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Dedicated to Professor C.G. Ouerberger on the Occasion of his 60th Birthday 

INTRODUCTION 

lsoureas (o r  pseudoureas) a re  a unique and h i g h l y  reac t i ve  c lass  o f  re- 

agents possessing many demonstrated and p o t e n t i a l  appl ca t ions  i n  organic 

synthesis. Their  r e a c t i v i t y  stems, i n  pa r t ,  f r o m  t h e i r  isomeric r e l a t i o n -  

sh ip  t o  ureas. Many reac t ions  (Eq. 1 )  are  based on the  f a c i l e  loss o r  re -  

arrangement o f  the 0-subs t i tuent  t o  g i ve  the thermodynamically more s tab le  

urea. I n  t h i s  respect, the isoureas are  exce l l en t  a l k y l a t i o n  and e s t e r i f i -  

c a t i o n  agents. 

urea n i t rogens  (Eq. 2) o r  on exchange o f  the n i t rogen  and oxygen groups o f  

the isourea (Eq. 3 ) .  

Other react ions are  based on the n u c l e o p h i l i c i t y  o f  the iso- 

A previous review1 described the la rge  number o f  app l i ca t i ons  o f  v a r i -  

These app l ica-  ous isoureas (R = I " ,  2' o r  3" a l k y l )  as a l k y l a t i n g  agents. 

t i o n s  include the formation o f  es te rs  o f  carboxy l i c  acids and phsophoric 

l a ted  heterocycles,  and 

involved N,N' - d i s h -  

ion  o f  a lcohols t o  

acids,  N-alkylated amino ac id  betaines, N-alk 

ethers.  A l l  but  a few o f  

obtained by the  copper-cata 

phenol ic and t h i o  

s t i t u t e d  isoureas 

hese uses 

yzed addi 
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MATH I AS 

C02R + R ' N H C O N R ' R "  R ' "  C02H R l  I I  

carbodi i m i d e ~ ~ ' ~  

hexyl de rav i t i ves .  

such as the commercial 1y a v a i l a b l e  d i  isopropyl  o r  d i cyc lo -  

I n  a d d i t i o n  t o  a l k y l a t i o n s ,  isoureas are intermediates o r  reagents f o r  

a number o f  unique and s y n t h e t i c a l l y  use fu l  react ions.  These include a 

v a r i e t y  o f  conversions such as t h a t  o f  methanol t o  methyl iodide,cyanamide 

t o  secondary amides, aldehydes t o  n i t r i l e s , a n d  a lcoho ls  and phenols t o  the 

alkanes and arenes. Knowledge o f  these react ions o f  isoureas requires re -  

assessment o f  two accepted d e r i v a t i z a t i o n  procedures, one invo lv ing  cyano- 

gen bromide a c t i v a t i o n  o f  carbohydrates f o r  amine coupl ing,  the o ther  re -  

s u l t i n g  i n  pept ide guanidinat ion w i t h  0-methylisourea. lsoureas a l so  f i n d  

extensive app l i ca t i on  i n  the format ion o f  heterocycles such as py r im i -  

dines. This review w i l l  survey these uses w i t h  the purpose o f  increasing 

the general awareness o f  isoureas and, hnoefu l l y ,  sparking new and extended 

app l i ca t i ons  o f  isoureas t o  syn the t i c  problems. While a 

procedures t o  be discussed employed symmetr ical ly disubs 

(Eq. 1-3, R "  = H; R '  = isopropy l ,  cyclohexyl ,  phenyl o r  

r a v i t i v e s  such as the N,N'-unsubsti tuted compounds ( R '  = 

been used. The ent 

both a l k y l -  and ary 

the f i v e  basic fami 

R "  = 

r e  range o f  de r i va t i ves  have been reported 

- subs t i t u ted  compounds. The syn the t i c  ava 

ies  i s  c u r r e n t l y  being r e ~ i e w e d . ~  I t  shou 

major i t 

i tu ted  

t o l y l ) ,  

H 

o f  the 

soureas 

o ther  de- 

have a l  so 

i nc lud ing  

l a b i l i t y  o f  

d be noted 
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SYNTHETIC APPLICATIONS OF ISOUREAS. A REVIEW 

that  several isoureas may now be obtained comnercially.l 

1. Methyl Iodide. Synthesis 

A b r i e f  descr ipt ion has appeared on the overa l l  conversion o f  methanol 

t o  methyl iodide via the parent isourea (Eq. 4) .  

