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Abstracts - The reaction of singlet oxygen with several 0 .6  -unsaturated 

aldimines (N-1-(2-alky1idene)-t-butylamines, h-fl gave the novel unsaturated 

hemiperacetal derivatives (3-amino-4-methylene-1,2-dioxolanes, &-) of the 

hydroperaxy aldiminea (2). 8.0-Unsaturated aldimine (hJ which was held in 

the s-trans conformation failed to react vith singlet oxygen. The 

mechanistic implications are also discussed. 

The reaction of singlet oxygen (lo2) vith alkenes has been extensively studied because of its 

synthetic utility2 and mechanistic intere~t.~ Despite this intense investigation, there are feu 

examples of the oxidation of alkenes which are substituted with electron-withdrawing groups.4 

Since lo2 has been shown to be weakly electrophili~.~ the fact that electron-deficient olefins are 

""reactive toward '02 is not surprising. Photooxygenation of cB-unsaturated  ketone^,^^-^ 

estersdd and carboxylic acidsbe has been reported to afford the corresponding allylic 

hydroperoxides. In all cases, the regioselectivity of lo2 reactions has been these 

reactions show preferential abstraction of allylic hydrogens geminal to the carbonyl group (Scheme 

I). As a part of our continuing synthetic end mechanistic interest in reaction of imine 

compounds;' w e  have investigated the reaction of with a,$-unsaturated aldimines (N-142- 

alky1idene)-t-butylamines). The compounds which prefer the s-cis conformation are rapidly 

oxidized by lo2 to give the hemiperacetal derivatives (3-amino-b-methylene-1,2-dioxo1anes) of the 

corresponding hydraperoxy aldimines, whereas the other compound which has the s-trans conformation 

does not react at all. 

Scheme l 
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RESULTS AND DISCUSSION 

I n  a t y p i c a l  e x p e r i m e n t ,  photooxygenat ion of  N-1- (2 -methy l -2 -butmyl idem-t -buty lami  @ a t  

-40'C i n  t e t r a h y d r o f u r a n  w i t h  t e t r a p h e n y l p o r p h i n e  (TPP) a s  s e n s i t i z e r  g a v e  3-(N-t-buty1arnino)-4-  

methylene-5-methyl-l,2-dioxol~ne i n  a y i e l d  of  71% (Scheme 11). Dioxolane 3 was i s o l a t e d  

by p r e p a r a t i v e  g a s  c h r o m a t o g r a p h y  a n d  i t s  s t r u c t u r e  w a s  r e a d i l y  a s s i g n e d  on t h e  b a s i s  o f  

s p e c t r o s c o p i c  d a t a .  Dimethyl  s u l f i d e  added t o  t h e  r e a c t i o n  m i x t u r e  a f t e r  photooxygenat ion was n o t  

o x i d i z e d  t o  t h e  s u l f o x i d e  a t  a l l .  Conduct ing t h e  r e a c t i o n  of  w i t h  l i t h i u m  aluminum h y d r i d e  

l e d  t o  a c o m p l e x  m i x t u r e  of p r o d u c t s .  & r e a d i l y  l i b e r a t e d  i o d i n e  f r o m  an  a q u e o u s  a l c o h o l  

s o l u t i o n  o f  p o t a s s i u m  i o d i d e ,  a n d  was u n s t a b l e  i n  h a l o g e n a t e d  s o l v e n t s  s u c h  as c h l o r o t o r m  a n d  

methy lene  c h l o r i d e .  Very s i m i l a r  r e s u l t s  were o b t a i n e d  w i t h  o ,B-unsa tu ra ted  a l d i m i n e s ,  B a n d  

l c ,  under  t h e  same c o n d i t i o n s  as shown i n  Table. Compound 2 might  be formed by c y c l i z a t i o n  of - 
t h e  h y d r o p e r o x y  a l d i m i n e s  3. T h a t  t h e  c y c l i z a t i o n  i s  s p o n t a n e o u s  a n d  d o e s  n o t  occur d u r i n g  

s e p a r a t i o n ,  h a s  been demons t ra ted  by s p e c t r o s c o p i c  e x a m i n a t i o n  of t h e  crude reaction mixture a f t e r  

p h o t o a x y g e n a t i o n .  The p h o t o l y s i s  i n  t h e  a b s e n c e  o f  s e n s i t i z e r  d o e s  n o t  g i v e  a n y  p r o d u c t .  

