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Abstract  - Elect ion impac t  induced fragmentat ion of twenty-nine 3.6-dihydro-1.2-oxazines 

occurs via two competi t ive pathways. The f i r s t  is the  1orrn:ilion of a pyrrole system by loss 

af  wa te r  f rom the  molecular ion. The second pathway involves n re t ru  Diels-Alder react ion 

t o  generate  the butadienyl system as the  most s table  Irngmentat ion product. The spec t ra  

contain low intensity peaks corresponding t o  the  nitruso cumjmnent of the r e t r o  cycloaddition 

process. 

INTRODUCTION 

3.6-Dihydro-1.2-oxazines have been shown t o  be potentially extremely versat i le  synthet ic  i n t e r m e d i a t e s 1  

However, mass spec t ra  of compounds containing this systeni have not  been examined in detail.  

In order  to  identify major f ragmenta t ion  processes la the expected io i  ths  1.2-oxazine system, mass 

spec t ra  of several  N - u n s ~ b s t i t u t e d , ~  N-ary1b.l and N-pyridy13 substiLuLud 3.6-dihydro-1.2-oxazines 

have been examined. Electron impac t  ionization a t  711 e v  applied lu Lhr onacinc afforded pyrrale 

and butadienyl systoms as the  most  s table  fragmentat ion products. In view of t h e  results obtained 

i t  could be concluded tha t  the rmal  dehydration of tho uxazine In yi<:l,l pyrrole and the  retru Diels-Alder 

react ions were two main processes of f r a g m e n t a t i ~ n . ~  'rho priildp;ll modos of f ragmenta t ion  f o r  

the  pyriole systems and the  retra Diols-Aider products are presented. The mass spec t ra l  d a t a  f o r  

a l l  the  oxazines examined are repor ted  in Table 1. 

I .  R1. R3, R4 = H; R. R 2 =  Ph 

11. R3. R 4  = H: R1, I t2  = C H ~ ;  R = P h  

ID. R1, R 2  = H: R3 = CH3; R. R4 = Ph 

IV. R3, R4 = H: R1 = CH3: R ,  R 2  = Ph 

V. R1, R 2  = H: R3 = Et: R .  R4 = Ph 

VI. P.3, R4 = H:  R 2  = CO2C1i3: H ,  R1 = Ph 

VIl. R Z  = H:  It1. R3. R4 = CH3: R = Ph 

VIII. R 3  = H: Iil = CII3: R2. R 4  = Et: R = Ph 

1X. ~ 1 ,  R Z  = H: R3  = CH3: R4 =g-C6HqOCH3; H = P h  

X. ~ 1 ,  ~2 = H: R3 = Et: R4 =g-CgH40C113; R = Ph 

XI. R1. It2 = H: R3  = CH3: R4 = y C s H 4 0 C H 3 :  R =p-C6114CH3 

XII. R1, p.2 = H: R3 = Et: R4 = y C 6 H 4 O C H 3 ;  R = E - C ~ I I ~ C I I ~  

XIU. R l ,  ~2 = H; R3  = CH3: R4 = Ph: R = p - C ~ H q C l 1 2 C H 3  

XIV. ~ 1 ,  RZ = H: R3 = Et: R4 = ~ h :  R = p - C 6 ~ q C O Z C H 3  

XV. R1, RZ = H: R3  = CH3; R4 = yC6H40CE13:  H = Q - C G I I ~ C I ) ~ I : ~ I ~  

XVI. R1, R2 = H: R3 = Et: R4 =g-C6H40CH3:  Ii =~-Cii l l , l l : I121:II : l  

XVII. R. R1, R4 = H: R 2  = CH 3: R3  = P h  

XVIII. R,  R2. R3  = H: R1 = CH3: R 4  = Ph 

XIX. R. P.3 = H; R1, R2.  Ft4 = CH3 

XX. R,  R3  = H: R1 = CH3: R2.  R4 = Et  

XXI. R,  R1. R 2  = H ;  R3  = Et:  R4 = P h  

XXII. R .  ~ 1 .  R2 = H: R3  = CH3: R4 =p-C8HqOCH3 

XXIII. R. R1. R 2  = H: R3  = Et:  R4 = 2 - C 6 H 4 0 C H 3  



DISCUSSION 

The pyrmle system. The 3,6-dihydro-1,Z-oxazines 131 call be prcpnrerl by llieis-Alder react ion of 

conjugated dienes (11 with the  1-chloio-1-nilrosocyc10hexanee2 l i i t r u s o i r o m a t i c ~  or ~ii trusohetcraarontalic~ 

compounds (21 (Scheme 11. 