OCH3 2CH31 (90%) 

+ I 
H NCZN 2 

+ H2S04 l H 2 : y H 2 ]  so: @ 
soa 2 

CH30H NH2CONH2 

(4) 

The excel lent  y i e l d  and mi ld  conditions reported suggest that  f u r the r  in-  

vest igat ion o f  the general i ty o f  t h i s  react ion should be carr ied out w i th  

respect 

c i f i c a l  

read i 1 y 

carbodi 

synthes 

t o  other 0-alkyl  subst i tutents and other ciasses o f  isoureas. Spe- 

y, the N,N'-dialkylisout6ds shoutd be examined since they are 

avai lable i n  essent ia l ly  quant i ta t ive y i e l d  from the alcohol and 

mide. 

s o f  

One valuable appl icat ion o f  t h i s  procedure would be t o  the 

3CH31 spec i f i ca l l y ,  and i so top ica l l y  label led a l k y l  iodides 

i n  general. 

dide would be economically advantageous. 

2. Guanidination 

High-yield conversion o f  the less expensive 13CH30H t o  the io-  

One o f  the most important uses o f  isoureas i n  biochemical studies i s  

o f  the commercially avai lable 0-methylisourea f o r  conversion o f  side- tha 

cha n amine groups o f  amino acids and pept idesto guanidine moieties 

4NH + CH30H 
RCH2NH2 

/-) RCH2NHC, 
PCH3 NH, 

N H ~ - ~ = N H  L 

( 5 )  

RSCH + NH2CONH2 3 
\ RSH ~ 

31 3 
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MATH I A S  

(Eq.  5 ) .  This has long been considered a clean, s t ra igh t fo rward  procedure6 

Recent repor ts  o f  competing reac t ions  w i t h  m i n e ,  ac id  and t h i o l  groups i n -  

d i ca te ,  however, t ha t  t h i s  i s  no t  always the case.l  

should be espec ia l l y  evident f o r  peptides and enzymes which conta in  a great 

deal o f  d iverse  side-chain f u n c t i o n a l i t y .  A s p e c i f i c  example involves the 

i n a c t i v a t i o n o f  papain w i t h  Omethyl isourea i n  which the i n a c t i v a t i n g  pro- 

cess was shown t o  be s u l f u r  a l k y l a t i o n  a t  the a c t i v e  s i t e  as i n  Eq. 6 . 7  

Competing reac t ions  

I t  i s  important t ha t  these add i t i ona l  reac t ions  o f  isoureas be considered 

before a t tempt ing  guanidinat ion.  

3. Cyanogen Bromide Ac t i va t i on  o f  Carbohydrates 

One o f  the m r e  comnon methods o f  in t roduc ing  reac t i ve  f u n c t i o n a l i t y  

i n  carbohydrate ol igomers and polymers involves i n i t i a l  treatment o f  these 

substrates w i t h  cyanogen bromide (CNB) fo l lowed by coup1 ing  o f  var ious m ine  

groups t o  the r e s u l t i n g  cyanate es te r  (R-0-CN). This has been important 

fordrug incorpora t ion  i n t o  dressings, c e l l u l o s e  mod i f i ca t ion ,  and anchoring 

o r  " inso lub i  1 i za t i on "  o f  a v a r i e t y  of enzymes. While the procedure does 

r e s u l t  i n  chemical ly bound species, the nature o f  the b ind ing  group was c n l y  

recen t l y  c l a r i f i e d .  Through spectroscopic ana lys is  and i s o e l e c t r i c  focusing 

experiments, the te the r  moiety was found t o  be the isourea;8 tha t  i s ,  the 

RO-CEN group converted t o  the RO- species on reac t ion  w i t h  amines. 