Moreover, t h e  photoaxygenat ion is i n h i b i t e d  by a d d i t i o n  o f  1 ,4 -d ia rab icyc lo  [Z.Z.Z.]octane, a lo2 

quencher.' These r e s u l t s  c l e a r l y  d e m o n s t r a t e  t h a t  '02 i s  t h e  a c t i v e  oxygen s p e c i e s  r e s p o n s i b l e  

f o r  t h e  photooxygenat ion.  

Scheme I I  

To d e l i n e a t e  t h e  l i m i t a t i o n  a n d  scope o f  t h e  p h o t o a x y g e n a t i o n  o f  o , & u n s a t u r a t e d  a l d i m i n e s ,  a 

s e r i e s  o f  a l d i m i n e s  (g-9) were a l s o  s u b m i t t e d  t o  r e a c t i o n  w i t h  lo2 ( T a b l e ) .  As shown,  t h e  

e l e c t r o n i c  a n d l b r  c o n f o r m a t i o n a l  e f f e c t s  may be i m p o r t a n t  i n  a c c o u n t i n g  for t h e  d i f f e r e n c e s  i n  

r e a c t i v i t y  o f  a l d i m i n e s .  T h e B y a l u e s  as a measure o f  r e a c t i v i t y  of  t h e  a l d i m i n e s  toward  are 

a l s o  shown i n  t h e   able.' I n  t h e  o x i d a t i o n  o f  a, & u n s a t u r a t e d   ketone^,'^,^ i t  h a s  been r e p o r t e d  

t h a t  t h e r e  i s  no c o r r e l a t i o n  between i o n i z a t i o n  p o t e n t i a l  o f  t h e  k e t o n e s  and r e a c t i v i t y  toward  

lo2, and t h a t  e l e c t r o n i c  e f f e c t s  are n o t  The one-e lec t ron  o x i d a t i o n  p o t e n t i a l s  (Ep 

vs. SCE) o f  t h e  a l d i m i n e s  (h-& are o v e r  +2.2V i n  0.1M n-Bu4NC104/CH3CN s o l u t i o n .  S i n c e  i t  is  

w e l l  known t h a t  a good l i n e a r  r e l a t i o n s h i p  e x i s t s  b e t w e e n  f r e q u e n c i e s  f o r  c h a r g e - t r a n s f e r  

a b s o r p t i o n s  i n  c o m p l e x e s  o f  t e t r a c y a n o e t h y l e n e  (TCNE) w i t h  e l e c t r o n - d o n o r s  a n d  i o n i z a t i o n  

P o t e n t i a l s  o f  t h e   donor^,^ we measured t h e  c h a r g e - t r a n s f e r  f r e q u e n c i e s  i n  complexes of TCNE w i t h  
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Table.  React ion o f  S i n g l e t  Oxygen w i t h  a.0-Unsaturated Aldimines 

Reactant vmax(crn-') of CT complex 
w i t h  TCNE Products and y ie lds(%) '  

N.R. b 

N.R. b 

N.R. b 

N.R. b 

a )  Y ie lds  were determined by gas chromatography. 

b )  Reactant was recuvered unchanged a f t e r  prolonged photooxygenation. 



t h e  a l d i m i n e s ( T a b 1 e ) a n d  found t h a t  i n  t h e  o x i d a t i o n  of a,B-unsaturated a l d i r n i n e s ,  t h e r e  is no  

c o r r e l a t i o n  between i on i za t i on  p o t e n t i a l  and r e a c t i v i t y  toward lo2, and t h a t  e l e c t r o n i c  e f f e c t s  do 

not  i n f l uence  r eac t i v i t y .  

