogen 1nver51on |

In both the aforementioned mechanisms, it would a]so seem
:probable that the migratory aptitude of the aryl groups to the
pOSitively ﬁharged nitrogen would be very senSitive to substi-h
tuents on the migrating aryl ring ‘Since both aryl and hydrogen
migration are occurring at the same time this senSitiv1ty to
'substituents shou]d be visible in differences in the re]ative
'proportions of thevtwo migrations, This is not»found. As shown

in Table IV, the ratios of ary] to hydrogen migration are about

|
!

i fA simiiar insensitivity tofmigrating groups has been foun& in pro- -
cesses Where a highly energetic cationic'center_is proouced,r,qu |
instance, in the nitrous acid deamination'of 1-pheny1-1¥anisy142- _
'aminoethanoib the ratio'of anisyi.to phenyl migration is on]y 1'56?1 29

-This has been explained both in terms of the highly reactive carbonium

29 30

jon™” and 1n terms of conformational effects It. appears that

}neither of these effects are applicabie in the oxaziridine system
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~ the samevin all cases_(exeept-for the.pjdimethylamino case).
S If complete uhaséisted'N-O-bond-cleavage does not occur,
~ there must be some.degree of migration of the rearranging .group
before. complete N-0 bond breaking-occUre This would indicate
' the ex1stence of an 1ntermed1ate s1m11ar to. the one 11]ustrated
in meohan1sm III. However, the exact degree of N 0 bond break1ng
and.group migration at the transjt1onostate is still unknown.

j

2. The Geometry of the Transition State
1

a.i'ACtivatiOn Parameter. Some indioation of the

energetics of the transition state can.he.made=by'ea]culating
- the activatﬂon parameters for the rearrangement. The aH and.AS
for the reaﬁrangementnof 2;3-dfohenyToxaziridine inoacetonitrile o
was determined by plotting the Tog’of'the reaction vs 1/T.for |
f1ve d1fferent temperatures between 25° and 45°C, as shown in
h Figure 5 | 1 o A | §
It is found that the'ratio of hydrogen to ary] migration was
_ cons1stant throughout the temperature range 1nvest1gated ThereF

“fore, the1r va]ues of AH are the same, both be1ng about 24 kca]/

‘mo]e; Fromfthe partial rate factors, the entrop1es calculated
~.are -1-1/2 e.u. and -3-1/2 e.u. for hydrogen migration and -

phenyl® migration. The value of AH for the two rearrangements is.

*This can be compared with the va]ues’of AH = 25,3 kca]/mole and
7 1/2 e.u. ca]cu]ated by Sh1nzawa and Tanaka3] for the corres- -
pond1ng reaction in cyc]ohexane where on]y hydrogen m1grat1on is ob- :

served.
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Figure 5. Dependence dfvthe first-order Eate constdnt k bn:temﬁéf— o
ature for the rearrangement of 2,3-diphenyloxaziridine in acetonitrile.

w .
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surprisingly high considering that a wery energetic species is

~ being converted into a much more stab]e one-. It‘is likely that

the high energy of any positively charged nitrogen species that
"is_produced'as an intermediate contributes sfgnificant]y to this
high aH. The extremely low value of AS indteates that no appre-
ciable overall entropy change is occurr1ng between the ground

state and . trans1t10n state of the react1on Th1s value probably

' precludes a\"t1ght" tran51t1on state where cons1derab1e group
,m1grat1on has occurred w1th little N-O bond stretching. These

very ordered intermediates would be expected to have a large nega- v
tive entropy. Likewise, the entropy values are probab1y not con-
‘sistent with a complete N-O‘bond cleavage which,'beeause the rtgi- '
dity of the ring is e]iminated “should result in a'pOSitiVe‘ s.*

" It appears, therefore that the r1g1d1ty of the trans1t1on state

11es somewhere between these two extremes

b. Hydrogen Isotope Effect. - The question of the degree.

of migrationzpf the_hydride during'the N-0 bond c]eavage is more .
diffjcu]t‘to assess since there are no longer the range ef substi- -
tuents available when investigating the aryl group migratfon. |
_ HoWever,‘the'presence of a heavy isotope qf hydrogen,-deuterium,
_a]]ows some comparisqns to be made. In reactions where hydrogen

_transfer occurs, the presence pf an appreciable hydrogen'isotope

*The_ordering of the solvent to stabilize thexdevelepingichargesuwi11

probabiy cancel much of ‘this effeet.“
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_ effect (ky/ky = 1) has been taken to indicate that the hydrogen
transfer occurs in or:before\the rate determining step for the

32

reaction The values of*kH/k for'reactions where . hydrogen

transfer occurs in the rate determ1n1ng step vary from about 5
_to 15, depending on the react1on 32 | | |
| The deuterium ana]og of 2,3- d1phenyloxaz1r1d1ne has been
prepared and the Jsotope effect measured. _The resu]tsﬂare shown

below, in Table IX.

 TABLE IX
. Hydrogen Isotope Effect 1n the Rearrangement of

2,3+ D1pheny10xaz1r1d1ne at 25°C

Cselvent .k

CHON B P T R 35 + 05

et . s e

The rate . retard1ng effect of the a-D on the aryl m1grat1on st111

has not been adequate]y exp1a1ned

In ethanol the a-H and a-D compounds react at approx1mately
the same rate, Th1s is understandable since on]y 20% of the

reaction involves hydrogen migration (lég,aa primary Jsotope effect).



144

In aceton1tr1]e the 1sotope effect kH/k for the total reaction
rate is about 1.35. Th1s va]ue is much smaller than the 5-15
rate noted earlier for other reactions. .However,‘hydrogen re-
arranoement in the oxaziridine system involves a "triangular"

~ transition state (VI). In these systemsrwhere-only,the bending

N+ 7/
_‘\H/

'.(VI)' t"

modes of the carbon hydrogen and,nitrogen;hydrogen'bonds are im-
portant in hydrogen migration, the ky/kp is generally much smaller

32

with a max1mum value of about 3. For 1nstance Co]11ns and’

' Bowman found a kH/k of about 3 in the p1naco] rearrangement of

1 1,2- tr1pheny]ethy1ened1o]s 3

The max1mum values of kH/k are
'uobserved when, at the trans1t1on state the m1grat1ng hydrogen 1s
about equ1d1stant from the m1grat1ng terminals.®

For ]ess symmetr1ca1 trans1t1on states, considerably lower

~+ values for the isotope effect are obtained. For instance, Cram |

34

and Tadanier™" found a value of_1.8bfor the hydrogen migration in

the solvolysis of 3- cyc1ohexy] -2-buty1-3-a-tosylates, and Bart]ett"“ N

and-McCol1um>®

found a va]ue of 1.84 for the reduct1on of carbon1um
ions by alcohols. As a ru]e the more unsymmetrical the trans1t1on

state, the lower the observed kinetics isotope effect. Our value

*More correctly, it is when the energies of the hydrogen bonds to

the two terminals are isoenergetic.32
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~of approximately 1.35 is at the low endbgf observed primary isotope .
_effects'and indicates a rather unsymmetrical.transition state for
‘the reaction (VII) : However, ite non-unity‘value imp]ies.that the
hydrogen 1s m1grat1ng in the rate determ1n1ng step of the rearrange-
ment. Thus it seems 1ncons1stent w1th a mechanism 1nvoIv1ng rate

determining r1ng open1ng_foIIowed by rap1d phenyl or hydrogen

migration. | ’
C V d C\
v+ or Nt
7/ N
’ /7 - N\
H “H
(Vi)

c. -TransitIon'State for AryI Migration. In pheny] m1gra-

_.t1on the structure of the transition state is fa1rIy poIar as 1nd1-
cated by the great sens1t1v1ty of pheny] m1grat1on to soIvent poIar1tyA
_(TabIe I) In add1t1on “the reIat1ver large vaIues of p(m 3 to -4)
for phenyl m1grat1on 1n 3-phenyI-3-aryloxaz1r1d1nes (Tab]e I) botn-
1nd1cate a reasonab]e degree of charge development in the trans1t1on
state for aryI m1grat1on However, the aryl m1grat1on 1n the re-
: arrangement of 2- aryI -3~ phenonxaz1r1d1nes is 1ndependent of the _
subst1tuent on the migrating group (TabIevIV). As stated. prev1ous]y, g
- this impIiee a,transition state where onIy a small amount of chargef-'
s delocalized into the migrating aryl ring.‘ | |
This implies a transition state like the gne shown beIdn’(VIII),:
O o ” |
. H——C————:N—-¢

-
-

(_Avm). .
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where only a,weak interéction-exisfs befweeﬁ_fhe migrating group
and the electron-deficient nitrogen. When ethanol is-used as a
so]veht, there is a ;orresponding'increase in sensitivity to-sub-
stituent. This imp]iesfthatfthe increaSed s61vent po1§rity of

the medium allows more charge delocalization to dccur iﬁfo,the

N migrating aromatic ring, thus indicating a stronger intera;tidn

between ‘the aryl ring and the e]ectrdn-deficient hitrogen.

d. Conformational Effects. The information obtained
thus’far about fhe nature of the transftion_State‘for oxazirfdineri
rearrangemeni'leads to:thrée'general cdné]dsith: 1) Poﬁitive
charge is generated at‘thé oxazirfdinefnithOgen.‘ 2) A COncerted
reaction Withdut comp]ete‘heterblytic N-O'bdhd c]eaVége occuré}'
3) Aryl migratioh occurs more readily undgr mOre jonic conditiOns‘ ”
~while hydrogen migration shows 1ess_$éhsitivity to the ionic
nature of the reaction. | ” o |

'A fdu}th conclusion, although not as c1eér1y”defined'as the
~previdus three, seems to underlie much of the intérpketations
'gi?en‘sovfgr. ‘This is the faﬁt that.the existence 6f 1ong weak
bonds are necéssary to exp]aiﬁ many of the results--the low
hydrogen isbtope effeét, ;he Tow negative AS,‘the_genéra]‘insens{-fﬁﬂ
tivity of the rearrangement to substituents oh the migrating aryl
group. However, an a'pridri'reéson Has not‘beéh édvanced'to ex-
plain this conclusion. | | |

| Howevér, a different view of the system should helb clarify

these results and show why the presence'of Tong, weak bonds are -
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cohsistent with the.StrUEturevof_the oxaifrfdine ring.

~ So far, we'have been describing the»aryl group and hydrogen;'
withbut,tonsidering the geometric reqwirements;of an oXaziridine
ring system. With the constraining nature of'the,three_membered '
oxaziridine ring,‘gebmetry becomes a very important consideratibn

as shown in Figure 6. A_represehtS‘a'diagram of the ground state

oxaziridine mo]ecule‘looking albng the N-C bond. From this view  ;;

.of the oxaziridine mo]eéd]e, it,immediéte]y becomes clear why re-hff
~ arrangement is so difficult. For.R] to-migrate most effectively,
'it must assume a trans-orientation reietive to the breeking.N-O_“
bond-as shown in E; Obviously, this is geometriqaily impbssib1e
" if the integrities of the C-0 and N-0 bonds{are'to be maintained.
The assumed high energy of the R2N+ specfes’preventS'compiete,
heterolytic N-O'bondvc]eavage “Thus, as our results indicate, a
concerted rearrangement must occur. FOr R]'to migrate; it must
assume some comprom1se conformat1on such as 111ustrated in C.

For this rearrangement to occur there must be severe d1stort1ons
"in the’OXaziridine ring To a]]ow this d1stort1on, there must be

s1gn1f1cant stretching of the n1trogen oxygen bond coup]ed with-

twisting. around the C- N_bond. In add1t1on, the bond between the '; |

migrating group and the nitrogeh, at thevtranSition state, must
be re]at1ve1y long and weak. o

This is cons1stent w1th what was observed in. the results of

Table IV where the rate of aryl m1grat1on is on]y weak]y respon-lieﬂ'

sive to the substituent on the migrating aryl group. Since the E



148

A B c

XBL 695-4277

Figure €. Oxaziridine conformations.
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bond1ng between the m1grat1ng group and the n1trogen is very weak
se]ect1v1ty shou]d also be low In more ionizing solvents where
,.greater heterolytic N-0 bond}c]eavage‘oceurs, selectivityvis en-
r,hanced,for three reasons. First,-there is a higher posﬁtive charge
on the,nttrdgen,availab]e fbr interaCtingfwith_the migrating group,g
SecondTy;,the greater so]vation.ailows more charge distribution
into:theimigrating aromat1C'ring Thfrd]y, the greater N-0 bond | :
c]eavage reduces the r1g1d1ty of the system, thus a110w1ng the
hm1grat1ng ‘group to assume a configuration where it can more
;effect1ve1y 1nteract w1th the developing positive charge on the
_ nttrogen;v | ; | | | -
: The reason‘for the'general,absence of signittcant anchimeric
:assistanee.is clear. Geometric requirements.prevent the aryl
~ groups from'participating‘substantially.ianaO'bond‘cieavage;‘
_However‘ when a p—dimethylamino grdup is on the migrating earbOn, |
~ the great e]ectron donat1ng power of the subst1tuent allows signi- r
f1cant 1nteract10n to. occur between the electron- def1c1ent n1trogen
and the mjgrat1ng aryl group.- It 1s_c1ear, hqwever,»that even in .
_ this case where anChimeric assistance seems‘to occur, the inter-'v"
'act1on must take p]ace via re]at1ve1y long bonds ‘and in a re]a-
_ t1ve1y unfavorable conformatlon |
The resu]ts obta1ned 1n this study thus suggest a concerted
' rearrangement similar to the rearrangement of R epoxyketones as -

studjed by Housevand Rief. 36
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| e. Nitreniam Ions.* To exp]atn the ‘concerted nature of