Since t h i s  procedure i s  w ide ly  used, cur ren t  knowledge of the r e a c t i v i t y  o f  

the r e s u l t i n g  isourea w i t h  carboxy l i c  ac id ,  amine and t h i o l  groups demands 

a reassessment of the method. S p e c i f i c a l l y ,  gradual release o f  the bound 

group may be occur r ing  w i t h  loss o f  the subs t i t u ted  urea de r i va t i ve .  For 

polymer-bound drugs, enzymes and a f f i n i t y  labe ls ,  such slow release w i l l  be 

o f  immediate concern and must be c a r e f u l l y  evaluated. On the o ther  hand, 

i n ten t i ona l  reac t ion  o f  theseisourea moiet ies via loss o f  the urea may al low 

incorpora t ion  o f  a v a r i e t y  o f  heterocycle,  es te r  and t h i o l  e ther  groups i n -  

t o  the carbohydrate subs t ra te . l  This method could thus lead t o  va r ious l y -  
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SYNTHETIC APPLICATIONS OF ISOUREAS. A R E V I E W  

subs t i t u ted  de r i va t i ves  of the  polysaccharides, f o r  example,whPch would be 

o f  syn the t ic  and medicinal i n te res t .  

A f u r t h e r  cons idera i ton  i s  the n u c l e o p h i l i c i t y  o f  the isourea n i t r o -  

gens. Th'e,isoureas obtained from CNB treatment o f  agarose fol lowed by re -  

a c t i o n  w i t h  a l k y l  amines possess pKa values very s i m i l a r  t o  the f ree  a l k y l  

amines. 

ion from e-ni t rophenyl  a ~ e t a t e ; ~  the  parent 0-methyl isourea behaved s i m i l -  

a r l y .  While t h i s  reac t i on  was developed as an a n a l y t i c a l  t o o l  f o r  de ter -  

mining the amount o f  isourea incorporat ion,  the n u c l e o p h i l i c i t y  displayed 

w i  1 have importance w i t h  respect t o  s ide-react ions i nvo l v ing  mod i f i ca t i on  

o r  app l i ca t i on  o f  polymer-bound enzymes, a f f i n i t y  l abe ls  and reagents. 

4. N i t r i l e  Synthesis 

They were found t o  be very reac t i ve  i n  re leas ing  the  phenolate an- 

Vowinkel has extended h i s  previous i nves t i ga t i on1  o f  the syn the t i c  ap- 

p l i c a t i o n s  o f  isoureas t o  include two new areas, the f i r s t  o f  which i s  n i -  

t r i l e  synthesis. The o v e r a l l  process (Eq. 7) involves conversion o f  an a l -  

dehyde t o  the oxime, format ion o f  the oxime isourea and f i n a l l y  urea e l i m i -  

na t i on  t o  g i ve  the n i t r i l e . 1 °  

not required and a one-pot synthesis thus resu l t s .  The oxime i s  obtained 

w i t h  hydroxylamine hydrochlor ide i n  a pyr id ine-water mixture.  A two-phase 

I s o l a t i o n  o f  the oxime and the isourea i s  

system 

F i n a l l y  

t u re  s t  

s then developed by a d d i t i o n  o f  CH2Cl2 a long w i t h  E t 3 N  and CUSOI,. 

a C H z C I 2  s o l u t i o n  o f  dicyclohexylcarbodiimide i s  added and the mix- 

r red  f o r  several hours a t  room temperature. Work-up and p u r i f i c a -  

t i o n  gives genera l l y  exce l l en t  y i e l d s  (>go%) o f  the n i t r i l e s .  
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MATH I AS 

The reac t i on  works we l l  f o r  a wide v a r i e t y  o f  a l k y l  and a r y l  aldehydes. 

The procedure i s  mi ld ,  c lean and easy t o  ca r ry  ou t .  Functional groups which 

would compet i t i ve ly  react w i t h  the d i im ide  must, o f  course, be exc1uded.l 

Nonetheless, t h i s  app l i ca t i on  o f  isoureas as intermediates i n  the dehydra- 

t i v e  synthesis o f  n i t r i l e s  o f f e r s  a valuable and general a l t e r n a t i v e  t o  

previous methods. 

5. Dehydroxylat ion o f  Alcohols and Phenols 

Vowinkel 's second recent development i n  isourea chemistry a l lows the 

o v e r a l l  reduc t ive  removal o f  HO-groups. Hydrogenolysis o f  a ser ies  o f  0- 

a l k y l  isoureas (obtained i n  nea r l y  q u a n t i t a t i v e  y i e l d  from d icyc lohexy lcar -  

bodi imide and the a lcoho l )  led  t o  exce l l en t  y i e l d s  o f  the alkanes i n  most 

cases . l l  General ly, low pressure cond i t ions  a t  room temperature required 

0.5-30 hrs . ;  however, f o r  the menthyl- and bornyl-compounds longer reaction 

times were required, ske le ta l  rearrangements occurred and low y i e l d s  were 

obtained (Eq.  8) .  The method worked we l l  f o r  I " ,  2 "  and 3"  a lcohol  der iva-  

t i v e s  and espec ia l l y  we l l  f o r  benzyl a lcohols.  

