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A b s t r a c t  - From t h e  r e a c t i o n  o f  the  bis(isocyanatoalkyl)diazene 1 

w i t h  a l c o h o l s  t h e  expected adducts 2 c o u l d  not  be i s o l a t e d  ( though 

t h e r e  i s  spec t roscop ic  evidence o f  t h e i r  formation). The main p roduc t  

ob ta ined  was t h e  t r i a z o l i n - 3 - o n e  3, and i n  add i t i on ,  severa l  

complementing p roduc ts  4 - 6 were formed. 

L i k e  many azo a lkane  d e r i v a t i v e s  1,Z-bis(1-isocyanate-1-methylethyl)diazene l2 has aroused some 

i n t e r e s t  as a f r e e  r a d i c a l  s o ~ r c e ~ - ~ .  Apar t  f rom t h e  i n v e s t i g a t i o n  o f  t h e  thermal  s t a b i l i t y 4 z 5  an 

a t tempt  has been repor ted4  t o  f u n c t i o n a l i z e  t h e  isocyanate groups o f  1: Alcoho ls  were a n t i c i p a t e d  

t o  add t o  t h e  i socyana te  func t ions ,  b u t  no tab ly ,  from the r e a c t i o n  o f  1 w i t h  a l c o h o l s  t h e  expected 

adducts, t h e  1,2-bis[Z-[2-(alkoxycarbonylamino)]propyl]diazenes 2 c o u l d  n o t  be i s o l a t e d ,  though 

spec t roscop ic  ev idence ( w i t h o u t  d e t a i l s )  has been claimed4. Ins tead ,  mere ly  t h e  carbamates 4 have 

been i s o l a t e d  (no  y i e l d s  g iven14,  and these compounds have been regarded t o  be t h e  f ragmentat ion 

p roduc ts  of t h e  presumed i n t e r m e d i a t e  diazenes 2. However, no complementing fragment containing 

t h e  propane m o i e t i e s  or t h e  azo n i t r o g e n  atoms o f  t h e  educt 1 has been found. T h i s  l a c k  o f  

s t o i c h i o m e t r y  l e d  t o  t h e  r e i n v e s t i g a t i o n  o f  t h i s  r e a c t i o n .  

As a g a i n s t  t h e  n o t o r i o u s l y  h i g h  r e a c t ~ v i t y  of o rgan ic  isocyanates toward p r o t i c  nuc leoph i les6  t h e  

low r e a c t i v i t y  of t h e  bis(isocyanatoa1kyl)diarene 1 i s  s t r i k i n g .  Compound 1 has been no ted  f o r  

l t s  i n e r t n e s s  toward wate r ,  thus  p e r m i t t i n g  the  syn thes is  o f  1 (and i t s  homologues) i n  aqueous 

s o l u t i o n 2 .  The r e a c t i o n  of 1 w i t h  a l c o h o l s  i s  s lugg ish  too, and p ro longed  h e a t i n g  a t  e leva ted  

temperature i s  r e q u i r e d  t o  conver t  1 i n t o  several  products (Scheme 1 ) .  

The s o l u t i o n  o f  1 (1.96 g. 10 mmol) i n  methanol (20  m l )  was b o i l e d  under r e f l u x  ( 2  h ) .  A f t e r  

evapora t ion  of t h e  s o l v e n t  t h e  r e a c t i o n  m i x t u r e  was worked up b y  Kugelrohr  d i s t i l l a t i o n  (6O0C. 

1 Pa): The s o l i d  r e s i d u e  upon a d d i t i o n  of e t h e r  f u r n i s h e d  c o l o r l e s s  c r y s t a l s  of 5.5-d imethyl -  
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1,2,4-tr iazolin-3-one 3 7  (0.86 g, 76%). The d i s t i l l a t e  (0.84 g)  tu rned ou t  t o  be a m i x tu re  o f  two 

products as was revealed by 1~ NMR (CDC13): Beside a broad NH s igna l  a t  6 5.1 t h ree  s i n g l e t s  are 

displayed a t  6 1.52, 3.18, and 3.61, which a re  a t t r i b u t e d ,  i n  t u rn ,  t o  the  geminal d imethyl ,  the  

methoxy and the  carbomethoxy protons o f  2-nethoxy-2-methoxycarbonylaminopropane 4a. The i n t eg ra -  

t i o n  of t h e  methyl s i n g l e t s  (33.5 : 17.0 : 20.3) c l e a r l y  dev ia tes  from the  r a t i o  2 : 1 : 1 

expected for  compound 4a, and i nd i ca tes  t h a t  the  s i n g l e t  a t  6 3.61 a r i ses  from the  isochronous 

carbomethoxy groups of 4a and of an add i t i ona l  compound, the  methyl carbamate 5a, as was con- 

firmed b y  an authent ic  sample8. From the  s i gna l  i n t e g r a t i o n  a 91 : 9 r a t i o  of  4a (52%) and 5a 

(10%) was evaluated. There was no i n d i c a t i o n  of the  adduct Za. 