The nitrogen-oxygen bond in the oxazine ring c a n  be clcaved i;homicnIly using zinc and ace t i c  acid.5 

Or photochemically by i rradiat ion with ul t raviolet  l i g i ~ t . ~ , ~  'Iltc 1n1li;il product nf the roductivc 

cleavage, an unsaturated aminoalcohol 13, under suitable conditlorts mny tunricrgo dehydration and 

subsequent cycl izat ion t o  fo rm pyrroline (51. The photrllysis of dlllyclro-1.2-onazincs results in homolytic 

cleavage of the  N - 0  bond [!I and the  formation of a n  y -a rn i~~u-a .C- l~ r~sa tu ra ted  carbonyl compound 

(11 which cyc l i i e s  t o  hydroxypyrroline 181. The l a t t e r  consequanllp llnclcrgues dehydration to pyrrole 

(3. Thus, in both chemical or photochemical t ransformations.  ~lr:l~yilr:~liun is s n  essential s t e p  

leading t o  formation of the pyrrolc system. 

A similar phenomenon is observed during electron impact  ionlrilllrlil. ' 1 ' 1 ~  fornlat ion of the molecular 

ion is presumably followed by the cleavage of the  N - 0  bond in lllc i>r;iiinr: ringi' and the subsequenl 

cyclization of the  initially fa rmed  aminoalcohol radical-cotirw lo a 1,prrrlle ISr:heme 21. The mass 

spec t ra  of a l l  1,Z-oxazincs examined arc character ize0 by peaks wlli<:li ror iespund t o  ions forrnud 

by successive loss of wa te r  f rom the  molecular ion. I'aaks corrcspollriing to  dohydratian products 

are prominent  in  a l l  the  s p e c t r a  and in  some cases arc pmsent  as thr hnsr pcaks ]XI. XV. XVI). 

The rat ios  of these ions f M t '  - 1 l ~ O l  to  molecular iu j s  i M " l  ;# lc  sIin\,n i l l  ' l ' ; ~ l ~ l c  2.  
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Further  degradat ion processes resul t  in  f ragmenta t ion  of tile pyrrulc systeol. The most  abundant 

ions observed as high intensity peaks are the  cycloproportyl cn lwn ;iwi Ihe radical-cation (g). the 

l a t t e r  resulting from loss of a c e t y l e n ~ . ~ ~ ~ ~  

The most  character is t ic  f ragmenta t ion  modc of the  pyrrole nucleus contaming L-methyl  or C-ethyl 

subst i tnents  involves IOSS e i the r  of a hydrogen radical  f rom the mctilyi group or methy l  radical  

f rom the  ethyl  subst i tuent  t o  afford an azafuivene ion or  ils rr:;trrnrrjicrncnt p r o d ~ c l . ~ - ' ~  

The spec t ra  a f  N-arylpyrioles with only one C-methyl substituent i :unlai lr  peaks which correspond 

to  an azafulvene cat ion formed by loss of a hydrogen radical  i r u m  titc methyl group. These initially 

fa rmed  cat ions may undergo ring expansion to  more s table  j~yrir i l~i imi iuns (9) 1111-34%. IV -32%.  

IX-23%. XU-34%. XXIV-12%. XXV-41%. XXVI-35%. XX\~II-3O%. XSIX-353;  Scheme 3a). The 

l a t t e r  rearrangement  is  analogous t o  the  fo rmat ion  of the  tropylionl icntiun observed in  the mass 

spectrum of t o ~ u e n e ~ ~ - ~ ~ .  

N-Unsubslituted pyrrole ~ y s t e m s  with one C-methyl group also piutiuce ncnfulvene-type cations 

(12a) - which may rearrange t o  p y r i d i n i ~ m  cations (12111 ( X V I l - l l l l l : , :  Y VI I I I i 5 : . :  Sr:hr:mo 3bl. 