The procedure was a l so  app l ied  t o  dehydroxylat 

RNHCONHR 

on o f  phenols and re -  

l a ted   compound^.'^,^^ Formation o f  the 0-ary l  isoureas involved e i t h e r  un- 

catalyzed add i t i on  o f  the phenols t o  an excess o f  var ious N,N ' -d ia lky l -  o r  

N,N'diarylcarbodi  imides12 (method A) o r  sequent ia l  format ion o f  the a r y l  

cyanate and the isourea by treatment o f  the phenol w i t h  cyonogen bromide 

fol lowed by a d d i t i o n  of a secondary amine (method B ) . 1 3  Although the 0- 

a lky l i sou reas  were obtained almost quan t i t a t i ve :y ,  y i e l d s  o f  the 0-ary l  de- 

r i v a t i v e s  were i n  the range of 54-80Z w i t h  method A and 2 8 6 %  w i t h  
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SYNTHETIC APPLICATIONS OF ISOUREAS. A R E V I E W  

method B. I s o l a t i o n  o f  the 0-aryl isoureas was sometimes preformed by f o r -  

mation o f  the  p i c r a t e  o r  oxa la te  sa l t s .  Hydrogenolysis w i t h  Pd/C a t  r o o m  

temperature and low pressure was normal ly complete a f t e r  1-9 hrs.  Overal l  

y i e l d s  o f  the  arenes were genera l l y  good t o  exce l l en t .  

groups which reac t  w i t h  e i t h e r  carbodi imide o r  isourea as we l l  as aromatic 

ha l ides  which are suscept ib le t o  hydrogenolysis. The dehydroxylat ion re -  

a c t i o n  * isoureas i s  thus general f o r  both a l k y l  and aromatic hydroxyl 

groups and provides a use fu l  a d d i t i o n  t o  the syn the t i c  arsenal o f  the organ- 

i c  chemist. 

6. Arene Oxide Synthesis 

L im i ta t i ons  include 

An app l i ca t i on  o f  isoureas t o  oxide format ion has recen t l y  been de- 

sc r ibed which i s  nea r l y  the reverse o f  the dehydroxylat ion react ion.  This 

a p p l i c a t i o n  involves the d i r e c t  epoxidat ion o f  phenanthrene and pyrene w i t h  

a mixture o f  N,N'-dialkylcarbodiimide, H202 and a c e t i c  a c i d  i n  e t h y l  ace- 

t a t e  (Eq. 9).14 

based on reacted arene), the reac t i on  i s  m i l d  and seems t o  mimic the b i o l o -  

g i c a l  pathways which are  imp l ica ted  i n  the  ca rc inogen ic i t y  of these com- 

pounds. The epoxidat ion was shown not  t o  proceed through the peroxyacet ic 

ac id ,  thus suggesting the peroxyisourea as the a c t i v e  reagent. The method 

i s  a l s o  reported t o  g i ve  alkene epoxidat ion under m i l d  cond i t ions ;  f u r t h e r  

desc r ip t i on  o f  t h i s  and the  arene ox ide  synthesis was promised. 

While the y i e l d s  a re  no t  h igh  (28% and 27%, respec t ive ly ,  

RN=C=NR/g8%H2O2 

AcOH/EtOAc 
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MATH I AS 

7.  Secondary Amine Synthesis 

A recen t l y -eva i l ab le  synthesis o f  secondary amines was based on the d i -  

a l k y l a t i o n  o f  cyanamide fol lowed by removal o f  the cyano group (Eq. 10). 