The e x p l a n a t i o n  f a r  t h e  d a t a  p r e s e n t e d  i n  t h e  t a b l e  a c c o u n t s  f o r  t h e  l a r g e  d i f f e r e n c e s  i n  t h e  

va lues  f o r  s-cis- and s-trans-a,%-unsaturated a ld imines  and t h e  preference  f o r  t he  format ion  of 

t he  oxida t ion  products. T r i a l k y l  s u b s t i t u t e d  a ld imine  le, which is s t r u c t u r a l l y  confined t o  t h e  

s - t r a n s  c o n f o r m a t i o n ,  f a i l e d  t o  r e a c t  w i t h  lo2. T h i s  means t h a t  t h e  o x i d a t i o n  a r i s e s  from 

r eac t i on  of t h e  s - c i s  conformer of t h e  a ld imines  wi th  102?C An a l t e r n a t i v e  explana t ion  which 

involves  p r e f e r e n t i a l  phys ica l  quenching of by s - t rans  a l d imines  appears un l i ke ly  s i n c e  t h e  

a d d i t i o n  of & ( f i n a l  c o n c e n t r a t i o n  o f  2.2 x lo-' M) t o  a s o l u t i o n  of 2 (7.2 x lo-' M) or  i n  

t h e  t e t r a h y d r o f u r a n  d i d  n o t  a f f e c t  t h e  r a t e  o f  o x i d a t i o n .  6-Membered a l d i m i n e  was 

c h a r a c t e r i s t i c a l l y  " " r e a c t i v e  t oward  lo2. The s i z a b l e  d i f f e r e n c e  i n  r e a c t i v i t y  t oward  lo2 

between t h e  5- and 6-membered rings of a l d i m i n e s  (&and ld, kre l= l  f o r  & a n d  0.01 f o r  g) is  

presumably  due  t o t h e  a -carbon-hydrogen bond hav ing  b e t t e r  s igma-Pe o v e r l a p  w i t h  t h e  c a t i o n i c  

c e n t e r  and  g r e a t e r  a c c e s s i b i l i t y  t o  t h e  p e r o x i d e  g r o u p ,  s i m i l a r  t o  t h e  case  o f  1- 

methylcycloalkenes (krel=l f o r  1-methylcyclopentene and 0.1 f o r  1-methylcyclohexene) repor ted  by 

J e f f o r d  e t  d.1° if and h, presumably  having  s - c i s  c o n f o r m a t i o n ,  we re  n o t  pho too rygena t ed ,  

which i n d i c a t e s  t h a t  monoalkyl s u b s t i t u t e d  a,B-unsaturated a ld imines  may be i n e r t  toward lo2, as 

is t r u e  of 1 , l -d isubs t i tu ted  a l k e n e ~ . ~ ~  

Based on t h e s e  observa t ions ,  t h e  fo l lowing mechanism is proposed i n  which lo2 might r e a c t  wi th  a ,  

@-unsaturated a ld imines  t o  g ive  an exc ip lex  i n t e r m e d i a t e l ,  s i m i l a r  t o  t h e  case of phenyl- 

Scheme I l l  
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subs t i t u t ed  a lkenes , l l  followed by formation of a z v i t t e r i o n i c  in termedia te  5, fo r c ing  gmiina l  

hydrogen abs t r ac t i on  (Scheme 111). An a l t e r n a t i v e  i n t e rmed ia t e  such as  a t r i oxene  in termedia te  

( a 4 c  may be c o n c e i v a b l e .  Fo rma t ion  of  t r i o x e n e l ,  f o l l o w e d  by r u p t u r e  of t h e  N-0 bond, might  

lead  t o  in termedia te  8, forc ing  geminal hydrogen abs t rac t ion .  This reac t ion  path is s i m i l a r  t o  

t h a t  proposed by Ensley  e t  el. i n  t h e  o x i d a t i o n  of m.6-unsaturated ke tones .4c  Based on t h e  

comparison of bond energy of  N-O and S O  bond (53 and 34 k c a l / m l ,  respectively),12 however, t h i s  

pathway may be unlikely.  I n  conclusion,  t h e  present r e s u l t s  show t h e  f i r s t  me-type reac t ion  of 

'02 wi th  o ,Eunsa tu ra t ed  a ld imines  t o  a f fo rd  a new type  of diaxolanes,  o-amino subs t i t u t ed  ones.13 