The B-cleavage of a C-ethyl group in the  2- or  3-position of the pyriulc ilioicty yields an aznfuivenc 

cat ion 1-1 which may subsequently undergo ring expansion to l,rc!vitlv llrr pyridinium ion (-1 

(V-42%. X-96%. XII-1008. XIV-78%. XV1-86k XXXl94 P .  XXLII-IIIIi':,. XXVIII-12%; Scliemo 4) .  

I t  appears tha t  t h e  loss of a methyl  radical  from a C-ethyl group is energt:ticnlly more I:~voreble 

than the loss of a hydrogen radical  f rom a C-methyl group. 

Pyrroles containing two [II) or three (VII. XIXI C-methyl groups g c ~ ~ c x a l l y  pruduce very s table  f ragments ,  

The B-cleavage resulting in the  loss of a hydrogsn rndlcal mi ty  111;1;1lr iit ;my inctilyl mbst i tnent .  

In such a case rearrangement  of tho initially formcd ion of mi : t z n l ~ ~ l ~ i c ~ w t y p c  [ m i  t o  fo rm the 

pyridinium ion (MI. appears t o  be very favorable lIi.VIJI--I U U  % ,  SIX-87 O,, ' Schcmc 51. 
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The loss of nuclear  methyl  or e thy l  groups as radicals  from the  monoilkylpyrrules would resul t  

in t h e  formation of energet ical ly  unstable species [Table 31. The corresponding loss of the methyl 

radical  f rom d i  or  trimethylpyrroles is, however, more appreciable Ill-20%. VlI-26% I. This could 

be due t o  rearrangement  involving the  participation a l  a ncigltboiing methyl  group13 in the formation 

of a f ragment  ion which may exis t  as an  azafulveno cat ion (z. m) u r  as the pyridinium cat ion 

(l5J. m; Schemes 5 and G I .  This type of ~ e a r r m g e m ~ n t  was p r o v ~ o s i y  reporled fo r  pyrroles. 

indales, and thiophenes, a i l  of which contained vicinal methyl  The f ragmenta t ion  involving 

loss of a nuclear  methyl  group as a radical may compete  with tlie loss o l  a hydrogen radical  f rom 

a methy l  group. In the  l a t t e r  case the  eject ion of a hydrogen rnr1it:;ii irulll ;my methyl  group present 

t o  furnish azafulvene cat ion [ E l  which may also produce the pyridinium cat ion by ring expansion 

[Scheme 6) seems,  however, t q  be more favorable. 

In the  case of pyrrales containing both methyl  and e thy l  subst i tuents  IVLII. XXI. the  0-cleavage 

a t  the  ethyl  group resulting in  the  loss of a methyl  radical  and tho f n r n ~ a l i u n  of an  ion (181, appears 

energetically more preferred to  the  corresponding B-cleavage a1 the nielhyl group which affords 

a f ragment  ion (19) of qui te  low intensity. 



IVUII m l z  213 1 3 2 % )  and 

(fi1 

rnlz Z I Z  ( 7 % )  

Sc1a:me 7 

The mass spectra o f  3-methyl-2-lp-methoxyphenyilpyr~~lcs m n t n i n  pcaks uf qui te  appreciable intensity 

which may be at t r ibuted to  f ragments  fo rmed  by luse ~ i l  n i ~ ~ r : l l ~ y l  i:18lir:ll 1rm11 i ln  original m:lhoxy 

group (1X-53%. XI-GO*. XV-33%. XXlI-1008. XXIX-31I:l. 'Silo prr~tlur:L-,:ation I a l  might be slabilized 

by hydride transfer from an adjacent  methyl  group t o  produce a n  n i : l l u i u u ~ i e  ca t ion  which 

may consequently rearrange to  the  corresponding pyridinium c a t i o n  1%; Scitcrric 81. Similar rearrangement  

has been observed f o r  isomeric  methyl  anisoies.l3 
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The methyl 1,2-diphenylpyrrole-3-carboxyl~te derived from (VL) wlricrgoes fragmentation resulting 

in the loss of the metlioxy group as a radical and tire formntion o f  $1 slnl,lc n c y l i n m  cation (2; Scheme 9).13 



R e t r o  Diels-Alder ~ r a i m e n t a t i o n s .  The primary ianizal ion <,I ihc :i.il-diI~yrlro-1.Z-~xazii1~ molecule 