The l a t t e r  was f requent ly  a d i f f i c u l t  reac t i on  u n t i l  the i n t roduc t i on  o f  a 

OCH 
CH OH I HOAc 

3 + R2H=NH -R NH (10) 
2 + R NC-N 

2 
3 1)2eq.NaCH2SOCH 

2)2eq. RX 

I H2° KC N 
NH CEN 

pos s i b 1 e 
s ide- reac t ion  

1 CH CO CH + R2NCONH2 4 
3 2 3  

two-step procedure i nvo l v ing  the intermediate isourea.” A ser ies  o f  a l l y l -  

i c  and benzy l i c  groups were incorporated i n t o  the cyanamide i n  55-90% yields 

respec t ive ly .  The y i e l d  o f  the hydro lys is  step might be improved by use 

o f  inorganic ac id  c a t a l y s i s  s ince carboxy l i c  acids may be involved i n  

methyl es te r  format ion w i t h  concomittant release o f  the N,N-dialkylurea.l  

This po in ts  out the add i t i ona l  p o s s i b i l i t y  o f  the use o f  the intermediate 

isoureas f o r  the d i rec ted  synthesis o f  the ureas i n  the absence o f  water 

- v i a  ready loss o f  the 0-methyl group. 

8. Heterocycle Synthesis 

Other than a l k y l a t i o n s  and e s t e r i f i c a t i o n s , l  the use o f  isoureas f o r  

the format ion o f  a v a r i e t y  o f  he te rocyc l i c  compounds has received the most  

widespread a t ten t i on .  Three general areas e x i s t :  

( I )  r ing-closures i n  which a l l  or p a r t  o f  the isourea i s  e l im ina ted .  

(2 )  condensations i n  which both isourea n i t rogens  are included d i r e c t l y  o r  

i n d i r e c t l y  i n t o  the heterocycle. 

( 3 )  

isourea n i t rogens ,  the o ther  being exocyc l i c .  

react ions g i v i n g  heterocycles conta in ing  the oxygen and one o f  the two 

a. Invo lv ing  Loss o f  lsourea 

The f i r s t  e l i m i n a t i o n  resu l ted  i n  compet i t ive cyclopropane and enol 

e ther  formation. The synthesis involved i n i t i a l l y  the N,N’dicyclohexy- 
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S Y N T H E T I C  A P P L C I A T I O N S  OF ISOUREAS.  A R E V I E W  

l i soureas  o f  6-hydroxy ketones which were then pyrolyzed. 

urea involved C-C o r  C - 0  bond format ion as shown i n  E q .  l l : I 6  

LOSS o f  the 

2) 1 30°/5h - -  G 
64% 16% 

When appl ied  t o  2- (6-hydroxyethyl)cyclohexanone, the cyclopropyl  ketone 

and the enol e ther  were obtained i n  about 20% and 60% y ie lds ,  respec t ive ly .  

However, when 3-(hydroxymethyl)cycIohexanone was used, on l y  the fused cy- 

c lopropy l  compound was i so la ted  ( E q .  12). The o v e r a l l  r eac t i on  here i s  

f o rma l l y  dehydration, although the format ion o f  C-C bonds via the isoureas 

i s  ra re  compared t o  heteroatom a t tack  a t  the a-carbon t o  the oxygen o f  the 

isourea. However, a re la ted  repo r t  i nvo l v ing  a thermolysis o f  cyclohexa- 

no1 isourea involved urea loss t o  g i ve  c y ~ l o h e x e n e . ’ ~  

I 
S)-C=NH 

xylenes 
1 3 7 O  CJ ’ 
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MATH I AS 

2-Pyridone synthesis (Eq. 13) involved i n i t  

o f  propargyl a lcoho ls  t o  1-cyanopyrrol id ine t o  g 

urea. Thermolysis was suggested t o  lead i n i t i a l  

al base ca ta lyzed add i t i on  

ve the intermediate i so-  

y t o  the N-subs t i tu ted  

a l lene,  which through hydrogen migra t ions  and loss o f  p y r r o l i d i n e  gave the 

2-pyridone products. 

combinations o f  H, CH3, CzH5, 1- and i - C 3 H T ,  i- C 4 H 5  and phenyl. 

t i o n  gave low y i e l d s  when R = R'= Ph and R = C2H5, R '  = H; a compet i t i ve  

c y c l i z a t i o n  occurs which w i l l  be discussed i n  sec t ion  c .  

