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0;'..;:-.:a1 SYli:mctry Control in thei\itrone-Oxaziridinc Syste::,i. 

Nitronc Photostutionary States 

;\~c..::r~1y theorbita 1 symmetry rul es 1 have been ShOi'ln to ap:-iy:o 

sys-.:css such as nit~onc thermal cycloaddition rc~ctions2 ~nd t~e 

an': )::ut\.).:i1~mical aziridine ring c1eJvage at the C-C bond. 3 The concer~c:c 

~i~O'~G,,:yc:~Z2.tiohis disrotatory and the reverse thermal cleavage ~$ conr,,::2.::c.ry 

in ~;:~se ;:~oL::culcs \·/ith four 'IT electrons,l 

·".:n ·cv!1trast to the azo:nethi"ne ylide - azirid"ine system, t.he s:cre:;C:-t(;~.~strj 

of :::.: n".:rone photocyclization to oxazir~dine can only be obserVed on c'::f'::.::.r. 

ar:c r.~::roS2n atoms because the oxyg2n atom has lone pair e:ectrG(;s ~~st[;c.c of 

substitu-=:-:-:;s. , For the reverse thermal ring o~ening of oxaziridine 

nitrone. tiie t~<!o possible conrotatQry motions of C-O bond cleavage s::c;".:;c 

... ... "& h . ~th .~ o4~ ,...,._.,.-c:: L reSL.;;::·lr.a r:nxtureo. t e C1S and trans-isomers OT .. e nl .. ron .... lr. Cv ...... .;.~ ... 

to t~~ p~;::::osure which should be stereospecific, 

:;.:;y(. ~~.5 recently reported the formation of mixtures of C~5 ar.c 

t:c.;".s .:ixa.::~r:dines from the irradiation of '!:rans-nitrones. Hm'/ever, tr.er~ 

has :22n ~C~E evidence for the stereospecific formation of oxaziridir.e -.,.... ........... 
". u". 

ni:;-;::..::s.O ;'!e \-lish to report our resultsobtail1ed fre;:) the phot01.Ys~s 07 

" .. , .... "ooc 7 .. · 1· -J. 11·1'" dIVA" h d" - . seV2r~. n~:ro~es a~ -0 • lnc uu1~g . n an' . wnlC I were stu ~e~ ~y ~:yc) 

-
" :;) 

2: c.. a:.: ~~c~ temp~rature. and the ther~olysis of IS at -SoC. UnC:c:r :h2se 

co~~~:~6~~ :hermal isomerization of the oxaziridine and nitrone iso~2rs w~s 
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1, R' = (CH ' " ;:.." - CH-:. . ',:»,,;,,4\ 
oJ L "" 

II, R' = H, RU .= CH~ 
'" 

O. h 0 
-I- \) / \ 

RI·C I~ CW=~!RII ~ RIC j-' O!-fR" , G"~ /I ", ~ 6 '4 " ~ 

A B 
II I, R' = r'o R" = C;~ ., ,'i 2' 

oJ 

IV, R' = ~'O 1\ 2' R" = cr: 2Cr.3 

The 'nmrspcctra of thcsenitrcihcs at -60° indicated the presence or 

onlY one ni tronei somer, the trans cenfi guta-+:i on as di scusseC: by J\Cj<;:'lCi 

and Suzuki. S Irradiation of trans-IA and I.IA at -60° in CD~CJ 
"" 

yie1dc:dexclusivelytrans-oxaziridines: 9 as ebserved !)y nmr at 

Ho\·:ever, under the 'same conditiorisin CD30J, trans-IIIP, and IVA y~e1C:c:c 

. a mixture 'of 69%'cis: 31% trans oxaziridines, \'lhich \vas in COf;trast tc 
.. 

th.::preaomi nant 1y trans-oxazi ri di nes found by Boyd, et £1...::1 ::i t~ $~CC€S-

sive partial irradiations of trans-IVA at -60°, the preiencE: of cis-:V~ 
" . 

'.vas cCI:lonstrated 9Y nmr,lO and a photostatior:ary state of.37~; cis: 63\ 

tr::::1s-IVA I-las reached at approximately 15?~ co:wersion to oxaz1ri':::-.2:;. 

Th~ cis-IVA rapidly isome.rized therm.al1y to trans':'IVP. at roc:;; te:::;,~rc.:~;2. 

Tr.2 thermal stability of cis .. IIIA and IVA I-las fCiund to be CC;;cent;c.::c;: 

C2;J2r.dent. They were relatively stable \'/hen fom.ed by irra~~~i:ic:-; at 

'roo::1 temperature in alcoholic solvents in 10"4-12 (t
1
/ 2 r,,24 hours). -:;;E: 

UV ~pectrum of the pnotostationary r.lixture of IVA \I/o.s simiiar to t[;at 

ob-;::c:ir,ed by dilution of the concentrated solution irradiated in t:-:e n;;;r 

".:L.::;C to the photos tati onary s tate at -60 0
• 

."! ~ 

The uvspectru:-;l of c;s-:V.:.. .. 

.... :c.$ determi ned from the photoequil 'f bri U:Ii composit~.on and the i sos~.::s:: c 

pO~;-j~for ds -, trans therma lisoi.,eri zati on. 