The reac t i on  of 1 w i t h  methanol was repeated and worked up d i f f e r e n t l y :  A f t e r  evaporat ion of t h e  

solvent, the  product  m i x tu re  was d isso lved  i n  e ther  (30 ml )  and subjected t o  low pressure l i q u i d  

chromatography on s i l i c a  gel  (250 g, 0.040-0.063 mn [Merck]; g lass  column 3.3 cm i .d. ,  50 cm 

length; 1.7 ba r ) .  The f r ac t i ons  co l l ec ted  upon e l u t i o n  w i t h  d i e t h y l  ether/petro leum e ther  (PE, 

bo i l i ng  range 40-60°C) 3 : l  afforded mix tu res  o f  products; subsequent exhaust ive e l u t i o n  w i t h  d i -  

ethyl e ther  furnished pure 3 (1.02 g. 90%). The combined m ix tu re  f r a c t i o n s  (0.95 g)  were analysed 

spectroscopical ly :  The 1~ NMR spectrum (CDC13) e x h i b i t s  t h e  same chemical s h i f t  Pa t t e rn  as the  

mixture of  4a and 5a obtained before,  w i t h  methyl s i n g l e t s  a t  6 1.52, 3.18 and 3.61. However, 
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the  i n t e g r a t i o n  of these s i gna l s  (76.0 : 26.5 : 44.5) discloses the  presence o f  a  t h i r d  product  

having i n  common w i t h  4a both the  geminal d imethyl  and the carbomethoxy groups ( s i n g l e t s  a t  

6 1.52 and 3.61). Th is  g ives  evidence of  the  format ion o f  the adduct Za, and f rom t h e  s i gna l  

i n t e g r a t i o n  a r a t i o  o f  25 : 66 : 8  fo r  Z a  (9%), 4a (43%). and 5a (11%) i s  revealed. The CI-MS 

( isobutane) o f  t h i s  m i x tu re  a l so  i s  i n d i c a t i v e  of Za: The h ighes t  mass peak observed a t  m/z 231 

i s  a t t r i b u t e d  t o  the  i o n  r e s u l t i n g  from the ex t r us i on  of diazene (N2H2) from the  pseudomolecular 

i on  of Za  (MH*-30)9. Under the  cond i t ions  app l ied  the mixture of Za, 4a, and 5a could n o t  

be separated; i t  was t r ea ted  w i t h  1 N HC1 ( 2  ml, ambient temperature, 1 h )  and converted i n t o  t h e  

s i ng l e  product  5a (0.46 g, 86%, based on the  y i e l d s  of the mix tu re) .  

The reac t i ons  w i t h  ethanol  and w i t h  2-propanol were car r ied  ou t  accord ing ly .  Again, the  t r i a z o l i n -  

3-one 3 was i s o l a t e d  i n  good y i e l d s  e i t h e r  as the residue of a  Kugelrohr d i s t i l l a t i o n  (70%). o r  

as the  f i n a l  e l ua te  (88%) from column chromatography. The forerunning f r ac t i ons  as we l l  as the  

d i s t i l l a t e  were mix tu res  ma in ly  of 4 and 510,11, which upon a c i d  hyd ro l ys i s  were converted i n t o  

e thy l  carbamate 5b12 (81%) and isopropy l  carbamate 5c13 (79%). r espec t i ve l y l 4 ,  

The reac t i on  o f  1 i n  t - b u t y l  a lcohol  requ i red  prolonged r e f l u x i n g  (22 h ) .  A f t e r  evaporat ion o f  t h e  

so lven t  and upon a d d i t i o n  of e ther  t o  the  residue some crys ta ls  o f  urea were p rec i p i t a t ed .  The 

f i l t r a t e  was subjected t o  l i q u i d  chromatography and furnished t - b u t y l  carbamate 5d15 (29%) and 

the  t r i a zo l i n -+one  3 (74%). 