Y ie lds  were genera l l y  2 60% and R and R '  were var ious 

The reac- 

b. I nvo l v ing  Incorpora t ion  o f  Both Nitrogens 

The reac t i on  o f  0-rnethylisourea w i t h  several 6-diketones l e d  t o  e i t h e r  

the 2-hydroxy- o r  2-methoxypyrimidines (Eq. 14) . 19  I n  r e f l u x i n g  ethanol 

w i t h  the HCI  s a l t ,  r i n g  format ion and loss o f  the methyl group gave the 2- 

R = CH3; R '  = CH3, C2H5 

R = H; R '  = CH CF C H 
3 '  3 '  2 5 

hydroxy compounds. The s u l f a t e ,  however, reacted i n  aqueous KzC03 a t  room 

temperature t o  g i ve  the 2-methoxy de r i va t i ves .  The l a t t e r  were r e a d i l y  de- 

methylated i n  both aqueous and e thano l i c  so lu t i ons  o f  H C I .  These py r im i -  

dines, along w i t h  t h e i r  2-methyl th io analogs, are p o t e n t i a l  ant i - tumor 

agents . ' 9  

A much e a r l i e r  and morethorough inves t i ga t i on  o f  t h i s  synthesis i n -  

volved a ser ies  of papers i n  which the reac t ions  o f  a whole fam i l y  o f  0- 

a l k y l  isoureas were reported. The oxygen subs t i tuents  included most o f  

the C l - C 5  alkanes as we l l  as a l l y l ,  benzyl and 6-phenylethyl groups. A 

few condensations w i t h  a-diketones were reported, but the major e f f o r t  was 

w i t h  B-diketoesters and malonates (Equations 15-17) t o  g ive  b a r b i t u r i c  acid, 

u r a c i l  and pyr im id ine  products. 

20 -24  
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SYNTHETIC APPLICATIONS OF ISOUREAS. A REVjEW 

RO 

0 0 
II II 

0 0 
II II 

(17) 

Final ly ,  hydroxylamine reacted w i th  a series o f  0-alkylisoureas th roqh  

replacement o f  one of the nitrogens (Eq. 18).25 

der ivat ives were obtained by an a l te rna t i ve  procedure invo lv ing addi t ion 

o f  hydroxyl ami ne t o  ary 1 cyana tes :26 

The corresponding 0-aryl 

'{r (18) 
NH20H 1 ) CI C02R ' 

E q  NOH /r* 
II 

RO-C-NH2 

/ 
NH 
II 

RO-C-NH2 

Subsequent reaction w i th  a l k y l  o r  a r y l  chloroformates followed by thermpl 

r i n g  closure gave the 3-aryloxy- o r  3-alkoxy-1,2,4-oxadiazolones. 

oxadiazole r i n g  could also be formed by condensation o f  the isourea w i th  

the acid chlor ide o f  benzhydroximic ac id  (Eq. 19). This procedure resul ted 

i n  the presence of an amino subst i tu tent  on the r i n g  i n  place o f  the cqKbo- 

n y l  .25 

The 

c. Involv ing 0- and N-Incorporation 

This i s  the most thoroughly investigated o f  the heterocycle reactions 

and i s  based on the r e l a t i v e l y  high nuc leoph i l i c i t y  o f  the isourea n i t rogms 
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The isoureas were e i t h e r  i so lub le  o r  t rans ien t  intermediates i n  which sub- 

sequent intramolecular n i t rogen  a t tack  lead t o  the c y c l i c  compounds. 

The 2-pyridone synthesis described i n  sec t ion  8a gave low y i e l d s  when 

R' (Eq. 20) was H o r P h .  Apparently, compet i t i ve  irnine a d d i t i o n  t o  the 

t r i p l e  bond fol lowed by aromat 

i n  moderate y ie lds .  While i t  

za t i on  gave the-oxazoles which were i so la ted  

was suggested t h a t  gas phase thermolysis 

0 
I 

should suppress t h i s  reac t ion ,  means o f  improving the y i e l d  f o r  oxazole syn- 

thes i s  were no t  pos tu la ted . l *  

An unusual benzimidazole synthesis (Eq 21) involved the monocarbamate 

o f  e t h y l  isourea i n  condensation w i t h  g - ~ h e n y l e n e d i a m i n e . ~ ~  

ac t i on  s t a r t i n g  from the isourea proceeded i n  70% o v e r a l l  y i e l d  f o r  the 

The one-pot re -  

0 
II 

N-C-OR 
I;'H C 1 C O 2 R  II 0-phenylenediamine 9 C H OC-NH2 

2 5  
C H -0C-NH2 

3 '  H 
R=CH 

C2H5 

2 3  

R = CH3 de r i va t i ve .  

formation from the 2-aminobenzimidazole where r i n g  acy la t i on  may compete. 