7the reaction, it seems necessary to gsgugg;the high'energy nature
. of the nitreniumhipn (RZNf),_without‘clearcut proof. Much experi-
- mental evidence in the past has»indicated that this species is
. generally not formed *x Instead rearrangements and other react1ons

'-appear to take p]ace synchronous]y 28, 37-%

‘Tietz and McEwen?’ have stated that the R4§H shdu1d'be:much

“less stable than the'RCH2+,'the:correspondfng'carbon.anaTOg,_,Un-
cdoubtedly their cpnc]usion was based cn-the greater efectron nega- »
tivity of the nitrogen. Since these:species.are notfstable;5it: o
is impossible to get a good experimenta1'vaiue»for the.reTative‘_

- stabilities of the two ijons. However, with thevcurrent refinement

) in mbiecu]ar orbita] theory, it is novaossibie“tp_rough1yvestimate“
the energetics of theoretical molecules. | | |
It may be‘instructive to use the'mOSt refined ab iﬂiEiQ.SCF
'calculat1ons available to est1mate the relative. stab111ty of N d_

C+.' To do this, we take the simplest ana]ogous systems where

*The*term'“nitrenium ion" as advocated by Gassinan42 is used here since '
it appears to be more descr1pt1ve than the term "1m1don1um 1ons" used

by others 37

**Eor possible exceptions, see Referencesh38é40,

*Several recent papers have appeared on the rearrangements of d1a1ky1—'

nitrenium 1ons,4] 43

manner. 4%

but these too probably occur in a concerted -
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~ fairly reliable data is available, methane and ammonia.
~ Comparison of‘enérgetics,of the‘reactions.]isted below should
give us somé-idea of the relative stability of CH3+ and NH2+

relative to the pakeht compound. These calculations are shown

below.
CH4 » ' > CH3+ + H
E = -40.1983 au®® -39.2346 au®® + Ey-
0E - .9637 au + Ey-
G
Ny ————————> M, e
E = -56.2015 au®’ -55.0032 au'®

OE = -1.1083 au + E,_

One thus calculates that the prdcéss to form the NHéf i$ Tess ener-
. getica11y~favorab1e than,thé CHy* formation by .1446 au which is.
.q eqqa] to\about §0 kca]/mo}e.' _ | ' |

- Although the currentlcrudeﬂstaté_of molecular orbifal.ca1cu¥

~ lation makes this. calculation inexact,'the;numbek should be accuratéj

_ to within + 30 kcal. The size of the difference in energy indicates =

that, as predicted by Tietz and MéEwen, the»RNH+ is 'of much higher
energy than the_RCH2+. However, the levelling effect of substituents
shoujd reduce this difference. This energy difference is not caused

by the energy difference between the C-H and N-H bonds. which are
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being broken in the ionization reaction since the bonds are of
'comparab]e energy (1 e. 98 kcal/mole and-93 kca]/mo]e respect1ve]y)
‘ It can be concTuded therefore that the n1tren1um ion is sig-
n1f1cant1y higher 1n energy than the correspond1ng carbon1um ion.
.Thus, the d1ff1cu1ty in forming the Free RZN spec1es is under-
standab]e and the reason this react1on must react by concerted

means is apparent,.

3. Charge Distribution in the Transition State

The fact that hydrogen~migrationrexceeds aryl migretiqn in
the_oxaziridine rearrahgement in'acetonitrile is_quite'unuSUa]_

since in'mostvhigrations to e]eetron-deficient systems, therary]

28

‘groups m1grate much more readily than hydrogen It appears that

. in non- ionizing so]vents such as aceton1tr11e and carbon tetra-

chlor1de,,eyen methy] groups seem to migrate more'readjly than.

*The fact that the thermal rearrangement of the 2- (4-methoxypheny1) |
- 3= phenyloxaz1r1d1nes results in only rapid hydrogen migration is a ;'
maJor anomoly in these results since e]eetron donat1nghgroups on

_the N-pheny1 generally favor phenyl migratiOn As shown in other

~systems by‘C01lins,48vGassman49

and others, the an1sy1 group can so?-
stab111ze a pos1t1ve charge that part1c1pat1on by other groups can f
- be eliminated. Therefore, it is’ ‘possible that in this case‘the |
" presence of-the anisyl grohpvadjaceht:te;thefdévelbbihg.e1ectr0n-
deficient-nitrogen, eliminates stabi]izatioh_due-to aryf migration;;

Thus the reaction may take plaee.throughfah oben,nitrenium'ion.
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~ phenyl! (See the expefimenta] section,) However, in more ioniiing
solvents, aryl migratfoh appears tovpredominate.'lIn'addition,nthe
migratioﬁ'bf a hydrogen is characterized by a5ré1ative]y small
value of p('z). The %mp]ication from both of these results if that
the migration of a hydrogen in the rearrangémeht is not a highly
ionic process. Hydrogen migration'can occur in iso-octane.at avrate
that is still. one tenth the rate in acétonitrile (Table I). The
fact that the'feaCtion can otcur at such a rate in such a nonpOTar
environment imlies that even the low value ofvp.found may exaggerate
. the ionic natuke of ﬁhe.reaction.' In faét, the results can be |
interpreted to mean that hydrbgen'migration is more of an internal
1,2-hydfﬁde shift which requfres veny.littie charge separatioh.so’ST
* The fact that the rate of hydrogen migration”is-iﬁ'some way
pfoportiona] to the amount:of charge on'the{e]ectron—déficient
hitrogen may be interpreted in another mannér. Instead bf chénging:
theycharge'density on the nitrogen, the effect of the substftuent,
is to lengthen or shortenfthe N-O bond. This in turn Wou1d4effect
-thé ability of the hydrogen to}migrate. As the N-0 bond is -
_sfretched, the‘hydrogen can more effedtivelyVOkfent'itself into a
v‘ébnforhétiqn cohducive to migratidn. -EleCtkbn—donating substituents
by_étaﬁiliiing hepérb]ytic N-0 bond c]eavagevalldw ﬁbre stretchfng -
| 6f the N-Ovbohd and thus the'hydrogenICan more effectjyé]y migrate.
Thé'v§1ue:of p of -2 for hydrogen'thus may represent a sensitivity |
t6 anformatfon effects caused by N-0 bondAstretching rather than
"an inherent sensitivity to charge densities. Some evidence~sup¥

porting the internal character ofvthe hydrogeh_rearrangement can
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be-found in the resu]tsrof Arcus and coworkers',52 who found that in
the rearrangement of 9 -pheny1-9- fluorenyl azide (IX), thermal

vhydrogen m1grat1on occurs wh1]e in the acid cata]yzed react1on,

'H migration

Aryl migration

()

arylzmigration oeours; .Thosfit‘eooears thet.Whehma high:positive
charge‘is present as ih the protonated'azide- ary] migratioh pre-
’dom1nates while w1th 11tt1e pos1t1ve charge the hydrogen m1grat1on |
“is preferred S1m11ar results have been observed in other systems 53

Pheny] m1grat1on shows a h1gh degree of sens1t1v1ty to subst1-'(

~ “tuent on the N-phenyl group as shown»by the substant1a]-va1ues Of'p 3

-for the pheny] m1grat1on in the N- subst1tuted d1phenyloxaz1r1d1nes :
(o ca ca. -3 to -4 in aceton1tr1]e) (Table I1). L1kewtse, its greaterh.
sensitivity to solvent po]ar1ty indicates that the.phenyl migration;x

,is_probab]y;significant]y'more jonic in character than. the
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corresponding hydrogen migration. This is an indication of a

fairiy ionic reaction, comparable to many so]volyses reaétions in:;
_.carboniﬁﬁ'ioﬁ Chemisfry.-'But again, the effect of the substituent
is,feTt in two sepérate Ways. One, 1f affects the degree of posi-
tive charge'on the nitrogen by étabiiizing or destabi]izing.the
degree of hetero]yt1c N-0 bond c]eavage This in turn should affect
the strength of bond1ng that should ex1st between the m1grat1ng
phenyl group andvthe electron-deficient nytrogen. However, as in
~ the éase’df hydkpgen migration, the substituent, in aTterfng_the

" amount bf N-0 bond c]eavage'a]térs the conformation of fﬁe molecule.
As the N-0 bond is stretched, the phenyl again can_assume a‘;thorf.
-.mafioh-where‘it éan more effecti?e]y iﬁteract w1fh.the e]ectroﬁ |
' deficientvnitrogen.* | |

Therefore, the ) caiéulated for the reaction cannot be compared
 with p's for other cafbonium'and nitrenium ion reactions to‘estimaté
the degree of bositiVé charge on the nitrogen ét,the transition stafe
for“phehy1 migration. Instéad, a modified op+ corre]atibn mﬁst be

assumed: '1¢g‘k/k0 = o (o7 + pp). ™"

*Phehy1 migkation has been shown to be very sensitive to the geo-'
metry of the m1grat1ng pheny]l group re]at1ve to the deve10p1ng

electron-deficient center 55

ffSeparétion of these\two factors would be difficult since there should
be somé rough‘propdrtidna]ity‘betWeeh tﬁé charge on the nitrogen and

~ the amount of N-O bond stretéhing. For example, Jones
have found a reasonable correlation between o' and the changes in the

* carbonyl stretching frequency in substituted acetophenone.
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Here, oy is re]ated to the effect of substftuent on the amount of
positive charge present on the oxaziridine nitrogen. p, » ON the
other hand; is related to effect of the-sdbstituent'on the,confor-
mation of the-oxaziridine ring caUsed by N-0 bond stretching, and'
hence on the ab111ty of the m1grat1ng group to assume an or1enta-
tvon conduc1ve to mlgrat1on |
Qulte probably the actual amount‘of_positive'charge}on the

nitrogen is substantfafly 10Wer_than thehp value of -3 or -4:jndi-.
cates. However, the evidence seems conclusive that there exists
"’alpolar'transitiOn statévforharyl nigrattOn. From a‘comparison of
"the ratee of phenyT-to hydrogen migration~in’2 3-d1phenyloxa2iridine
'v1n various so]vents (Tab]e 1), it is apparent that pheny1 m1grat1on
' is much more sens1t1ve to. so]vent po]ar1ty than the hydrogen m1gra-‘
tion. In fact, in-iso- octane where charge de]oca11zat1on 1s d1ff1- :
gcult no pheny] m1grat1ons occur while in ethanol, a qu1te ‘good
so]vatlng medium, phenyl migration predom1nates over hydrogen .
‘kmigration...This sensitivity to solvent polarity indicates that a
fair degree of positivercharge must‘be present on the'nitrogen be-
fore'aryT migration,occurs; 'LikewiSe,vits'Sensitivity to N-aryl

subs tituents indicates that a greater degreelof'charge must be’

fThe slight curvature observed in opt p]otshOf'the rearrangements of B
”N-substituted d%aryloxaziridines (Figure 1)_may refléect the,factvjv'o
: that a change in the lengthiof:the nitrogen-oxygen bond may not - -
cause a linearly proportional change in the conformation of the -

migrating group.
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generated on the nitrogenvfbr'ary1 migration than for the'eorres-
ponding hydrogen migration.-v |

In the rearrangements of 3-ary1-2~phenyloxaziridines in acetoe'
‘ nftri1e‘(Tab1e IV), the 1ack of sensitivity of the reaction rate
to substituents on the migrating aryl group implies that in this
case the -amount of poeitive chargetdelocalized to the aryl ring
is small. waeVer,‘nhenla mere goTar solvent such as ethanoitns
uéed, the ratehincreasetandVincreased sensitivity indicate a more
po]arvtransition state,_and hence'more'posttive charge on- the
nitrogen. .Again, all this evidence indicates that aryT,migration
involves a quite polar traneition state.

In the triaryloxaziridines, two factors indicate only a
slightly ionic transition state.. First, the fnsensitivity of
thehreactionvto sgbstituents on the migrating aryl'group (as
»_‘shown in Table VII) argues:for en1y a slight degree of 1enic

_character - Second, the solvent effects are minimal on thegrate
‘ of rearrangement As shewn in Tab]e-VII; a.change from aceto-
nitrile to ethano] causes a rate increase of Oniy‘a factor of two
in the rate of rearrangement of tripheny]oxaziridine. This is
eveng]ess than the effect of the solvent change on hydrogen migratien
in the 2 3-dipheny10xaziridine (4 x)! Yet an estimate of p for theh‘
rearrangement of 2-ary1-3,3- d1phenyloxaz1r1d1nes (Tab]e VII) 1nd1-'f
. cates a va]ue of >- 6I

'_ Thus 1t appears that the va]ue of o.-is much less than 1mp]1ed
Uby the sens1t1v1ty to substituents. Two factors dea11ng.w1th the

or1entat1on of the N-aryl ring have been used to exp]ain‘this
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anomoiy (see section on Triary]oxaziridinevKinetics) In add1t1on,
;the same. conformat1ona1 arguements used in discussing hydrogen
. and pheny] migration can be applied here. Because of the’ h1gh
degree of<stericvinteractiOns; the orientation of the migrating‘
aryl group in this case wi]1 he even’more dependent on the amount
of N-0 bond stretching. The negative vaIUe-of-p and'the meager
Sensit1Vity to so]Vent“indicate that the reaction probably'occurs .
through a mechan1sm involving only s]1ght stretch1ng and polari- o
zat1on of the N-0 bond fo]]owed by ary] mwgrat1on Aga1n, it
7appears that caut1on_must be used 1n»assum1ng charge densﬁtieS"
’ from'calculated o va]deS' If conformat1ona1 changes are occurr1ng
as the reaction proceeds, the o va]ues may g1ve an exaggerated o
indication of charge densities. | B
- » Thus it is proposed that the rate of rearrangement of diaryl-
' and triaryloxaziridines is increased‘by tWo.factors: 'one, an in-
crease in the amount of positive charge on the oxaéiridine"nitrogen'
and the other, a greater degree of stretch1ng of the n1trogen oxygen
_bond. The former 1ncreases the electrophilic propert1es of the
. nttrogen toward the aromatic ring or'hydr1de ion and the latter |
allows a better conformat1on for 1nteract1on between the electron\
' def1c1ent nitrogen and the m1grat1ng group Unfortunate]y, these_";
"~ two effects are difficult to separate since. there is a rough pro-
portionality between the two- factors, i.e. the h1gher the degree
of pos1t1ve charge, the more the ni trogen- oxygen bond is stretched.