EXPERIMENTAL 

Ir  spec t r a  ve re  recorded w i th  a Hi tachi  26-50 i n f r a r ed  spectrophotameter,  '~-nmr s p e c t r a  recorded 

w i t h  a JEOL JNM-PMX60SI s p e c t r o m e t e r ,  13C-nmr r eco rded  w i t h  a JEOL JNM-FX100 s p e c t r o m e t e r  

( so lvent ,  deuteriochloroform and deuteriobenzene; t e t r ame thy l s i l ane  as an i n t e r n a l  standard),  and 

uv s p e c t r a  w i t h  a Shimadzu UV365 spec t ropho tome te r .  Mass s p e c t r a l  d a t a  vere o b t a i n e d  on a 

Hi tachi  RMU-6M mass spectrometer and exact  mass da t a  on a JEOL LMS-DM0 mass spectrometer.  Gas 

chromatography was done on an Ohkura'802 gas  chromatograph equipped wi th  a tcd de t ec to r ,  8 mm x 1 

m g l a s s  column, and 3% OV-l an Un ipo r t  HP. The l i g h t  source was two 500-W tungs ten-halogen 

lamps. I r r a d i a t i o n s  were ca r r i ed  out  i n  Pyrex tubes  a t  -40°cwhile oxygen was passed through. 

T e t r a h y d r o f u r a n  was d i s t i l l e d  t w i c e  i n  t h e  p r e s e n c e  of l i t h i u m  aluminum h y d r i d e  be fo re  use. 

Dichloromethane was washed wi th  water.dried o v e r  c a l c i u m  c h l o r i d e  and t h e n  d i s t i l l e d .  Meso- 

tetraphenylporphine (TPP, STREM CHEMICALS) was used as received. 1,4-Diazabicyclo [2.2.21octane 

was used a E t e r  p u r i f i c a t i o n  by s u b l i m a t i o n .  TCNE was r e c r y s t a l l i z e d  from ch lo robenzene  and 

sublimed a t  1ZS°C/4mmWg. Aldiminee 1, except k, were prepared from the  corresponding aldehyde 

and t -bu ty l amine  a c c o r d i n g  t o  t h e  p rocedu re  r e p o r t e d  p rev ious ly .14  was p repa red  by t h e  

r e a c t i o n  of  d ihyd ro j a smone  w i t h  h e p t a m e t h y l d i s i l a z a n e  i n  t h e  p r e sence  of zn-cd.15 &: bp 74 

W23mmHg; ir(NaC1) 1640 cm-l; 1 ~ - n m r ( ~ ~ ~ 1 3 )  6 7.79(s,lH), 5.72-5.92(m,lH), 2.10-2.40(m,2H), 

1.83(brs,3H), 1.2O(s,9H), 1.04(t,J=4.9Hz,3H): 1 3 ~ - n m r ( ~ ~ ~ 1 3 )  6 159.7(d), 142.28(d), 136.14(9), 

56.40(s), 29.89(q), 29.72(q), 21.76(t), 13.63(q): e x a c t  mass:  Calcd f o r  C10H19N1: 153.1518. 

Found:153.1529. &: bp 85T/25mmHg: ir(NaC1) 1650 cm-l; ' ~ - n m r ( C ~ c l ~ )  6 8.0(s.lH), 6.0(m,lH), 

2.27-2.73(.,4H), 1.67-2.27(m,2H), 1.13(s.9H): ms: n / r  151(Mt); e x a c t  mass:  Calcd  f o r  C10H17N1: 

151.1359. Found: 151.1349. &: 118-119?2/15mrnHg; ir(NaC1) 1640 cm-l; 1~-nmr(~~14)63.15(s,3~), 

2.32-2.54(m,ZH), 1.92-2.10(m,4H), 1.67(s,3H), 1.12-1.48(m,6H), 0.89(t,J=6.4Hz.3H); 1 3 ~ - n m r ( ~ ~ 1 ~ 6  

178.18(s), 151.30(s), 140.44(s), 40.10(q), 33.70(t), 32.47(t) ,  28.65(t), 25.95(t), 24.48(t) ,  

23.01(t) ,  15.50(q), 14.33(q): ms: m/z  1 7 9 ( ~ + ) ;  e x a c t  mass: Calcd f o r  C12HZ1N1: 179.1672. Found: 

179.1655. 