The s o l u t i o n  o f  1 (1.96 g, 10 mmol) i n  benzyl a lcoho l  (20 ml) was kept  a t  90°C f o r  2  h. Sub- 

sequently, the  major p o r t i o n  of the  so lven t  was d i s t i l l e d  off (80°C. 1 Pa), the  res idua l  o i l  ( 5  g) 

was d isso lved  i n  e ther  (20 ml )  and subjected t o  l i q u i d  chromatography (1.6 bar ) .  Upon e l u t i o n  w i t h  

ether/PE 2:1 the  f o l l o w i n g  products were i so la ted :  2,2-Dibenzyloxypropane 6e16 (1.01 g, 39%); 

2-benzyloxy-2-benzyloxycarbonylaminopropane 4e17 (1.159, 38%). I n  the crude e lua te  con ta in ing  

4e the presence o f  some Ze  was i nd i ca ted  by CI-MS: The i on  of h ighes t  mass a t  m l r  383 (beyond 

MH' o f  4e, m/z 299) i s  taken as evidence for  compound Ze .  The fragment a t  m/z 383 i s  der ived  

from the  unobserved MH+ (m/z 413) o f  Ze by ex t r us i on  of diazeneg. From the f o l l ow ing  f r ac t i ons  

benzyl a lcoho l  and benzyl carbamate 5 e 1 8  (0.50 9, 33%) were iso la ted .  Upon f i n a l  e l u t i o n  w i t h  

e ther  t h e  t r i a zo l i n -3 -one  3 (0.99, 88%) was co l lec ted .  - Benryl carbamate 5e and acetone d i -  

ben ry l ke ta l  6e have been ru l ed  ou t  t o  be successive products formed i n  the  course of a  conceiv- 

ab le  s o l v o l y s i s  o f  the  N,O-ketal 4e: Under the  cond i t i on  of i t s  formation, 4e was t r e a t e d  w i t h  

benzyl a lcoho l ,  and was recovered q u a n t i t a t i v e l y .  

The r e a c t i v i t y  o f  t h e  bis isocyanate 1 toward a lcoho ls  i s  except ional .  The t e n t a t i v e  r a t i o n a l i z a -  

t i o n  of t h i s  r eac t i on  as ou t l i ned  i n  Scheme 2  takes i n t o  account bo th  t h e  unexpected f a i l u r e  o f  1 

t o  form apprec iab le  amounts of the  adducts 2, and t h e  surpr is ing  fo rmat ion  o f  t h e  he terocyc le  3 

i n  company w i t h  the  complementing products 4, 5, and 619 .  
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The uncomonly reduced e l e c t r o p h i l i c i t y  of the isocyanate funct ions o f  1 i s  a t t r i b u t e d  t o  an 

intramolecular sh ie ld ing exerted by the diazene n i t rogen atoms. The X-ray analysis4 of c r y s t a l l i n e  

1 i n  fac t  d isc loses a c e r t a i n  spa t i a l  p rox imi ty  of the funct ional  groups; s ince t h i s  folded con- 

formation o f  1 i s  not enforced by c r ys ta l  packing (no close contacts between the molecules have 

been observed4) i t  may p reva i l  a lso  i n  so lu t ion .  Moreover, t o  some extend an equ i l i b r i um may be 

considered between 1 and the c y c l i c  valence isomer 1' , and the react ion  i s  supposed t o  be i n i t i -  

ated by pro tonat ion  a t  the  negat ive ly  charged r i n g  nitrogen atom o f  1' ( t h i s  i s  c l ose l y  re la ted  

t o  the recent report20 on the s t a b i l i z a t i o n  of a zw i t t e r i on i c  c y c l i c  valence isomer through i t s  

protonat ion).  Thereby, the remaining isocyanate func t ion  i s  rendered back i t s  t y p i c a l  r e a c t i v i t y :  

Addi t ion o f  a lcohol  provides the monoadduct 7, which i n  turn i s  conceived t o  e x i s t  i n  an equi- 

l i b r i u m  w i th  8 '  (both n i t rogen atoms involved i n  t h i s  proton t rans fe r  are o f  the carbamic ac id  

type) .  The intermediate species 8 '  may undergo several competing react ions:  (1 )  So lvo lys is  o f  

8 '  ( o r  l i kewise of 71 furnishes the products 3 and 4. ( 2 )  He te ro l y t i c  fragmentationZ1 of 8 '  

i n t o  an ion  pa i rZZ  followed by the react ion  of the fragments w i t h  the a l coho l i c  solvent generates 

the carbamate 5 and another intermediate 9. Again, the cyc l i c  valence isomer 9' i s  supposed t o  

be the more reac t i ve  species (by analogous reasoning as used f o r  l'), and subsequent so l vo l ys i s  

of 9 '  gives r i s e  t o  the formation o f  6 along w i th  3. ( 3 )  Valence isomerism o f  8 '  may be a n t i -  

c ipated too: The monoisocyanate 8 ( i n  much the same way as the bisisocyanate 1) i s  expected t o  be 

a ra the r  poor e lec t roph i l e ,  but  eventual ly the add i t ion  of the alcohol  t o  the isocyanate func t ion  

of 8 provides some 2, as was a c t u a l l y  found. 

Thus the t r iazo l in -3-one 3, the main product of t h e  alcoholysis of 1, i s  presumed t o  be generated 

i n  the course of two competing react ion  sequences, both accounting for  the format ion o f  the com- 

plementing products 4 as wel l  as 5 and 6. 
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