' However, recently a system has been investigated where positive
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charge and the degree of.nitrogen-oxygen.bohd stretching have
oppOSité.effects'on the rate of reaction, one retarding and one
accelerating the reaction. |

Padwa56

has proposed that in the rearranggment of 3-benzoyl-
2~cyc]ohexy]~3-pheny1dxaziridine (X) in acetonitrile, the re-
arrangement proceeds via attack of the unshared electron pair of

- the oxaziridine nitrogen on the carbonyl to give a fbicyclobutane-;
type" of intermediate (XI). Ihﬁs4thén rearrangesxto:the final “

| prdduct,fardibenzoy]amine (XIL); Considering the relatively high

O

e : \ B f 0 |
| A\ﬁz\\N_R , >'¢—6£i%ﬁik-;—;9-¢—g——WR1
o’ O N - t=0
x__/ : 0¢7\¢ . )
- L
(X) Ia. R = cyclohexy (XI) o (1)
| _, |

Ib. R

entropy for'the'rearrangeheﬁt (;é] e.v;);ss this.fypé ofvé fransi-

tion state seems quite likely. The fact that the N-phenyl deriva-
tive (Xb)* reacts ihstantaﬁéousiy at roomftempérature while the
N;cyéioheky] compound (Xa) must’be heated to 80e96°'béfore the

"}eaction'dccurs{imijes thét the.N-bheny]:group has a subﬁtanfia] .

'acée]eratfng effécf'on'the'reactidh; This effect is not on the

unshared pair of electrons on.the:nitkogen,\hBWever, since"the 

phenyl group, being electron withdrawing:relafiVe to the |

*Producedfby the irradiation of the corweépondingfaebenzoyl-a,N-'

diphenylnitrone.

v
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.cyc]ohexyl group, would tend to reduce the free e]éctron'density
on the nitrogen. This shou]d;‘in;turn; rednce the.rate'of ni tro-
~ gen attack on the benzOyl'group. Theretore,~the acce]erating'
effect on the phenyl group must be due to: 1ts stab111zat1on of .
heterolytic N-0 bond c]eavage as found in the rearrangements of

' d1ary15 and tr1ary10xaz1r1d1nes,' Hetero]yt1c bond c]eavage.shou1d
generate positive oharge on the oxaziridine nitrogen; which shou]d‘l
;reducefthe n0c1eophf1tcity of the-nttrogen and hence reduce_the‘

| rate‘of-oenzoyl migration. On the other hand,'it'ehouid 1engthen
_the N-0 bond reduc1ng the constra1nts of the three-membered r1ng,

: a]low1ng the benzoyl group to assume a position more conduc1ve to
migration. Thus, unlike the di- and tr1aryloxaz1r1d1nes, in this
system, these two factora’operate in opposite directions, poéittve
charge~generati0nvreducing the reaction‘rate whi]e N-Ofbond
Tengthening acte]erattng it. 'Sjnce‘the overa11'effect‘0f'the N-

: phenyl group is to great1y>acoeleratevthé‘rearrangement,-itris

| apparent that N-0 bond 1engthen1ng is the dominant factor 1n
determ1n1ng the rate of rearrangement in the 3- benzoyloxaz1r1d1ne
systems., Thus conformational effects can berextremely important
'vfin oxaziridine rearrangements, and a oombination'of charge distri-;
but1on and conformat10na1 effect must be cons1dered ‘when d1scuss1ng‘

_ the mechan1sm of the react1on
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: 4. Summary

From a general survey of the results of this kinetic study
it appears that the rearrangement of the 2, 3 -diaryloxaziridines to
“amides involves a hetero]yt1c process. However, with the possible
excebtion of the.z-p-methoxypheny} compound, it does not seem to
occur by a simple process of nitrogen-oxygen bund c1eaVage (Path A)
to give a zwitterionic intermediate (XIV). The instabi]ity‘of a

R . 0

' N
Rl;;££i;e—N——ary1 -E%Eﬂe> R]——Cfi;—N-——ary1

Ry- ar. R ? L
R | \5\\\Esk l .
2 o : S _R]——C—-N——aryl

(xar) o _(x1v) fo
o
0¢
i Pgth > R17,(:/ N
RETTT
(XV)

free nitrenium ion (RéN+) hreventsvthe formation of the 1ntermediate
(XIV). Instead, the reaction probabTy b;curs vfa-e concerted bond
‘?cleaVage and'rearrangement_tﬁath B) to-give'the'fjnai rearrangee
tnment products | o o | |

Because of the geometr1c constra1nt p1aced on the system by

' :‘*the oxaziridine ring, the m1grat1ng group cannot easily assume a

conformation conducive to migration. Thus, before migration cah |
occur there muSt be considerable stretehing of the nitrogen-oxygen :

bond, probably with a small amount of po]ariZation.' As an additiona]
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consequence of the poor orientation of the.migréting group for
reérrangement; the transitfon state for rearraﬁgement appears to
invoive qn]y a long, wegk interaction between'the migrating g}oup
and the electron deficiént nitrogen.

- The migratiohf&fba hydrogen atom seems to be_much less sen-
sitive to positive charge development af.thé nitrogen than doés
fhe migration of the aryl group. This indicatés that hydrogen
migration probably occurs by a fairly conterted'l,zvhydride
transfer where little actual charge separatioh is involved. On
vthe other hand, the migr§tion of an afyl group appears to involve
-é significantlyzmoke polar transition state with a greater degree
 of heterofytic N-0 bond c]eavage.being ﬁécesé&ry fof the.rearrange-"
ment to occur.‘ HOwéver, be;au§e of the geometric constraints of
the §ystem, éggin;kih the tfansition étatévfdr aryl migration,.
géﬁéréllyVOn]y{a weak'interactf6n exist$'bétweénithe_migrating
aryi group and’ the efeqtrbngdefitient‘hitrogeh.v‘0n1y in the case
of the'34p;dihéthylaminohhehy] énd-pdssib]e'the 2-p-methyphenyl
combound*does a resonance stabilized phenoﬁium-type.ion_appear
to be forméd.

| Similar considerations appear to appTy_to the fearrangemenf ,
of the triaryl compouhds.' Because of’thé steribvinteracthns'be-
tweén-the‘phreé éhy].rings; it appears that the N-aryl group is
forced to assume a confd;mation Where itﬁcannot'effectiVely stébié ‘
lize the déve]oping positive charge resulting from N-0 bond c1eévage.
Thereforeﬁthe rearrangement of triary]oxaziridfnes (I,R] - Ré =

aryl) to substituted:benioyidipheny]amines appears to be a less
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polar process than in thé diaryl system. This 1nab11ity to stabi-
1ize N-O bond c]eaQage is apparently responsible for the unex-
pectedly high stabi]ity of the triaryloxaziridines.

These_genera1 conclusions on the mechanism of oxaziridihe
reéfrangement'§e§m to be consistent with the'few previous {nvesti-
gatibns of these tybes(of reactions. For instance, SpTitter and
Calvin,! on the basis of solvent éffects and the’feactiohs of
several substituted 2;3-diary10xaziridines‘féit that the rearrange-
ment proééeded via'a heterolytic N-O-bond‘c]eavage. Mauser and
Bokran257 have'recént1y reported a study,of»the rearrangement of
2,3-diphenyloxaziridine in methanb1'and find products resU]tiﬁg
from nucleophilic attack of the solvent on the N-phenyl ring.

This too implies fhe intermediacy of a positively charged:ﬁftrogén'
during the‘reaction.*

A comparison of our resu]ts~with'the‘acid‘cata]yzéd-reactioné:'

-.of N-alkyl oxaziridineé indicateélsome consistencyrin the migrafohy
-.behavior of the phenyl and hydkogen in rearrangements to é]ectron |
| deficient centers. o _
| When 2-(1-phenylethyl)-3-isopropyloxaziridine: (XVI) is hydroQ"
1yzed in acidic alcohol, on]y‘phenyl migration to fhé electron. _.

deficient nitrogen occurs, giving aniline as a major hydrolysis
23 '

- .product. When the correspohding N-butyl compound was reacted,

 *The possibility still exists that these types of nucleophilic solvent

attack on the aromatic rings are acid catalyzed reactions similar to

the‘acid catalyzed rearrangementvof phenylhydr0xy1amihe.58
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: 0\\ L+ EH. +
jprCi—N—CHg P ipr H—t-OH-CH

o | l

i~prCHO + gNH, + CH,.CHO  <—— i—prCHO + gN = CHCHy

hydrogen mioration occurred exc]usive1y to the exelusion of a]ky] L
| m1grat1on (although w1th N-t-butyl compounds, methyl mlgrat1on
does occur.) ‘Thus it appears that. the m1gratory apt1tudes to the
n1trogen follow the order pheny1>>H>a1ky1 |
In our_stud1es we have observed a trend that thedgreater'the

Positive‘charge on the nitrogen, the'morelarYI migratioo occurs.
‘ Sinee'in}these acid catalyzed reactions;:a'very high'degree}of
'positive charge‘resides on the nitrogeh;iWe wou]d'expeCt; as is _
'fOund, that pheoyl migration is much faster~thaﬁ hydrogen mioration;"

.' It is intereSting to note that acid catalyzed migretion of
a .group- from the oxaziridihe carbon does not occur, and instead
migration occurs from a carbon exo- to the ring. There are two
very'substaotial reasons for this. In.the thermal rearrahgements -
of ary] oxaz1r1d1nes, there is a carbony] formed upon group
mlgrat1on. The. dr1v1ng ‘force for carbony] formation shou]d lower

<the'eoergy barrier for group m1grat1on. However, in the ac1d

'=.;a.catalyzed~rearrangement, the proton already on the oxygen neutra-

lizes any negativé charge on the oxygen and hence reduces the '

push for carbonyl formation.
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‘ 'The second reason is what Schmitz calls the "stereoelectronic"
effett,* In essence, ft is the ability of the migration group to‘
’assist_N-O bond.cleavégel As the diagram below shows groups exo-
to the oxaziridine ring can be oriented into a_pOSitioanherevgroup
migration can occur synchronously with.bond breaking. On the -
other hand, the substituentsvon the oxaziridine carbbn are in a

poor position to migrate. Thus gﬁgfmigrafion'iSIprefekred.‘

R! >C-—-—R i . v ; \C/ L
| ,\C_____,&/ P \.c——-’iﬁ'k |
R"/ \+OH/D | o /\OH -\R

~ This again substantiates the necessity for the concerted rearrange-
~ ment and N-0 bond cleavage which was indicated in our work.

One other recent example of oxaziridine rearrangements de-

59

serves comment. Taylor and Spence”” found that irradiation of 6- -

substituted phenanthridinéVS—OXides (XVII) yields_the correspohding“
5-substituted phenanthridin-6(5H)-ones (XiX)'pkesumab]yTVia an

~intermediate oxaziridine (XVIII). When an optically active alkyl

S (xvi1) (XVIII) ‘ (XIX)

*Reference.24, p. 107.
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,migréting group was used (R = CH(CZH5)¢)'thé'product after re-
arrangement showed comp]eté'loss of'optiéa] activity.: Likewise,
.side-products of fhe'reaction could most easfly be exp]ained in
“terms of a radical rearrangemént'mechanfsm. This implies that
: in_thé phehanthridine system, é'radicdl'process,isvocc&rring in |
~ which the migratiﬁg group becomes completely dissbciéted or only
very weakly bound to the o*aziridine.cérbonaand niirogen.. This
is consiStent'Wifh our findings that‘hydrogehiand possibly hethyl_
migration occuf via a "radfcé]—]ike“ mechanism inbeving 1dng

_ vweak anding between the nitrogen and the migrating group.