The ratio of cis and i:rarls-rVAc.~ the photosta~io:lary $ta:e -:$ .... 2;·/ 

,:~:=~'2re:1t from the ratio of c:s a!':c. :rans-IV3 for:::2d at t;-:2 2:;': 0-: ::.:: 

;:'~-~',::ocjclization reaction. :=er this rl2ason the quar.tum Y12;::::: 07 ::-,2: 

~~c:oreactions for each iso2cr were d2termined at 23° (10-~ ~) 
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rc~ortcd .in Table I. From the quantum yields of for~aticn cf tr~~s and 

TJ~~~ I. Quantum Yields for Products at 230 a 

R2action SOlvent i-

t l' ~~ :~ S - I A ...- trans-IB isopropanol 0.25 ---
t~·J;'s.;.IVA -; IVSb methanol 0.C2 

tl'2;ns-IVA 00)- cis-IVAc II . 0.22 

c~s-IVA 00)- trans-IVA d "II 0.S7 

cis-IVA ...- ·Vnb 
.I. 0 . 

.. 0.11 

d l';avelength, 366 nm; concentration, 10-4 t':;ferrioxalate act~r:c:::et:".i'. 
b 
D~ter;';1;ned by decrease in optical density at 327 nm,.isosD€:si:ic ::;cir.: 

of the nitrone isomers. CCetermined by change in ratio of o~;::C2.; ':21i­

s~ty at 357 nm and 317 nm. dCalcu1ated from the photostatio;l2.ry st2.~e 

relation, ¢t_rcE:tXtco= ¢C...-ti;cXCc.o, vJhere Xt
CO 

and Xc
oo 

are the :r:c1 frc.ctic::s 

6f the isomers at photoeq~ilibrium. 

cis~IVA12 and of IVB formation from cis and trc.ns-IVA, the caict.:;a:2': --
ra-:ic of IV3 isomers formed after the pnotostationary state \':2.S rcc.c::ed, 

aSst.:nrir.g stereospecificity is 68% cis: 32,~~ trans. After th~ IV;'. ;J.":c:o-

stz-tionary statevJas reached or.-irradiation at -60°, the r.:::ic of I'!2 

iSCf;";2rS found by nmrwas 71% c~s: 29)~ trans. Therefore, tnese r2S;"~::S 

-:r.G~Cc.te stereospeci,ficity in the nitrone photocyclizcticn r2'::':1:~C~-:. 

For the reverse thermal c1cavage of oxaziriciir.e to nitro;':2, I3 ::-. 

cc:~c gave a 50:50 mixture of cis and trans-IA with a first or~2~ :a:2 

:G: . .:;t~nt, 6.8 x 10-4 sec~lat _8°, by r1r.:r spectroscopy.13 

or:..;:;'( rate cons tant for the c~ s -,. t;:'~r;s-IA under these cond::: ':;:.S 

OnlY in alcoholic solv~nts \'::::'5 
" , -," "") 
v"\"';; 

, .... -: .... ~ 
• _ 1000 ..... ...J. 
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t:;.;!thcn:1al cis -+ trans-IA isomerization slm'/er than the rate: of :.r:c: :B 

. . . . t' 14 
r~ ng.opcli1 ngrcac1 on. The photostationary state cbr,1~osit~on 07 If.. 

.\'1as confi rmcd to bel 00% trans-IA. 

The tl"ans-IO thcrma 1 c1 cavasc to ci!: and trar.s-IA is clc:arlj ~ n 

(lc.::ordancc wi th the predi cti Oi1S of the orbi tal s'yr.~-:'l(.:try ru; c!:. 
,.. . 
1:-.2 CD-

servcd stereospecificity in the nitrone .photocyclization is ccnsis-::c:n: 

\'1iththesymmctry of the nitronc a:-:tibonding molecular orbitc:1. h$ :r:e 

c.::.tbon-oxygcn fJ bond forms in disr'tatory motion. the nitrogen" ort-i'l:2.1 

rci1ybridizcsto alone pair sp3 hybridized orbital. in the:: cppc::;ite: 

direction, giving an oxazi.ridine v/ith the s?meconriguration cs the: 

initial nitrone. 

hv 
> 

JanetS .. Splitter. Tah-Nun ~u. Howard Dna and Xelvi~ Ca1v~~ 

Department of. Chemistry and L~boratory of Chemicai :;~otyr.~:;,~c£ 

.: 

. . 

University of California, Berkeley, Cal~fcrni~, S';72J Ii' 
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, ' , . 

' . 
~ 

, • I 
--

Y'.'<"_ TVA' J.I~cOH 3':>0 (c 14,800) -~ .. r.wx -.IV nm 

,....-)~ -IVA: r~eOH 325 (e: 13,750) '-.- J. . nm r.lax 
'.' -:"'o""n' r., ... l! ~:::J the uv of the IIrA photos~ationary state was S1r.ii1ar :0 :;:2..: Jr 

-II.' .... ' 
••• -.;' ",,(le photostationary statE: cC:::;Josition could not 

~~cc~se of the lessersolubil~:y of :rIA in CD
3

0D. 
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tl\;~:)tcd' state in the stilben2 direct photoisomerization. (G) D.GC:9~OU, 

K. A. ~:uszkat, and E. Fischer, h ft.r;-.er. Chern. Soc., 90, 3907 (1966); 
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~o cis~IA\."as detected in the partial irradiation of trans-IJ. .. 

At 23° in isopropanol (10- 4 lIJ) the ring cleavage rate was 3.4 x 

the cis + trans-IA thermal rate was 4.0 x 10-7 Sl:;C-
1. 
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