Which is assumed t o  take place a t  the  double bond, and whii:h is fnllou~c:d by nllylic cleavage, may 

lead t o  f o u r  passiblo molecular ions iA.B.C,Il; S,:~U:IIK: 1111.  silt^,: pro,Iua.~ A LCI I IOSCI ILS  a s e c ~ n d a ~ y  

carbocat ion while product C is a primary carbucation, the formation ot the f o r m e r  will correspond 

to  the  energet ical ly  more favored allylic cleavage path. loading l o  species A and ~ . ~ 3 , 1 5 . ~ 6  The 

next s t e p  in  the  fragmentat ion process is a retro Uiels-Alder dccunlpmition which resul ts  in the  

radicalkcation 1221 af a butadienyl system. Molecular ions bearing rnclhvl or  othyl  substituonts 

may produce exceptionally s table  cat ions 1231 by loss of m e t h ~ l  or  c thyl  groups as radicals. Such 

cations correspond in  many cases t o  the  base peaks iill. V. X. XII. X111. XIV. XVIII. XIX, XXI; Scheme 

I l a ) .  

S c h e m e  10 

Schcrm! I l b  
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The second component  of the  r e t r o  Diels-Aldci f rugmcnlat ion.  tlw n i t ~ r ~ s r l  compound which is observed 

in the  mass spec t ra  in negligible amount  12-4901, ir presumably iluc: t r i  Llla iuriimr f ragmenta t ion  

process of species B, which results in  the radical-caliou I@l ;and ;I !v,:ulr;il d i e m  f ragment  iC111112]. 

The f o r m e r  undergoes sequential decamposition to smnller friigmenln. A s  was suggested p r e ~ i ~ ~ ~ l y . 1 3 . 1 7  

nitrosobenzene may decompose by loss of ni t r ic  oxidr Lr,  nflurd l i ~ :  lpl8rnyl cnliun which subsequently 

e jec t s  an acetylene molecule t o  produce an ion of mass 51  i S c h e n ~ e  i l l ~ l .  In tile case of N-unsubstituted 

oxazines the  r e t r o  Dieis-Alder process affords only liie butadienyi syslenl. The nitroso campound 

is presumably lost  as a ni t r ic  oxide (XVII. XVllI. XIX, XX, XXI. XXII. XXIIII. The principal decomposition 

mode f o r  p-nitrosotoluene might be analogous to  t h a t  of nitrasoircniene. Tho el iminat ion of ni t r ic  

oxide would resul t  in the  tolyl cat ion (25). This cat ion which is ubscived in quite appreciable amounts  

iX1-18%. XII-1481, may undergo fu r the r  decamposition by e n p u l s i ~ ~ n  01 an acetylene molecule to  

yield a f r a g m e n t  of mass 65 (Scheme 121. 

Methyl e-nitrosobenzoate is assumed also t o  decorrl]msc by lirss c i i  i l l 1  ric. i l x i t l i :  L < I  ] ~ ~ O I I U C B  thc Elthe1 

unstable ca t ion  1 2 3  which is observed in the mass spcc t ra  as n 1"s inlcnsily peak 1x11-8%. XLV-5%. 

XV-6 % ,  XV1-8 % 1. Further  decomposition of this cat ion is d u r  t o  e lminn t ion  of an  acetylene molecule 

as well as the  methylcarboxylate group. The l a t t e r  is lust as  r:;lrl~rr#l liillrlllxidc and a msllsoxy radical  

(Scheme 131.12 

S c h e m e  13  

Nitroso compounds which might arise from the  ro t ro  Dicls-Alill:r 1irrw:r:ss for  N-pyrldyl subst i tuted 

oxazines can be de tec ted  in the  corresponding rnass spectra as "cry lo-, i ~ ~ t e n r i t y  peaks, usually 

of less than 1% relat ive t o  the  base peaks. The nltrosu c:ompwnd presumably decomposes t o  ni t r ic  

oxide and apyr id ine  f ragment  ion (3. The l a t t e r  appears  in tho m;rss spcl:tra as a peak a t  m l z  78 

far an oxazine bearing anunsubs t i tu ted  pyridine moiely, or s l  11117 !I2 when a C-methyl subst i tuted 

pyridine group is  present. Further  degiadat iun of l l ~ c  pyridiw 11111:11:11s LS r :~(: i l i ta t rd by thc e lec t ron  

a t t r ac t ing  propert ies  of the  nitrogen atom. The most  energetil;iillv i;~vuretiie mode of fragmentat ion 

of the  pyridine nucleus is assumed t o  involve bond scissiun foi1uwr:ii by loss of hydrogen cyanide 



in  a ane-step process. For an unsubstituted pyridinp system this is ollscrved as the t ransformation 

m i z  78-51. In the  case of a 2-methyl- or 4-nmthylpyridina moiety, the  elimination of hydrogen 

cyanide leads t o  the  formation of a i r agment  which is observr:d a t  r n l z  ti5 [Sclienics 14a and 14b1 .18 .1~  