STABLE DIARYL AND TRIARYLOXAZIRIDINES | BTyl

A Stable 2,3- diary]oxaziridineé

‘We have seen that e]ectron w1thdraw1ng aroups on the N-pheny]
'qreatly retard the rearranqement of the d1ary1oxaz1r1d1nes This fact
..may help answer one of the basic questions of this research: Can stgble
1diery1oxazir1dines be iso]ated? If suff1c1ent]y e]ectron w1thdraw1nq
'groups are placed on the N pheny] 1t wou]d seem poss1b]e to 1solate these
species. . ‘ | | |
" Since the halflife for rearrangement in acetonitrile of the'p-;yano
substituted conpound is so.1ong‘(on the order of 10 days); this compound
seemse]ike the most reasonab1e choice for an isolable diary]oxaziridine.
Hence,'an_effOrt was made to:collect and identify it. Our task then is to
,irradiate the corresnondtng nitrone in»a,euitab1e so]vent, remove the‘
‘solvent and determine {f the remaining product is the desired‘oxaziridine.
" The solvent used muet satisfy five criteria: -. |
1) It'mdst'di5501Ve the nitrone; 2) it must be oy boiling so'elevn*ed
temperature will not have to be‘used to.remore-it" 3) it must not absowo
lignt'used to irradiate the nitrone; 4) it must be stable to uv 1rrad1 tion
A‘and 5)'it must be unreactive with either the n1trone or oxa21r1d1ne. _
Methy]ene ch]oride appeared to. satisfy all the requirements and_thus it
'was used in all further 1so]at1on attempts
~When the correspond1nq nitrone 1s 1rrad1ated in methy]ene ch]orIdo
.and the_so]vent removed nnder reduced pressure, a 5011d rema1ns. Pur1f1CatiCL
on a Super-cei column yiers,anlight orange crystat]ine’materie],_mpﬁéée84°.
“The solid is fairly stable at room'temoerature'and eould»be stored indefinite!;
at 0°C. 1t shoxs a high active oxygen content of . 987 a very strong ;;
1n*1cat.on of an 0\ez1r1d1ne ring. The mass soectrum shows a parent p“”‘.et

m/e 222, the same mo]ecu1ar weight as tne starting throne Add1t1ona1 LELRST
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at m/e 206, 105 and T18'are a]so-ohahaoteristic of the oXazihidfne ring.
The infrared.spectruﬁ«(Fig 1) shows no carbonyl peak nor a peak cons1stent
‘with a carbon nitrogen double bond. The uv spectra (Fig. 2) shows no
extended conJugat1on as found 1n the starting n1trone F1na1]y, the
ater1a] when refluxed overn1ght in acetonitrile 1svconverted in 75% yield
to the correspond1ng benzan111de |
These propert1es of the compound are comp]etely cons1stent w1th the
structure of " 2- (4- cyanopheny]) -3- pheny]oxaz1r1d1ne (1).
%
NN

/
H =

| (n
_ The’iso]atfon of this compound fihm1y:establishes the'fact that
oxaziridines ane indeed the'photoproduct'fhom_the %hradiation of diaryl-
‘nitrones. Also, it verifieS-our contention-that the kineti¢s that are
' A'being measdred'are_those of the_diaryloxazinidines. ATthough the.evidence,
as shoWn by Sp]itter‘andhCalvin], for the existenoe of the.diphenyloxa;'
z1r1d1nes is very compe]11ng, the oxaz1r1d1nes themse]ves have never been
'1so]ated _ : ‘
‘Similar resu]ts were obta1ned for the 2- (4 n1tropheny1) 3 pheny]-_'
f oxaz1r1d1ne and the 3- styryl 2- pheny]oxaz1r1d1ne and some of the1r prOpert1es '

‘fare summar1zed in Table I.

59

: C Kaneko had earlier claimed the. 1so1at1on of a d1ary10xaz1r1d1ne

from the photolys1s of 2-pheny1qu1n011ne.N-ox1de,but this was,later ;

proved to be inverror.so
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- Figure 2a. UV spectra of stable. d1ary1oxaz1r1d1nes and ‘the
'f:vcorrespond1ng d1ary1n1trones (1n CH CN)

”i . N-(4- cyanopheny])-a pheny1n1trone ' '_ _ [P “

a

- b. 2-(4- cyanophenyl) 3- pheny]oxaz1r1d1ne | -Qj-—-f%-7>'"

2 a. N-(4- n1tropheny1)- -pheny1n1trone = -
b, 2-(4- n1tropheny1) 3- phenyloxaz1r1d1ne : -
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F1gure 2b. uv- spectra of stable d1ary10xaz1r1d1nes and the g
‘corresponding diaryInitrones (in CH CN) y

3 a. a-styry] N‘pheny1n1trone v ' ff-----= 
b. 3-styryl-2- phenyloxaz1r1d1ne : -

17

1
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TABLE I
Stable Diaryloxaziridines
A

R -C™N: - pX

H .
R X mp A max (e)a ' ' Active Oxygen
' . | (acetonitrile) ' '
'pheny1 p-CN  82-84°C 252 m (e19,500) 98Y%
© phenyl . p-NO,  95-102°C - 290 mu (c12,600) - 944
'-__stym B e3-64°C° 260 mu (<26,800)  80% ©

| a. See F1gures 2 and Zb |

b. | Solvent removal must be carr1ed out at 1ow temperatures <0°C or
product decompos1t1on w1]1 take p]ace

c. The 1ow act1ve oxygen observed for the styry] compound is probab]y
due to 1ts great 1nstab1]1ty, At room temperature it decomposed 1n a few

hours to a dark oil.

Figures 2az4:b show the absorption spectre of the three isolated
diary]okaiiridines and the.corresponding.diary]nitrones. It is apparent
that the oxaziridines show none of the long wavélength abeorptiOns char-
aoteristig oftthe extendedtconjugated system present in the parent nitrones.

The‘3;styry1-2hphenyloxaziridine is quite unsteble, decomposing in
a few hours at.room‘temperature to a dark oil. dHoweVer, at dry ice-

'temperatures it can be Stored'for days. The question remains, why is it

iéo]ab]e at all? uv Studies indicate that the styryl compound is only
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f‘, slightly more stebIe fhan the diphenyI-Cohpound, This is reasonable
since bofn compounds nave unsubstituted phenyI grbups adjacent to the
nitrogen. Attempts to isolate the diphenonxaziridinesby the technique
used above neSuIt.in a very unstebIe oiIIWhIchvdarkened very rapidly. |
Shinzawa and Tanaka31 have:simiIarIy reponted'the instooility of the
diphenyloxaziridine and their failure to isolate it. However}fhey were
able to‘obtain ir spectra-by‘pnotolyzing'fnevnitrone in a KBr disc.at
i I1qu1d nitrogen temperatures. 3]_ | |

.Instead of attempting to explain the isoIab1I1ty of the 3- styry]-
é-pheny]oxaz1r1d1ne in terms of chem1ca1 react1v1ty, a physical explanation
may be more appropriate. The abiIity to isolate the oxaziridine‘may beidue
to its facile crystallization at 10w‘temperatures."As'en 0il, it can still

‘ underQO-compIeX intermoIecuIar deéomposition reactions. In keeping with this,

: fSh1nzawa and Tanaka have reported that the d1phenonxaz1r1d1ne is very

sens1t1ve to concentrat1ons decompos1ng rap1d1y at’ h1gh concentrat1ons 3]

‘Howeyer, the 3-styry1-2-phenonxaz1r1d1ne crystaII1zes at moderate-temper-
' atures.{ In the crystalline state, further reactions may very well be o

'sTowed down because of the rigid lattice structure inherent in the crystal.

‘B. Stable triaryloxaziridines.

~ The dnexpected stability of the triary]oxaziridine system in solution
:1mmed1ate1y brought forth the poss1b1e 1soIat1on and character1zat1on of
“these uriknown compounds AIthough tr1aryloxaz1r1d1nes had never been

1soIated their intermediacy had been proposed

25 -has hypothes1zed the existence of a tr1aronxaz1r1d1ne (III)

- Johnson
in the react1on of d1methyIsquon1um (d1pheny1) methyl1de (II) with nitroso-
" benzene to give N- -pheny1 quorenone ketoxime (IV).- He:also found that

irradiation of the produoed nitrone gave unchanged starting materjal._e'
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Scheinbaur;jG1 féupd that irradiation of'2;3,3#tripheny1nitroné1(IV) in
’diﬁxane gave high yieids of benzoy]dipheny]amihew(VII), presumably
thfbugh the intefmediacy'of‘the triphenyloxazikidine (VI).  No direct -
evidence for' the existehce‘df the oxaziridine could be:found, a]though his
_irradiation‘condifions (0.55,9 of nitrone'in S'ml dioxane, irkadiated
through Pyrex for 2 days with a 550-watt high‘pressﬁfé mercury arc lamp)
-were sd dréstit,.that detection of the'intermeﬂiate'0xaziridinelwou1d.be 
difficult. | | "
'Irradiatidn of‘the %riphenylnifrone for 4 1/2 minutes in methy1éne_
ch]oridé,yfo]]owed by 501veﬁt removal by rotary evaporation yields a |
_quantifative yield of a tan-white crysta11ine‘materia1, hp 125°. The
e]eméntal analysis and‘parent jon in'the massispéctra>indicate that fhe
compound is isomeric with the starting nitrong, 'Thévmajor peaks in ihg
‘mass sbectrum of the oxaziridine are shown below. The main peaks can‘
be accommodated in the mass spectra],fragméntation pattern shoWn in Fig. 3.
m/e (relative intensity) 273 (M%), 257 (1.6), 182 (32); 191 (7), 180 (9),
167 (2), 165 (3), 152 (5), 106 (11), 105\(160),»93 (16), 91 (12), 77 (100),
- 51 (75).
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7P m/e 180
O+,
] :
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m/e 273
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+. +
N+ 9,00 ——>  pCO

© m/e 182 . mwe0s
" Figure 3

- The i¥: spectrum of the unknown shows ne1ther carbony] nor imine absorpt1ons
B (Fig. 4) while the uv (F1g 5) shows only end absorpt1on typ1ca1 of the
non-conJugated oxaz1r1d1ne ring. Quantitative active oxygen content, a
definite indication of the oxaz1r1d1ne structure is a]so observed 'In;
addition, reflux1ng of an aceton1tr11e so1ut1on of ‘the unknown results in
©an 88A y1e1d of the correspond1ng benzoy1d1pheny1am1ne A1l this evidence
is cons1stent w1th a tr1pheny10xaz1r1d1ne structure. o
| By’similar procedures a number of other triaryloxaziridines were
Jso1ated as stab]e so]1ds ' Some of their propert1es are shown in Tab1e IT
nd the uv spectra of the parent tr1phenyloxa21r1d1ne and the 2 (4 n1tropheny1)—

- 3 3- d1pheny]oxaz1r1d1ne and their respect1ve n1trones are shown in Fig5 .
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F1Qure 5. UV soectra of stable tr1aryloxaz1r1d1nes and ‘the
correspond1nq tr1ary1n1trones

4 a. -a,u,h-tr1pheny1n1trone L T cmmemmead '
b. 2,3,3-triphenyloxaziridine | ‘ —
5 a. N-(4- n1tropheny1)—a,a-d1pheny1n1trone ' _————=
b, 2- (4 nitrophenyl)-3,3- d1pheny10xaz1r1d1ne5 ———
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TABLE II

Stab]é7Triary10xaziridiae§

0
X-
R
F—=1
P Py .
(1) L
(2)
X y Lmp. A max (mﬁ) . active isolated
~in CH3CN,(e) oxygen  yield
e M)
(Ta) H W 128 b 99%,99% 100"
(T1b) p-OMe H 103-5° 234 (20,900)  100° 068 73
() pNo, H o TI0-118 267 (14,500) - 92, 980 2
(1d) W p-Br  88-90° 250 (sh)(14 soo) 100¢ 959 60
(le) H  p-NO, 110-115° 251 (16, 200) 100 94d 82
(1f) p-Br H e _Z228_(23,3oo) : 100 -
(2) — - 102-104°  f L 9551_' 57

a. The'me]ting point was difficult to determine'becauSe"thé'materia1 _
'? melted and reso]idified and then-remé1ted'-150-160§ (presumably impure |
benzoyl diphenylamine). | o

b. Showed only end absorption with 512 400 at 230 my, shou]ders at

273 my (e1,890) and 266 my (2,700). |

c. Act1ve -oxygen liberated from an 1rrad1ated so]ut1on of the n1trone 1n :
acetonitrile. - -~

d. Active oxygen of the 1so]ated oxaz1r1d1ne

e. A thick oil. ' _

- f. The uv spectrum resembled the comp]ex uv: spectrum of f]uorene with peaks
at 296 (8, 300) 283 (40 900) 272 (e 500) 243 (¢51,000), and 237 my
(ed4, 600)
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| These stable tr1aryloxaz1r1d1nes can- be stored for weeks at 0°C
v with Tittle decompos1t1on. In the systems where therma1 react1ons were
hinvestigatedt(See the kinetic section) the correspond1ng am1des ‘ware the
primary react1on product again substant1at1nq the hypothesized oxaz1r1d1ne
'structure |

The 1s01atton of'the'fluoreny14N-pheny1oxa21ridine'is in marked

~.contrast to the observat1on of Johnson25

that.irradiation of the f1uoreny1—

N-phenylnitrone (IV) results in no reaction. It appears that his irreotationh

conditions Were_not adequate for.significant reaction to occur. Likewise;

the stability of this oxaziridine (half-1ife in CHyON is about 4 days)

probab]y'exc1udes'the_oxaziridine as a possible ﬁntermediate in the

reaction of dimethy]squonium(diphenyl)methylidevwith nitrosobenzene (II —=VI).
| The iSolotton of_these'diaryT ond triary]oxazfridines is 1mportent

for two reasons. First, and most importantly, they prove conclusively-

the assertion that irradietion of‘arylnitrones does indeed produce oxa-

- ziridines as the primary‘photoproduct.- Secondly, the existence of these

stab]e isomers a]]ows us to test a number of hypotheses which have recént]y |

been put forward which requ1re the 1ntermed1acy of th1s type of system In |

62 b c concerning the mass spectra] rearrangement '

part1cu1ar recent reports”
of diaryl and triary]nitrones-have hypothes1zed,oxaz;r1d1nes as 1ntermed1ates,
‘However, no oxaziridines'were available tor'compdrison.. Un]essﬂthe mass.'
spectral fragmentation'pattern of the oxaziridine s known, its hypo¥.f