Photooxvaenation of Aldimines 

In a typical experiment, photooxygenation of la (7.2 x lo-' M) was carried out in 30 m1 of 

tetrahydrofuran with TPP (7.2 x M) as a sensitizer. The oxygenated products were separated 

, ., by preparative gas chromatography (column temperature 50'0. was obtained in 71% yield. 

Photooxygenation of & yielded hydroxy aldimine 4 after addition of dirnethyl sulfide to the 

reaction mixture. a: ir(NaC1) 3340 cm-l; '~-nmr(~~D~) 6 7.16(s,ZH), 5.45-5.56(m,2H), 5.01- 

5.08(m.2H). 4.54-4.65(m,ZH), 4.42-4.51(m,2H), 1.15(d,J=6.4Hz,3H), l.ll(d,J=5.9Hz, 3H), 1.06(s,9H), 

1.03(s,9H); 13~-nmr(~6~6) 6 158.87(s), 158.69(s), 106.21(t), 105.15(t), 90.59(s), 90.47(s), 

79.26(d), 78.49(d), 50.26(s), 30.82(q), 18.38(q), 17.26(q); ms: m/z 171(~+), 156, 98, 57: exact 

mass: Calcd for C9H17N102: 171.1257. Found: 171.1252; GC column temperature 50T. The isomeric 

mixture was not separated but showed the expected 13c-nmr spectrum and a 1 : 1 ratio. 2: 
ir(NaC1) 3340 cm-l; 1~-nmr(~6~6)67.17(s.2~), 5.40-5.58(m,2H), 5.05-5.10(m,2H) 4.65-4.71(m,2H) 

4.33-4.55(rne2H), 1.40-1.70(rn,4H), 1.06(s,9H), 1.05(s,9H), 0.84-0.99cm.6H); 13~-nmr(~6~6)6 

157.49(=), 157.37(s), 106.07(t), 105.71(t), 90.56(d), 90.45(d), 84.01(d), 83.54(d), 50.31(s), 

30.83(q), 26.74(t), 26.56(t), 10.18(q), 9.54(q); exact mass: Calcd for C10H19N102: 185.1414. 

Found: 185.1402. GC column temperature 80-C. The isomeric mixture was not separated but showed a 

1 : 1 ratio. &: ir(NaC1) 3360 cm-'; '~-nrnr(C~D~) 6 7.29(s,lH), 4.98-5.06(m,lH), 

4.76(d,J=5.4Hz9lH), 3.18-3.26(m.lH), 1.65-1.98(.,4H), 0.91(s,9H); 13~-nmr(~6~6) 6 158.21(d), 

156.13(s), 73.51(d), 62.18(d), 57.51(s), 28.96(q), 28.84(t), 26.62(t); exact mass: Calcd for 

C10H17N102: 183.1258. Found: 183.1251; GC column temperature 60'C. 4: ir(NaC1) 1670 cm-l; 'H- 

nmr(C6D6) 6 7.87(s,lH), 5.74(brs.lH), 5.29-5.37(m,lH), 3.03-3.18(m,lH). 1.97-2.25(m,4H), 

l.OZ(s.9H); 13~-nmr(~6~6) 6 153.0(d), 145.64(s), 139.08(d), 76.75(d), 56.80(s), 32.71(t), 

30.81(t). 29.54(q): exact mass: Calcd kor C10H17N101: 167.1310. Found: 167.1328; GC column 

temperature 60°C. 

Phvsical Properties of Aldimines 
8-Values (kdlkr; kd=rate constant for solvent deactivation of lo2; kr=rate constant for chemical 

reaction of the substrate) were determined using linalool (6.0.18) as the standard by means of GC 

analysis and are listed in Table. 

Uv measurements of formation of complexes between TCNE and aldimine were carried out as follows. 

To a methylene chloride solution of the aldimine (0.1 M) was added an equimolar amount of TCNE in 

methylene chloride under argon at room temperature. The resulting complexes were immediately 

analyzed by uv spectroscopy. Frequencies of charge-transfer complexes obtained are shown in 

Table. 
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