These compounds were reported t o  d i sp lay  fung ic ida l  a c t i v i t y .  

This method o f f e r s  a valuable a l t e r n a t i v e  t o  carbamate 

The most  w ide ly  observed type o f  c y c l i z a t i o n  reac t ion  occurs w i t h  po ly -  

func t iona l  a lcohols.  Reaction takes place i n  two steps i n  which isourea 
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SYNTHETIC APPLICATIONS OF ISOUREAS. A REVIEW 

format on produces the nuc leoph i l i c  n i t rogens  capable of subsequent i n t r a -  

molecu a r  displacement react ions.  Dabr i tz  has discussed many o f  these re -  

ac t ions  i n  de ta i l ; l '  

za t  i ons. 

selected examples are  included here o f  t y p i c a l  c y c l i -  

Esters o f  a-hydroxy acids (Eq. 22) r e a d i l y  formed isoureas copper- 

These compounds underwent immediate 
17 

catalyzed add i t i on  t o  carbodiimides. 

r ing-c losure  i nvo l v ing  es te r  group cleavage t o  g i ve  the 2-imino-4-oxazol i- 

dones i n  exce l l en t  y ie lds .  A re la ted  reac t ion  was observed i n w h i c h  un- 

R 
I 
I 

HO- C- C02R" 

R '  

R~ .U' R R' 

expected formation Of a six-membered r i n g  compound occurred i n  the attempted 

synthesis o f  N-alkoxamides from B-hydroxy acids.28 A t  the reac t i on  tempera- 

tu re  employed, the i n i t i a l l y  formed 0-acyl isourea rearranged to the N-acylu- 

rea (Eq. 23). Subsequent loss o f  cyclohexylamine gave the heterocycle as a 

s ide  product i n  the desired synthesis w i t h  the a,a-diphenyl de r i va t i ve .  

Other B-hydroxy ac id  de r i va t i ves  apparent ly d i d  no t  g i ve  appreciable amounts 

o f  the corresponding compounds. Th is  reac t i on  i s  unique i n  t h a t  CN-bond 

breakage w i t h  CO-bond formation on c y c l i z a t i o n  o f  isoureas i s  rare.  

Synthesis o f  several groups o f  isoureas from subs t i t u ted  alcohols con- 

t a i n i n g  2,3 and sometimes 4 carbon atoms between subs t i t u ten ts  o f t e n  l ed  t o  

5, 6, and 7-membered heterocycles as i n  Equations 24-26.'' The guanidine 
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MATH I AS 

formed in Eq 

loss of guan 

26 indicates the preference for the e 

dine from the intermediate. A related 

emination of  urea over 

reaction of hydroxyalky- 

loxiranes and the analogous oxetanes lead to opening of the 3-  or 4-membered 

oxygen rings by intramolecular nitrogen attack to give the 5- or 6-membered 
i l  

cyclic isoureas containing hydroxy substituents as shown is Eq. 27. 

Cyclic isoureas related to those shown in Eqs.  24 and 25 may be obtain- 

ed by an alternative method starting from the 8-hydroxyethyl- or 6-hydroxy- 

propylthioureas (Eq. 28) . 2 9  The intermediate carbodi imides were reported 

to be isolable, especially that of the 6-hydroxypropyl compound which took 

months to cyclize to the oxazine. While only the R=allyl derivatives b.:ere 

investigated, this procedure should be-genera! and complementary t o  that 

described by Dabritz.17 

Several other reactions of isoureas have been reported which take 
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SYNTHETIC APPLICATIONS OF ISOUREAS. A R E V I E W  

advantage o f  the  a c t i v e  nitrogens?' These include s u b s t i t u t i o n  v i a  sodium 

hypoch lo r i t e  o r  cyanamide, and a d d i t i o n  t o  o r  a t tack  on ac id  ch lo r ides .  D i -  

isocyanates lead t o  l i n e a r  polymers w i t h  repeat u n i t s  as drawn i n  eq. 29. 

None o f  these react ions,  however, has been ex tens ive ly  explored o r  developed. 

R" H H R" 
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