- thesized intermediacy in the'nitrone fragmentation is,tenuous, _Investjgations
of the mass spéctra] fragmentation of the oxaziridines and nftrones ere

“currently in progress.63
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The stability of the triary]bxaziridjnes is, és ha§ been explained,
quite unexpecfed. Consdédering the probab]eAsevere steric intenaction
between the aryllgroups,nit would have been expected that they would bé :
- particularly unstab]e.' But molecular models indicate that the steric
intena;tion,between the aryl groups forces the nitrogen phenyl into a

COnformatinn where it cannot appreciably §tabilize a déve]opingg charge

. on ‘the nitrogen resu]ting from N-0 bond c]eévage 'Thus; in effect, it

acts part1a11y as an "a]ky] -1ike" subst1tuent with reduced resonance
stab111z1ng ab111ty

When one exam1nes‘the stabilities of some of the prhenyloxaziridines
which have been investigated, there seems to be a quect nelationship_:
betwéen‘stabf1ity and N-phenyl conformatidns. *Fnr exampie, tonsidér tne

five compounds listed below:

- N /\
(R) ﬂ'—C-—~—\—N——_ﬂ S - (D) é——-N p
- H ' : CH _
K

)
(C) o, 7\~
) --,‘,c:—r\N;-ro

In (A), because of the lack of any ster1c 1nteract1ons, the N- pheny]
‘group can assume a conf1gurat1on where 1t can stab111ze ionic N-0 bond

- cleavage. Thus 1t is unstable and has been observed on1y 1n.solut]on.
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-Compound (8)58,has an-prhenyl rigid]y fixéd-in a conformation where it
~can stabilize the:N-Q bond cleavage and it cannot even be observed in
u solution. However, accdrd{ng to molecular models, compounds (C);'(D),
and‘(E)64 have severe, sterié interactions which prevent the prhenylu
i_ grbpp from stabilizing the deveTopiﬁg charge on the nitrogen. All of them
"ané “isolable , Thus jt appéérs that inJN-ary1oxaziridines_and_in the
trjaryToxaziridines 1h particular, conformation js ah-imporfaht factor

in determining stabi]ity.
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“One of the basfc assumptions made»ih the study of the di- and tri-
aryl oxeziridine.rearrangements is that, within a series, the configura-
tions of the molecules are\the same, In particu]ér, it is assumed that in-
version et,the nitrogen is rapid at the temperatures used.in this study.

The equi]ibration ef isomers in the diaryl system should lead to
similar 1someric distrtbutibns in all the diary]_oxaziridinee since the
steric‘conditions are almost identical in all of tnem. It would also be
expected that there would be a predon1nance of ‘the trans form of the oxa-
z1r1d1ne (1 e., the two ary] groups trans to each other) in the equili-
brium: m1xture since the pheny] group is cons1d°rab]y 1arger than the un-
shared e]ectron pa1r on the n1trogen. s

In the tr1ary] systems, an-approximateiy 50&50‘m1xturezef'the‘tWO
isomers should he present. With rapid‘equjlibretion'of the two isomeric
forms, the distribution of ‘the rearranged products should given an eceur-
ate indication of the relative migratory'aptitudes of the two C-aryl

- groups since confOrmational effects should he unimportant,
The.assumption‘ot rapid nitrogen inversiqnvis'a reasonable one,
"SWa]en and Ibers65'have reported an actiVation enerdy of only 5.8 kcal
for the tnversion of ammonia‘ whereas one would need an estimeted actte
'vat1on energy of 25 kcal before reso]ut1on of stable optical ant1podes

'can be effected 66

While the pred1ct1on of rapid n1trogen inversion

seems valid, two propertieS‘of the'oxaziridine ring strUctures may beh_
cause for concern. One is the constrtcttng nature of the three—membefed h
fihg The second is the effect of the e]echonegat1ve oxygen group |

dire t1/ attacned to the 1nv°rt1ng nltrcaen no1etyq
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67,68 suggested“that suitably substi-

Very ear]y; seVera1_groups
tuted aziridines;‘three;membered carbonfcérbon-nitrogen.rings, may exist
in isomeric forms. . Kincaid and Henriquessg»ca1cu]ated that the activa-
tion.energy of inversion of the nitrogen'etom'Of 1-methy1‘az}1dihe would

70

be approximately 25 kcal/mole. Gutowsky®" reported an activation energy

of 19 kcal/mole for the inversion of n1trogen in 1- methy]az1r1d1ne°

71

Lowenstein, Neumer and Roberts reported an act1vat1on energy of 10 kca]/

- -mole for inversion in 1,2,2-trimethy1aﬁr1d1ne but have recently rev1sed
the figure to 24 kca]/mo]e.72a' The relatively hﬁgh‘activation energies
found in nitrogen inversion cf aziridines can be attributed to the.

strain energy required to read the planar transition state (I). In

c{i—\»g-k
(1)

'aﬁridines the C-NfCehonds'are constrained to an angle of260°. ‘In thef:
~ ground state_the nitrqgen is sp3'hybrid12ed sd the'preferred'C-N-C
bond'ang1e is about 104°, - However, in the.bianaf transition‘State fohv
~ inversion.. (1) the'nitrogen assumes an spz.hybridiiation with a preferhed
- C-N-C bond- ang]e of ]20°' Since the C-N-C bond'is consthained to a'60§
angie, the 1ncrease 1n bond ang]e strain on going from sp3 to sp2 hybr1-
dization causes a marked decreases 1n rate of n1trogen 1nvers1on

- W1th larger groups attached to the n1trogen, it might be expected |
: the inversion rate would decrease because of pondera] effects. But as
_ K1nca1d and Henmques69 observed the 1ncreased we1ght of .a group wou]d
'have ]1tt1e effect when compared w1th the increase in steric repu]s1on

' caused by the larger groups But even w1th the bu]ky 1-t- buty1 group,
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'Brois73, in contrast to earlier resd]ts‘of Roberjts66

, reported that the
two isomers can be detected at room temperature by NMR. /
Because of -the ability of the aryl aroup. to stabf]ize the planar

transition'state'for nitrogen inversion (II), we would expect a large

increase in inversion rate relative to fhe-N—a]ky] compounds. Anet and

1='coworkers74’75 have investigated a large number of aziridines with N-

‘substituents which could stabilize, By tésbnance, the'transitipn state
for nitroaen invérsion. They found for the 1-phényiééiridine'q AF* of
i2.9 kcé}/md]é at -40°C. (For more highly conjugating sustems such

as. a~1—cafbome£hoxyazirfdine théy found a AF*_aE;iow-aS 7.6 kcal/mole.)
They also found fhat neighboring:e]ectfonegative grbups,suqh‘as'sulfur”

retard‘thevrate'of nitrogen inversion in the aziridihes.zs

75

They concluded’ ™ that the retardation of nitrogen inversion rates

by néighboring é]ectronegative groups is céused by a cbmbination-of in- 

ductive and electron repulsion effects. A rationale for this effect .

has been proposed by Bent76 who states that: "....as the electronega-
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tivity of the substituent incréases the centra] atom diverts increas-
1ng amounts of s character to the orbital or orbitals occup1ed by tne .
lone-pair e]ectron< " Since in the planar transition state (I), the
electron pair mus t be,1n a pforb1ta], this tends to ra1se the energy
"of the transition state and hence reduce the rate of nitroaen inversion.
The e]ectron repu1s1cn effect comes about because of the existence of
unshared e]ectrons on the ne1ghbor1ng group For 1n°tance in the 1-
'benzenesulfeny1 aziridine the ne1ghbor1ng sulfur has an unshared pa1r
of electrons |

‘In the transitiongstate for.nitrogeh fnversiana, the filled p-
lobe of the nitrogen would fnteractvwith the e]ectronerich’fohe of thé

sulfur (IIIa) Th1s e]ectron repu]s1on wou]d be much less in the. ground

. \l/ \\&T/‘-

(\7 c/[Oi}
p—S—NI~ | Fo ﬁ
(111a)) o (111b) |

: state; A simiiar effett shqu]d be found in the transition state for
'nitrogenvinrersienvin the oxaairidine rihg'system (IIIb- As an examp]e
of thié repulsion, the preferred conformation of hydraz1ne has the two—
,'e]ectrdn'paer'in orb1tals wh1ch are at 90° to each other-77 Gr]ffltn and Pobertz
has presented experimantal ev1d°nce that the effect of a ne1ghbor1ng

~group in the inversion of nitrogen is substant1a1. ~They found in studies‘

of Hwbenzyl-NQO-dimethylhydroxy1amine an inversion barrier of j2;9vkcaj/ f

T poie in n-haxane,
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If we take Griffith's and RobertS"data for the inversion barrier -

| of N-benzy]-N,O-dimethﬁhxdroxylamine and eXfrapo]ate it to'25°C, we find

‘a’rate constant of approximately 2 x 103 sec” . This compares with a
“value of 2 £ 1 x 10° sec”! for the inversion rate of the similar N,N-
‘ : ‘ .
79

dibenzy]-N-methy]amine-as calculated by Saunders and Yamada. ‘Thus,
a»rate decrease of ovef 102 might be expected_ﬁf an N-alkyl group‘is
mMawdbyaanwn; v | |
| Curtin,.Grubbs_and McCarthyZG.have tabu]ated‘dafa on the uncately—
 zed synlanti iéomerization'of imines, oxime ethers and halomines. Sbmee
- of the results are shown in Table I.The:substitutiohl of a chloro group
for an N-alkyl group causes a.merkealdeerease.(tglp4) in the 1nvér$ionf
rate in 1minee;_The effect of an.alkoxy.group is even mbrevmarked,fceus-_
1fng a rate decrease of'gfeater than 10°. “bn the other hand, the N-ery1

‘group causes-an increase in the rate of N 1nvers1on of about 105 relative -

to an N- a]ky] group, Accordjng to Curtm26

these imines are,thought to
_1somerize via a "shift of the substituent attached to the nitrogen from
one side of the mo]eeule‘through»a linear transitidn state, the nitrogen
~-atom adopt1ng linear sp bonds, the bond rema1n1ng intact, and the unshareed
_Yelectron pa1r occupyng the perpendicular p-orb1ta1 of n1trogen in the tran-
~ sition state.f Thus thevnitrogeh inversion in imines bears‘aegreat resem-
blance to isomerizationkin eziridines and the effect‘of substituents_in
imine inversion may a1eo have the seme effect in the aziridine syétem.{
* The'solvent used 1h this work was water,as'combared with hexane used
by Griffith and Roberts. 78 If hexane were used, we would expect an even
higher rate since the strongly hydrogen- bond1ng solvent, water, should

have caused a marked decrease in nitrogen inversion: rate relative to -:
the rate in a hydrocarbon solvent.
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Data on the Unimo]ecu]ar'gj§}trans (syn.-anti) Isomerization of Imines

Structure = - ..kGOf
d
C6H5CH =NC H5 207 .
p-X CGHQ _ _ b
/C NC6H5 10
XC H.
P ¢
C=NCH3 10
/
P xCeMly |
0-CHaNHAY, R
37 C=NeH oo d
CeHs
O-RNHAY‘ I3 » _4e
§ NCH CH NR << 10 .
M
C6“5
p- CIC : '
6", R
NBr <10.7
_p-c1c6H5 s
=NC1’ <0
Cetls
P-CTCGH&' -i3b
'C=NC0CH3 < 10
p (
~ Cehs

a. D.G.Andefson and G. Wettermark; J; Am, Chém;'Soc;‘gz;

b. Reference 26.

Ea

6.5

17-20

25-27

‘Solvent

ethanol

, CC14, cyclohexane

cyclohexane -

- isomer isolated

- isomer isolated

¢yc10heXane-

cyclohexane |

decane

1433 (1965).

€. D.Y. Curtin and J. W. Hausser, J. Am. Chem. soc~-837‘3474 (1961).
d. G. Saucy and L. H. Sternbach He]v. Chim, Acta,’ 45 2226 (1962).

e. S. C. Bel] G. L. Conklin and S. J. Ch11dress, J Am Chem Soc° 85
2868_(1963) J. Org. Chem 29 12368 (1964) '
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Reeentiy,'a humber of papers have appeared'which‘substantiate.

the view that a combination of an aziridine ring and an adjacent electro-

80

negative group greatly reduces nitrogen_inversion-rates. Brois , and

81

Lehn and Wagner®' have examined the nuclear magnetic resonance (NMR) of

N-chloroaziridine and several dimethy] sﬁbstituted N-chloroaziridines.
'In”contraet'to a recent'reportsz; they found nitrogen inversion ekceeding-{
ly stow with no peak coalescence even at'180°.66 Thus a free'enerdy»v3

AF* of'we]1 over 23 kca]/ho]e mus t be.assigned to this inversion._ Manhf"

1. 83

schreck et al reported a similarly high activation energy to nitrogén

84 and Atkinson85.reported exceedingly

inversion in diaziridines. Brois
slow inversion in N-aminoraziridines
F1na11y, two . groups reported the 1so]at1on of 1nvertomers of N-

86 reported the 1so]at1on of 1- chloro-2- -methyT-

ch]oroaz1r1d1nesl Brois
vaz1r1d1ne (IV) wh11e Fe11x and Eschenmoser 7m1so]ated the 1nvertomers of

7- aza-7-ch1orob1cyclo (4.1 O)heptane (V) f

Z " > _ ‘/Clwi - CDVC] I
(v) | -'(v-)l_ |

Very recent]y, the optical isomers of some N-halo- 2-a]ky1az1r1d1nes |
were reported87b | -

Thus, the extreme stab1]1ty to 1nvers1on of some. su1tab1y subst1-
’,tuted az1r1d1nes was demonstrated Therefore our. or1g1na1 assumpt1on

- about the rapid inversion of the nitrogen in oxaziridines may not be‘J
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valid. Reducing the rate of inversion are the restrictingueffects of

., the three-membered ring and the electronegative effects of the oxaij-
;ridine oXygen. Increasing the inversion rate is the effect of the N-
1ary1 group in_stabdiizing the transition state for isomerjzation; -

uWhether this stabi]ity can be extrapo]ated to oxaziridines was a
matter of conjecture until quite recentlyg

Emmons23 reported the existence of two r1ng hydrogen- resonances
in the NMR of 2-t- buty]oxaz1r1d1ne 1mp1y1ng a s]ow inversion about
the nitrbgen. : Brois and Pews b reported that 3-pheny1—2-a1kyJoXa-‘
_z1r1d1nes show two ring hydrogen resonances in its NMR spectrum,
1mp1y1ng a slow rate of n1trogen 1nvers1on.