& I ~ ' : z A  - N O '  C h i J  x i  I 

C H 3 
P h 

P h 

In conclusion, the  electron impact  induced fragmcntoliurt uf  3.1;-tl~l~y~1r11- I ,Z-oxii2ine$ ~ I O C B B ~ S  

by two  principal pathways, namely, dehydration and r e t r a  Diels-Aldar cycluadriitiun t o  give pyriole 

and butadienyl cations, respectively. These initial frngnlcnts suliir:~~ur!nlly iundergo fu r the r  docomposition 

by processes which are charac te r i s t i c  of these systems. All alkyl sullitituted jlyrroles consequently 

yield pyiidinium cations. The p re fe r red  mode of f ragmenta l ion  depends,on the kind and the number 

of alkyl groups present  in the  pyrrole unit.  The s e w n d a r y  ailylir: ~ r m s  or ;I lhutndienyi system subsequently 

degrade t o  the  most stable  form by loss of alkyl groups. 

EXPERIMENTAL 

The 3.6-dihydro-l.2-oxazines used i o r  the  generation of tllesc "lass s11c:r;lri were prepared eitllor 

a t  the  University of Science and Technology, Kumasi. ~ l ~ a n a . ~  o r  i i l  Gculr;il Michigan Univarsity. 

Mount Pleasant. Michigan, U S A . ~  Mass spec t ra  wcro recorded using ;i l lcwlet t -Packard model 

5 9 8 5 A  gas chromatographimass spec t romete r  with prop,rarrlrr~r:rl r l ~ ~ l i w ~  l!lllo-21I1l01 through a I U  m 

x 0.32 mm id fused  silica capillary column coalud with polylilrrr~clllyliil~~xi~~~u) into the spectrorrletor 

inlet  or by using a rapid ballastic elut ion f rom a direct  inser tmn prulle. In al l  instances, an  ionizing 

potent ial  of 7 0  e lec t ron  volts was utilized. 
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Table 1. Principal peaks in the mass spectra o i  3,6-~ii!~yilru-l,2-~xi1zi~i~~. 

I. 

11. 

111. 

IV. 

V. 

VI. 

V11. 

VIII. 

1X. 

X. 

XI. 

XII. 

X111. 

XIV. 

XV. 

XVI. 

XVII. 



XVUI. 

XIX. 

XXa. 

XXb. 

XXI. 

XXII. 

XXIII. 

XXIV. 

xxv. 

XXVI. 

XXVII. 

XXVIIl. 

XXIX. 



EEOI 

- 

'XIXX 
'IIIAXX 
'IIAXX 
'IAXX 
'AXX 
'AIXX 
'nrxx 
'IIXX 
'IXX 

' XX 
'XIX 
'IlIAX 
'IIAX 
'IAX 
'AX 
'AIX 
'IIIX 
.IIX 
'IX 
' X 
'XI 

'IliA 
' 11.4 
'A 
' A1 
' I11 
'11 

89'0 
EE'O 
ZE'O 
R C  ' n .. .. 
Zb'0 
ZS'0 
OO'ES 
00'SG 
OS'EI 
8E'E 
ZE'Z 
OS'ZZ 
I L ' C  

'XIXX 
'IIIAXX 
IlAXX 
'LAXX 
'AXX 
'hlXX 
'IIIXX 
'IIXX 
'IXX 
'XX 
XIX 
'IllAX 
'IIAX 
'IAX 

€9'2 
E6'0 
L8'0 
81'1 
65.1 
GZ'I 
6b.I 
GZ'Z 
EB'I 
Zb'O 
Eb'O 
Lb'O 
62'1 
EO'C 
GS'0 

'AX 
.AIX 
'IIIX 
'IIX 
'IX 
' X 
'XI 
'IIIA 
'IIA 
' IA 
'A 
' A1 
'111 
'I1 
I 
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