F1na1 conc]us1ve evidence for the\stabi]ity of oxaziridine in;}
Vuertomers'camefin two recent reports. Boyd"areported that oxidation of
: funsymmetrfcalbinnnes with opticaTiy-active.peracids yie]ds optica]]y
'active oxaziridines The optical act1v1ty is most ]1ke1y -due to the -
asymmetr1c carbon, But Boyd reports that severa] compounds gave two
oxaziridines of d1ffEr1ng optical act1v1t1es Th]S implies that
diastereomeric forms exist which_are caused by the twoistgglg_configur-vv
. ations of the oxaziridine nitrogen. Similarly,'Montanari, Moretti and

 Torke®®®

reported that ox1dat1on of N- d1pheny]methy1ene methy]am1ne w1th
optically active perac1ds yielded an opt1ca11y active oxaz1r1d1ne (VI)

2-methy1-3,3- d1phenyloxaz1r1d1ne,

So* W. D. Emmons, unpub11shed results, as: quoted in Reference 66.

** - S, J. Bro1s and R G.. Pews, unpub11shed resu]ts quoted in Reference 86.
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0.

9, - Z—n - Cs

(v1) |

With the symmetrically substituted carbon, the only source .of optical
activity lies Hn thernitrogen. For opticaj activity to eXist,vthe
nitrogen cohfiguration mu§t be extreme]y“stab]é..In'faqt, the mo1ecu1e
is‘cdnfiguratiqna11y stable at 90°, wheré'it cannhe vacuum distilled
with no detectable loss of opticéﬁ,activity.

Thus , as implied by previous wohk on aha1pgous sytems, the n-
a]ky1voxaziridine containsvan extréme1y stable configuration at nitro+:
3_gen.‘_Whether the N-phenyl group on the diaryl- and thiary1oxazihidine$
_ CadSestrapfq N-inversion is a questton-that mus t be.reSpived before any
',interbretation of the kinetic data can be attempted. The comb]itations
that would result if two stable isomers of each oxaz1r1d1ne existed 1n
'solut1on are appa111ng “ |

To determ1ne whether there were two stable 1somers of any of the
oxaz1r1d1nes we_were investigating, the nuclear magnetic resonance )
spectra were taken of a number of stab]enhxaziridines (see Table II t_
and Figure 1-3). From these results it appears that‘tWO?different
"~ isomers are not bresent in any of the spectra, Since the oxaziridine

| hydrogen absorpt1ons shou]d be great]y d1fferent in the cis and trans
89* .

1somers of. the oxaz1r1d1nes.
. The fact that only one oxaziridine hydrogen'pehk'ié'seen imp]iés‘
that two stab]e 1somers are not present, -To be sure, this is a very en-

courag1ng resu]t

% Here cis and trans refer to the orientation of the two aromatic =
groups with respect to each other.
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~ Non-Aromatic Prbtons'in the NMR of Oxaziridines

- Oxaziridine
AN
1) P-C ——N-Pp-CN
S e
) ',/0 :
. 2) Gzp——::N-ﬁp-NOZ

0

: AN
. 4) | g? s‘? - f:;::Nﬂ

Y.-‘HB o

e
I ——

“H 1t 5.55 (singlet)

H  5.37 (singlet)
H 5.55 (singlet)

H o 5.70 (doublet).
| H g8 3.95 (quartet)

'H y 3.02 (doublet)
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Figdre'1. NMR spectrum of 2-(4;cyanopheny1);3—pheny10xazjridine in
,CQ]4V(TMS:interna1 standard). :
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» The‘singie oxézifidine hydrogen resonénce can bé eXp]ained in
two ways: either there is a rapid equilibrium betwgen the.tWO isomeric
oxaziridines or just one §tab]e_isomer of the oxaziridine is produced by
photochemical irradiation. In the former, if isomerization between the two
isomers occurs more répid]y thén about 10 times per secpnd, the NMR would |
”aVeragelthe two signals into one sharp peak. In the lattér,,the photolysis
of the nitrone would presumably forh ?he trans isomer where the steric inter-
: actiohs between thé phenyl groups would be minimized; NMR épéctra'takeh
_very'éoon after irradiation and a conSiderab]e‘time later both show no
_eVidence’of another isomer. Thus., the possibility of the photochemi¢a1
fbrmatidnvof one isomer which slowly isomerizes to thé other is eliminated.
'A1though é]]_our kineticidatavwould not béicomp1icated by eitherirésult,
it would be preferable to.Be able to distinguish between the fwo.

In our studies on the rearrangement of thé.3-methy1-2,3¥dipheny1‘
oxaziridine, we found that the oxaziridine from the irkadiation of the
correspbnding nitrone éouid be isolated as a thick oil by.the procedure
uséd'ear]ier. The NMR spectra taken of‘the compound shows‘twb separate‘

imefhyl resonances at 89‘and 111 cps downfie]d.from TMS. The ihtegrated=
peak areas show the expected 10:3 ratio between aromatic and the tofa]
' héthyi protons Thisimplies that there are two separate isomers of the
oxaziridine that do not 1nterconvert rapidly.

To verify the existence of two separate 1somers rigorou§1y, it:
must. be shown that the so]ution does actual]y contain on]y the oxaziri-
dine compounds and that the two methy] resonances are attributable on]yi

~ to these oxaziridines. In Table III are shown the methyl resonances of
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TABLE III
Methyl Resonances of Possible Products from the

" Thermal ReactiOn.of 3-Methy1—2,3-Diphenyloxaziridine

Compound B Methy] Resonance
_ ' ' (cps from IMS 1in
.CC]4)
Cp(eHg)eN(O)p 151
P(CH,) C=Np | 129
-:"QCO_CH3 | o _ ' ]4,7
PCON (CH4) 9 | | | 206
CH3CONG, R I R &

0f the norma]]y'expected products, only the acetyldiphenylamine haé an
absorption near either oraziridine absorppiohs. This product, however,
forms only siow]y in so1ution over é matter of-weekel A1so4 fhis re-.
'arrangement product is formed in conJunct1on w1th the N- methy]benzan111de,*
~ No methy!l resonance for the N- methy]benzan111de tan be found Thus, it
appears the two methy] resonances are not. from oxaz1r1d1ne rearrangement
products but, indeed, are from the primary irradiation product of the
nitrone. N | | 7 |
;In addition, the UV spectrum (with only short wave]ength end'.; 

absorption).is that_exbected for an oxaziridine structureeahd the IR
shows no -carbonyl nor C=Nfabsorptiohs. Fina]]y,'the-sdiution shews‘quantie |

tative aetive'oxygen content, a strong indication of oxaziridine strgctﬁre.
S * ~ Reflux of a. carbon tetrach]or1de solution of the oxaziridine

for several days resulted in the formation of a mixture of N- methy]benzanll-
ide, acetophenone and acety1d1pheny]am1ne in a ratio of about 6:3:2.
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Thus, the oxaziridine structure of both isomers appears confirmed.

CH S o |
2N CHy PN P
C | | | Sl
/ | N | v
p g - P
"cis" - - a v"transﬁ
(vir) . | (VIII)

. The assignment of the low field methyl resonance to the."gjsﬁ_isomere

* . o o
(VII) and the higher field resonance to the‘"trans" isomer (VIII) is

based on an'anaTogy with simi]ar systems For exaMb]e, the proton reson-

ances have been ass1gned for the compounds noted below:

' 89,90 -
(x9.24) 8”3 (18.33)26CH

.3\\\\ | :
_ S
fr7.96)CH3//f/~—— ”

(8.98) CH

* The cis and trans terminology refer to the or1entat1on of the two pheny]

groups with respect:to one another.
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From these examp]es we see that the methyl group ‘trans to the phenyl
appears upfield re1at1ve to the methy] group cls to the pheny] Apparenté
ly the phenyl group shields the ¢is-methyl and’ causes an upward sh1ft in

its. absorpt1on ‘The chemical sh1ft difference between the cis and trans

is on the order of .3 to .4 ppm,_ in fair agreement with the value of .40 ppm
found in the oxaziridine system.. | | | |
Generally, to determine ‘the inversion rate for interconverting spe-
. cies, etc. , the effect of increased temperature on the peak separation 1s7
'_ measured. However ~in our system, heating causes rearrangement of the
compound. Thus, ‘any measurement of inversion rates would be difficult.
An 1nterest1ng phenomenon was noticed, however, which made 11ne-broaden1ng
techniques of this type unnecessary. Di fferent preparat1ons of the 3-methy1-
2,34dipheny10xaztridine resulted in differenthreﬁatfve3amounts‘of the two
methyl peaks, the ratio of low fie1d'tovhighbfie1d_peaks varying from )
30:70 to 80:20. Further investigation indicated that the ratio of the
two peaks is time dependent! If measurements are taken early (Figure 4}
the high f1e1d peak accounts for ca. 20% of the tota] and 1f the so]ut1on
"stands 2 day at room temperature this percentage 1ncreases unt11 it accounts '
for about 70% of the total (Figure 5) Thus, it appears thatphotochem1ca1
'1rrad1at1on of the n1trone yields a non- equilibrium mixture of the two
oxaz1r1d1ne isomers wh1ch s]ow]y equ111brates (w1th a ha1f—l1fe of severaT
hours at room temperature) | U |
The UV spectra taken 1mmediate1y after irradiation and a day 1atér]'

are identical. The IR shows very little change and the active oxygen con-

* However, the methyl resonances of the cis and trans isomers of 15
pheng%-propene are almost identical ( T 8.15 and t 8.17, respective-
ly). ’ ’ . o o
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Figure 4. NMR spectrum of 3-methy1-2,3-diphenyloxaziridine in-CC14
. 'taken-as'soon as possible after preparation (TMS internal standard).
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,,Figure 5. NMR spectrum of 3-methy1 -2,3- d1nheny10xaz1r1d1ne in CC]

about e1qht hours after preparat1on (TMS 1nterna1 standard)
(A trace of acetophenone is present, t 7. 55)
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tent remains quantitative after 8 houfs (28%). Thus, égafn it appears
that this §lgg;reaction is isomerization between the' two oXaziridineso
From a'thefmodynamic standpoint, we wdu]d'expectvthat the equili-
bfiumvmixture of the two oxaziridines would have a preponderance of the
"trans" isomer (VIIi) sfnce‘steric interactions in this system would be
Tess than'in thé corresponding "cis" form (VII). In the cis form (VII)
the pheny]éphenyT intefaptions would tend f0'déstabi1ize'the struqfure3
| while in the grgg§__irm,ﬁ(VIII) there would be a less everer ﬁéthy]-phehy]
interéction. If we apply this'thermodynamfcikeasonihg to this system,
we would assign the’9§r§ﬁ§f form;(Vlli) tb the higher field methy1'group
féince_it is the dominant species at-équi]ibrium; This; in turn; would.
imply thét the photochemical irradiatfon'of the nitrone predominantly
prOduées'the:§i§_isbmer (VII) which s]ow]y isomeri;es to thé'tréﬂi_;form
' (VIII);_This structura](assignment'is'the same’aS-thatdbtainéd previously
using structural analogies. | |
The fact that the g-methyl4a,N—diphehy]nitrdhé;-dn irradiation, br¢~
: _duces a non-thermodynahic distribution of oxaziridineé, is worthy of note;
| In our.studieé, we found theigis_isomér produced in 80% yield with 20%
~ trans. However, our'experimentél technique to pfdduce thé.oxaziridine~'_
involves a fair amount of time (at 1eaét 50 minutes) before the first NMR
specfra is taken. During fhis time, conversion of some gig;isomer'to‘gﬁgyi_
vmust_undOubted]y take place. Thus, the actual percentage of\gig_isomer. |
origind]]y formed is greater thaﬁ 80%; 90% may be a mofe reésonab]e figure,
| Thé starting nitrone itself has proven to be unusual. Unlike the

triaryl- and diarylnitrones which are extremely stable, the a-methyl-%N-
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1d1pheny]n1trone is extreme]y unstable, Even at 0°C it sTowly decomposes

to an o11y m1xture wh1ch by NMR (and o]efactora]]y) consists in 1arge part
of acetophenone. In contrast, all of the d1ary]- and tr1ary1n1trones pre-
pared in this work are‘completely stab]e at room temperature. NMR spectra
of'the'nitrone'shows on1y'one methy] resonance* at t 2.50 (see Fioure'6)c

93-96

Thus, as found in the dipheny] case ° s on]y one isomer is present.

This is, however, in contrast to the f1nd1ng that the preparat1on of a-
*%k

‘cyano-a,N- d1pheny1n1trone results in both the cis and trans 1somer.97‘*

'L1kew1se, in the present synthesis of a-(4 methyoxypheny])—a N- d1pheny1-

- nitrone, two 1somers were formed in about a 1:1 mixture. (see Exper1menta1
Sect1on) Since the method of synthes1s is exact]y the same as in the
compound 1in quest1on (react1on of di-substituted d1azomethane w1thvn1tro;

| sobenzene)5 the lack of isomeric a-methy]—d,N—diphenylnftrones‘15 un-
expected; The actual configuration of this nitrone is unknoWn,:a]though,

. : . . ckkk
judging by the unusual instability, the ¢is configuration is probable.

- as quoted
* J. Hamer and S Maca]uso unpub11shed resu]ts/1n Reference 95,

** Although the react1on form1ng these nitrones is somewhat different
’ ~than the one used in the present case, similar steric cons1derat1ons
should ho]d in the two cases. ‘

***  Attempts to isomerize the nitrone to the other isomer,.either ther-
0 mally or with 1od1ne have fa11ed _
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Figure 6. NMR spectrum of a-methyl-a,N-diphenylnitrone in CC1, (TMS
internal standard). : I '
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Further evidénce for the'gi§;orientation_of_the nitrone can be
found if the UV spectra is compared with. other nitrones. Listed’be]bw
-~ in Table IV are the UV maxima and extinction coefficients of the d-methy]—

a,N-diphenyinitrone, the,dipheny]nitrone and the tripheny]nitrone;

TABLE IV
Compound | UV Max (Acetonitrile) (mi) | Extinction Coefficiént
-0 : . | |
poH=N, - 317 - 18,500

/. . - :

i A0 e o

et S 312 11,400
e A ' ' o : o

N 291 | | 8,800

% max (ethanol) 322 my (e 18,700
- %% max (ethanol) 3117 mu ( €11,000).

iThe much shorter wavé]ength absofption of the a-methy1-a,N—dipheny1ﬁitk@ne
,”inditates the ébsence of aiﬁrgﬂgfcohiugated aroﬁatié ring system as fddhd
‘in_thé othervtwo compoundso',Likéwise; the Tower éxtjhctiOh cdéfficient 
is typical of gj§yconjugated aromatic systems whére noh-toplanarity of

the aromatic ring exists. For example, trans stilbene hasi-kmax'at 294 my
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(e 24,000) while the cis isomer has a A__ at 278 mu (e 9350).°%

max
A pdssib]e'Qggt!hgc_rationa]ization_of the formation of the cis
isomer in the reaction of nitrosobenzene with phenylmethyldiazomethane can
be made, if the reaction proceeds as in Eigure-Z; |
Conformational preferences of the intermediate may deternhe

the favored product. Because of electrostatic attraction we would expect
the intermediate A_to be most stable nhen the positively charged diazo
' group is'near the negative oxygen; In Figure 4'are shown the four
_ possib]e conformers with the diazo grodp and the negative okygen gadche;
to one anotherd' In cia eliminationggh'the Unshared pafrrof-e]ectrons on
the nitroso. nitrogen directly over]aps with the deve]op1ng e]ectron
deficient carbon Tobe formed as the N2 departs. This should be the
favored course of reaction. If diazo e11m1nat1on can on]y occur by th1s
eXpected;jgj§;eidmination, conformers’ As and 54 cannot lead to product. -
But both conformers‘AJ and Az,can. Since the,unshared electron pair is
sma11er than the nedative oxygen, structure’A1 is more'stablevthan strUcture'
AZ since in AZ the C-phenyl is gaudmato a pheny] and the negat1ve oxygen o
while in 52 it is gauche to a pheny] and the smaller unshared electron |
Vpair.' Cis elimination from A1, the more.stable conformer y1e4ds ‘the

cis nitrone, which is the product obtained in the reaction. In ‘the tr1ary1
system, where the methyl group is replaced by a subst1tued pheny1, con--
formers AJ and 52 are energet1ca11y'equ1va]ent and thus a m1xture of 1so;
mers wou]d be expected This rat1ona1e is not comp]ete]y compe1]1ng, and

“'a further 1nvest1gat1on of this and similar systems seems: 1n order,
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Figdre 7. The mechanism of hitrqne formation invphe o
reaction of 1-methyl-1-phenyldiazomethane with nitrosobenzene.
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If the nitrone tsOmer We are dea]ing with is indeed the cis iso-
mer; we have a consistent result with respect to nitrone irradiation:.
the cis-nitrone yields e'ci§_oxaziridine stereospecifically; A corollary.
to this result is that irradiation of a‘trgng_nitrone should lead to
‘trans oxaziridine, |

93 9% Irrad1at1on of

The d1ary1n1trones have been shown to be trans
the nitrone produces one oxaziridine as shown by the occurrence of only
one oxaziridﬁne hydrogen resonance in the NMR. The absence'of any other
oxaziridine.hydrogen signals with time indicates that the oxaziridine ori—
ginally formeo is the trans isomer, the thermodynami cally more stable one.
(In this case, the'trgn§;oxaziridine should be sjgnificant]y"more stable
than its:cig_counterpart.since strong phenyléphenyl‘interéctiOns occur
_in theicii;compound, which are absent in the trans ~compound.) As a'con-
7_sequence, negligible amounts of the cis-oxaziridine should exist in the

equi]ibr{um mixture, There s reason to believe that no‘§i§}oxaziridinei
is produced in the irradiation mixture at all. Since the ha]felife for
' Ejé;;;;;;.5>31355_isomeriiations is relatively Hong, of the ordervof
several hours,‘we should be able to observe any;cii_isomer that was
originally formed; but none was seen. It therefore appears thet the "Erén;"
d1ary1n1trones on 1rrad1at1on produce only- trans d1ary10xaz1r1d1nes.*

From a closer 1nvest1gat1on of the photochem1ca] ring closure occurr1ngv
in the nitrone photolysis, the stereospecific synthes1s of oxaz1r1d1nes

is not surprising. If we consider the rearrangement to take place through

a concerted ring closure, the following sequence, as shown in Figure 8,

- * The absence of a noticeable induction time in the 2,3- d1ary10xaz1r1d1ne
kinetics also argues against a s1gn1f1cant cis _,___£> trans reaction,
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| " XBL 695-4264
Figure 8. The stereospec1f1c pathway for oxaziridine formatmn
in the photo]ys1s of the correspondmg mtrone
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should occur. In the grdund state_nifrone,'the carbon,nitrogen androXygeh'
atomS'0ccupy one b]ane with their conjugating p-]obes perpendicular to

the plane (A); Because of the cohjugétéd syétem, eration around the C-N

énd N=O bonds are restricted. In the electronically-excited state of the_

molecule, these restrictions are reduced; aT]owing freer rotation about

b_ the two bonds. Rotation about both the C-N and N-0 bond 6CCurs;:a1lowing.

a partial overlap of the p—drbita]s of the carbon and oxygen. As this

Qverlap becomes more pronounced, and a sigma bond forms, the cafbon'p410be
3., |

fehybridizes to an sb lobe (B); Concomi tantly, e]éctron répu]sion'from

this partially formed sigmé3b6nd; coupled with a loss of conjugation sta-.
bilization, causes thé p-lobe on the nitrogen‘to-as$ume_é more stabie sb3_
hybridization with the'iarger lobe on the side of the p1ané"o§pdsite to
the deve]oping carboh-oxygen bond, (C). The'énd result is ._ an oxa-
ziridine (D) that has retained the configuration of £he starting njtrbne°
Thus, we see thatvirradjétioh'pf gi§_hitroné can very 1ike1y>1ead to cis-
‘voxaziridine and; conVers1y;”§f§ﬂ§‘nitrone can lead to‘frgggfokaziridine.
This is in contraSt to the results of Koyano ahd-TanakéwO who re?\

~port thét both cis and‘tf&hs d-cyéno-d,N-dipheny]nitrone produce the

same oxaziridine. However, their conclusion was based on the fact that
photoproducts of both isomers have the same UV spectra. Since both oxa-
ziridine isomers should have very similar spectra anyway, their conclusion

is not convfncing; Bapat]O]

has recently shown that irradiation of a sub-
stituted 1-pyro]ineA1-ox1de (IX) Teads to a single oXaziridine (X)-(thei

thermodynamically stable isomer), while peracid treatment of the correspond-
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ﬁng 1-pyrroline produces- the opposite’ isomer (XI);'Therefore, some type of

0 - ,' S |
(_I-X).’ ’. __(X) | R (X1)

specificity is not'unexpeétedgin this irradiation. Furthermore, as has -

31

been shown by Shinzawa and Tanaka”', the nitrone irradjation'proceeds

via a singlet state. Since the lifetime of a singlet state is short]qz,_fr

it is very possible that ring closure to the oxaziridine occurs before
full rotation around the C-N bond'to givé"the Opposite_iéomer can

conpete;lOn'the other hand;‘with a Tong-Tived triplet statejoz;vrotatiqnn
'arOUnd the C-N bond shoUld'have sufficient time to occur, 1eading"to"

a m1xture of tsomers. Th1s has been conf1rmed by Koyano and Tanaka]Oo

‘who found that tr1p1et sens1t1zat1on of nitrone irradiation resu]ted 1n
- state .
cis-trans 1somer1zat1on about the C—N bond S1ng]et/react10ns gave none

***
-of th1s 1somer1zat1on..

* By UV spectra, Splitter and Ca1v1n1, have also found that the therma]

. isemerization of the 3-(4-dimethylaminophenyl)-2(3- n1tropheny1)oxa—
ziridine (presumably trans) yields what appears to be the:"¢is" nitrone
which then slowly isomerizes to the starting "trans" nitrone, The pro-
cess where a trans nitrone photochem1ca11y yieTding a trans oxaziri-

d1ne which termalTy referts to the cis nitrone. may be fo TTowing the
e]ectrocyc11c rules of Woodward and Hoffman. 50 .

*k For a stereospec1f1c photochem1ca1 rearrangement of az1r1d1nes that
- appears to obey the Woodward-Hoffmann rules, see Reference 103.
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One consequence of this predicted stereospecific rule is that, when

cis and trans isomers of the corresponding nitrones eXist, photolysis of

the separate isomers should lead to isomeric products. In the'gi§;and
trans afcyaho=&,N-dipheny1nitrones, the irradiatjon should produce

separate cis and trans oxaziridines. But, as our work shows, isomerization

proceeds quite'rapid1y. Thus identification of the isomers may be dif-
" ficult. However, the cis and trans isomers of the nitrone (XII) shown

‘below have been separated;,

X, . 0 . p. .0 ' o ,
/ - 104,105
_.\‘c=1\\ : : \c-=|< : X = p-NO, ‘
/S | / N o
g - CHy - Xp CHy | L
(XIla) (XIIb)

Irradiation df these nitrones should lTead to stable photoproducts. As

shown by Montanari 88b

inversion about the nitrogen of an N-methyloxa-
ziridine is very slow. Therefore irradiation of the gig;nitrene should
w'_Tead to a stab1e”gj§_OXaziridine and irradiation ef_the trggg_nitrene’
ehould‘produce the trans oxaziridine. These 0Xaziridihes should be non-
interconverting, isolable, and characterizable. In particular, NMR of the
oxaziridine methy] group shou]d easily d1st1ngu1sh between the two.

' This is a very jmportant conf1rmatory exper1ment that should be carr1ed out
1n the near future. ‘

| - The k1net1cs of the 3-methyl-2,3- d1pheny10xaz1r1d1ne 1somer1zat1on
were measured at two temperatures 0°C and 22°C. The isomerization fo]-

1owed f1rst order kinetics with f1rst order rate constants of 2. 18 X 10° -6

‘sec'1 and 8.21 x 10 '] respect1ve1y. From the two rates, a value
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“of the activation energy E5 for nithogen inversion was calculated to be-
about 26 1/2 kcal/mole (aH 26=kcal/mole) and S = + 10 e.u. i§1nce only

two points wehe employed, these values are on]y'approximate and an E

of 26 1/2“kca1/mele‘+]0%‘seehs more appropriate. As\far as can be fbhnd,
no activation‘energy has ever been calculated for a trttalent N-phenylamjne
and therefore Comparisbns are difficult to hake HoWever the E4 found

is s1qn1f1cant1y higher than the 17 21 kca]/mo]e ca1cu1ated by Curtin
for the cis-trans 1somer1zat1on of subst1tuted tr1ary11m1nes 26 Anet75

' has measured the AF for nitrogen inversion of1- pheny]az1r1d1ne at -40°C
and has obtained a value of 12.9 kca1/mo1e If we extrapo]ate our data

to -40°C we obtain.a AF of 24 kca]/mo]e Thus in the oxaziridihe system,
~dnversion is 11 kCa1/mo1e less favorab]e than in the pheny]az1nd1ne |
system Th1s confirms the awesome rate- retard1ng effect of the oxa- )
ziridine ring on the rate of njtrogen 1nversioh.: .The fa1r1y s1gn1f1cant
poéttive A8 for,hithegen inVehsion‘is in fair.agreement with the\va]ue of

+15-20 e.u. found by Jautelat and Roberts72

_tor-the inversion of 1,2#2-
trimethylaziridine. They theorized that constraining sterie tnteractions
may be preseht in the,ghound'state which are absent in the thanéitibn”
state for'nitrogen inversion. Such an explanation also. seems app1icabTe

in this system.

. v _ S ER
Since the ground state of this oxaziridine system is probably destabil-
ized by steric interactions, the A F* for the hypothetical unsubstituted
N-phenyloxaziridine should probably be even higher. Thus the retarding

~ effect of the oxaziridine on nitrogen inversion relative to the aziridine
s probab1y greater than the 11 kcal/mole which was ca1cu1ated
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A simi]ar-resu]t is observed in the NMR sbectrumlof 3-(4-anisyl)-
2,3-diphenyloxaziridine (XIV) which was synthesized by the photolysis of
the corresponding ue(4-an{sy1)-d,N;diphenylnitrone (XIII).

_OMe §. . O p-OMed @

p-{ ,&>C=N<AA ‘ &\/C f"J,N\

g p 7
(XIITa) (trans) ~ (XIIIb) (cis)

p- OMeQ /\ | P- OMew /\

ICM\ o - ./C_—‘NS

P . : . g :
®va) | (xwb)
 The NMR spectrum of the nitrone itself (Figure 9) shows two distinct

methoxy methyl resonances atr 6.24 (area 1 7) and 6.34 (area 1.3) p]us‘i
comp]ex mu1t1p1et of aromat1c hydrogen resonances centered atr 3. 1 (area
14) . The ex1stence of two d1st1nct methyl resonances 1mp11es the
“ presence of both the’ trans and cis isomers of the nitrone, XIIIa and XIIIb
rg_respect1ve1y The wide me1t1ng range of the nitrone (128-146°) is also .
1nd1cat1ve of a mixture of isomers. |

A tentat1ve assignment of the methy1 resonances can be made. ‘Because
~of -the great shielding power of the negatively charged oxygen, it is

~expected that the methyl group of the trans isomer. (XIIIa) ‘would appear

The terms cis and trans refer to the or1entat1on of the p-methoxypheny]
ring w1th respect t the N- -phenyl group. ,
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at-  a. | higher field than the cis isomer. Since both a-aryl groups are
v siﬁi]ar‘in size, one isomer should not be’favoféd'OVer the other on

: steric-grounds and thus only e]ectronic’e?fécts should be importaﬁt in

determining the relative populations of the two conformers. When one

B _éonsiders_the e]ectron—donéting ability of the p-methoxy group, one w6u1d

expect a sizeable dipole directed from the méthoxy group toward the |

| aromatic ring. Likewise there should exist a substantfa1 charge dipole

f directed fromvthe_nitrbne nitrogen toward the oxygen. Dipole-dipole |
interactions will be most favorable when these two dipo]eé aré pointed |

in the séme directibn. Thus, on the basié of dipoTar interéctions, isomer
XIIb wou]d be expected ta be the most stable and'hence.thé most-abundant
isoher, i.e;,‘th¢ 1ow field methyl resonahce. Therefore, on the-bésis‘of
stabilities as Wé11 as on the basis.of structural effects on NMR resonances
one would assign the high field fesonance ( 16.34) to the Eggg§_'isohéf 
(XIIIa) and the low field resonance ( f6;24) to the gi§_i$omer (XII_Ib).26

» Irradiation of this mixture of nitrone isbmers ih mEthylene éh]oride

yields a so]ution~of the corresponding 6xaziri&ines (XIV:); An NMR ‘

--spectrﬁm of the-irrédiated_so]ution in carbon tetrachloride (Fig. 10)
~(the methy1ene chloride being removéd’jg;ygggg) again shows two methoxy

- methyl resonances at r6;27 (57%) and 16.38 (43%) whose relative ratio

does not vary with time. This is the same ratio of hethy] resonances as

~ found in the startingunitrone (57%:43%). This again indicateé, as fouhd

in the 3-methy1-2,31dipheny]oxaziridine, that'inversibn aont the oXxa-

ziridihe nitrogen 1svs1ow.compared to thé NMR time scale. If, as hypo-

thesized for the irradiation of the a-methyl-a,-diphenylnitrone, the
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: photochemica] rearrangement of the nitrone to oxazirtdine_is stereospecific
we would expect the trans nitrone (XIIla) to give'trgns_oxazfridine (XIVa)
and cis nitrone (XIIIb)'to give Cisdoxaziridine (XIVb)s If inter-
conversion between the oxaz1r1d1ne 1somers is s1ow, “the predominant
oxaziridine isomer with a methyl resonance at 16.24 should be produced
stereospecifically from the predominant n1trene isomer (the gls_form

“XIIIb) .  Therefore the methyl respnances at %§.24 is tentatively assigned
to the“cts oxaziridine (XIVb) and the less populated high field reSonance

:"at 16.34 is ass1gned to the trans oxaziridine (XIVa). These assignments
are very tentat1ve and other model: systems should be 1nvest1gated to
confirm the proposed structures.

Because the oxaz1r1d1ne appears to represent an equ111br1um m1xture

of the two isomers, no usefu] kinetic data can be obtained. However{ a

physical phenomenon is observed which allows an estimation of iso-
hmerfzation'rates. Very crystalline 3-(p=methoxypheny1)-2,3—dipheny1-_v

oxaziridinev(mp‘103-106°) can be formed (see the experimental section)

by a110w1ng the o11y residue from the nitrone 1rrad1at1on to slowly

crysta111ze over several weeks from a methy]ene ch]or1de -petroieum ether

so]ut1on. -An NMR spectrum (F1g.11) taken of a dissolved samp]e of this

crysta1]1ne oxaziridine is very different from the NMR spectrum of

freshly prepared sample. Instead of two methyl resonancesof approx1mate1y _

equal intensities, the Tow figld methyl resonance (16.24) is over

* The sample took about the same 1enqth of time to prepare as the 3-
methyl1-2,3-diphenyloxaziridine (about 50 minutes). Since only.a slight
amount of isomerization occurred int the latter case, probably only
slight isomerization also took place in the system under investigation
dur1nq preparation.

%% This contrad1cts ‘the conc1us1on50bta1NEd by extrapo]at1ng the resu]ts

'0f Curtin, Grubbs and McCarthyZ26 on unsymmetrical triarylimines to the
oxaz1r1d1ne system. Further work must be done to clarify these resu]ts
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five times Targer’than the high field methy resdnance (-r6;34).* These'
results suggest tnat the oxazjridine crystallizes out as a single isomer!
Simi]an’resu]ts have been found 1n’crysta11izations of'unsyﬁmetricail
triary]imines.26 With time, the Tow field methyl resonance-decreases:

with a correspdnding increase in the high ffe]d methyl resonance. Upon
‘standing, the so]ution eventually reaches the same equilibrium (Fig. 12)
‘mixture of jsomers (57%-43%)**'as found in tne-fresh]y prepared ovairidine
so1utfon. _Because of the-se]ective isolation of one tsomer of the oxa- -

| ~ziridinei the rate of equilibration between the two- isomers can be |
measured. At room temperature (2°) the ha]ft1me for this 1somer1zat1on
is about T 3/4 hours. Thus 1t appears that in the tr1ary10xaz1r1d1ne |
lsystem, as well as in the 3-methy1 2,3- d1pheny.oxaz1r1d1ne system, 1nvers1on.
- of the oxaziridine n1trogen is very slow. H _ |
The rearrangement of the oxaziridines to amides which we‘have studied
“must be censidered in the Tight of this slow.inversion cate of the N-

phenyl gr0up In the 2 3-diary1 system, it appears that in the cases that

* To dissolve the oxaziridine crystals in carbon tetrachloride for NMR

- -analysis, the solution was heated to ca. 40° for several minutes. There-
- fore, significant isomerization undouE’bdly occurred before the f1rst
spectra was taken '

Rl crysta111ne sample of the oxaziridine (mp ca.95-105°) from rapid
. crystallization from methylene chloride-petroleum ether has an NMR ’
- spectrum showing an equilibrium mixture of the two oxaziridine isomers.



: €
i
L4 L] l . g I LS L] l L3 v I l I l L l . ] nl
T T T T . T ] T ™ —
500 400 ) 300 200 100 0 Mx

Figuré 12. MR spectrum of a solution of crystilline 3-(4-methoxy-

'pheny])e2,3-diphenyloxaziridine in CC14 after Standing for 24 hours

(S internad standara).

A AR

XBL 696-4286



220

by 1rrad1at1on of the correspond1ng trans nitrone. Since the trans-

2,3- d1aryloxaz1r1d1ne would be expected to be much more stable than the
cis form, it appears that all interpretations of data must be based on the
extstence of only the trans form in solution. This existenee of on1y one
jsomer in this large series of suhstituted'2,3-diary10xaziridines greatly
simp]ifies interpretation of data |

| In the triaryl system, the 1nterpretat¢ons are s]1ght1y more comp]ex
From the results of the 3- (4-methoxypheny1) 2,3~ d1pheny10xaz1r1d1ne, it

appears that the oxaziridine solution contains a mixture of cis and.trans

isomers. Since the thermal reaction ratee for mOst of the triaryloxa- - .
z1r1d1nes are very slow ( t]/é'ca 10 days);'éufficient time is aVai]ab]e

Afor comp]ete thermodynam1c equ111brat1on of the cis and trans isomers

to occur. (The t}/z.for Ci§~—> trans isomerization of the 3-methy1—

2,3~ d1pheny1oxaz1r1d1ne is about 2-3 hours at room temperature, while that

of the 3 (4-methoxyphenyl)- 2 3 d1pheny1oxaz1r1d1ne is about 1 3/4 hours).
In add1t1on, it appears that in the preparat1on (w1thout isolation) of the
'unsymmetr1ca1 tr1ary1oxaz1r1d1nes in so]ut1on, 1rrad1at1on of the corres-
pondingn nitrone produces a near-equ111br1um mixture of the oxaziridine
.isomers. Thus 1in the tr1ary1 system, data must be 1nterpreted in terms of
a mixture of two 1somers Only in the 2 (4-methoxypheny1)oxaz1r1d1ne
compounds where rearrangement occurs very fast can there be rearrangement
of a non- equ111br1um mixture of triaryloxaziridines.:
. This does not, however, mean that rearrangement must take p]aee tn a
‘ stat1c system where the N- ary] group is f1xed rigidly on one side of the
ring system. On the contrary, we might expect that, in the trans1t1on
.'state}for rearrangement, N-0 bond stretching occurs which, by re11eV1ng

ring strain, allows nitrogen inversion to occur at a much more rapid rate.
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The thermal stabilities of diaryl and triaryloxaziridines have

],‘the

_beenlinvestigated. As first fndicated'by Spiitﬁer ahd Calvin
stability of diary]oxaziridines'is Very>sensitive to.substituents on
the aromatfc rings and, with the appropriate choice of substituents, the _
’]ifefimes of the compounds in solution can be varied:from less than a
few secondé to indefinitely 1Qng. They appear to rearrange via a hetero—"
lytic nitrogen-oxygen bond‘c1eavagebwith simu]tanéous migrafion of a
group from the oxaiiridine‘carbon to the nitrogen to yié]d'amides_(é1though
'in rare cases, Tsémeric hitrones are also formed wifh én activétiqn'ehergy
of ébbﬁt 24 kcal/mole and'wfth a very low negative entropy changé}
There’appears to be a continuum in the mechanism of the'reakrangeQ
menfé of the.0xaziridines.- On one end are the high1y jonic, énchimeriCa]]y_
assisted rearkangements of the 3(¥4édimethy]amihopheny1)—2-pheny1oXa-
'eridine in_ethanol, and on the other end aré fhe'faifly'nonpqlérgre-g
arrangeménts of the tripheny]oxazifﬁdines. ‘The position of a particufar
'compouhd 1ngthis continuum is dependent on the ease of charge'de?e]opment
“in the compbund. This, in turn, is dependent both oh the substituents
present invthe ho]ecu]e and on the ioniifng pkopertiGS'of_the so]vent. 
Electron donating substituents and highly joniiingasblvents increase ﬁﬁe
'vamOUnt_of jonic character in the rearrangement whi]e‘eTectron withdraQing
substituents and nonpo1ar’media favor a slower, mofe_concerted-and 1éés
ionic rearrangement. | | |
Althouoh the existenCe:df the diaryloxaziridines in so]ution'had‘Eéen

firmly esteblished, their isclation had not been accomplished previcusly.
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This investigation found that wifh Sirong]y electron withdraWihg.groups
on the nitrogen phenyl group of 2-aryl-3-phenyloxaziridines, the nitrdéen-
OXygen’bond cleavage can be retarded sufficiently so that these oXazirif

“dines can be isolated as crystalline solids. This definitely establishes

that oxaziridines are the photoproduct from a,N-diary1nitrone irradiations.

The triary]oxazfridines from the irradiation of triary1h1trones Wefe
shown to be, in genera], very stable compounds which rearranged to
‘subst1tuted benzoy1d1pheny1am1nes 1n a manner similar to the 2, 3- d1ary1-
oxaziridines. They could be isolated and-character1zed as very_stab]e
crystalline solids. Thfs égain coﬁfirmé the fact that thé\triary]oxé-
ziridine is the primary product from the photolysis of tfiary1nitrdnes.

Lasfly, evidehce has been'presented to show that invers%oh ébdut'the
n1trogen in the 3-methyl-2,3- d1pheny1oxaz1r1d1ne is very slow,_AH m26

kcal/mole and AS N10 e.u. for the 1nvers1on’process. Comparison with

nitrogen inversion, in the analogous N-phenylaziridines, indicates that the

“oxaziridine ring has a destabilizing effect of about 12 kcd]/mo]e on the
rate of nitfoéen inversion.. In addition, the Z;B;diary1oxazikidines
appear to exist in a configﬁratioﬁ,where the aryl groups are"ﬁggggf to
each other. This §£§g§_orientafjon fs'attributed tova'sféreospéc1fi¢

formation from the’trans-a,N-diary1nitrohe.
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