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C-Phosphorylation of 2-thiazolylformamidines by phosphorus tribromide was studied. It 
was shown that the 1,3-diazabut-l-enyl (formamidinr substituent can be used as both an 
activating and protective group. 5-Phosphorylated thiazoles containing either a formamidine 
fragment or an amino group were obtained. Some properties of the compounds synthesized 
were studied. 
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Polyfunctional organic systems containing both phos- 
phorus and nitrogen ft, nctions have become available 
mostly thaqks to M. 1. Kabachnik's and Fields" works.n,z 
These compounds are of increasing interest because of 
their biological activity 3 and complexing properties. 4 
That is why further development of the new approach 
found by us, viz., the synthesis of such compounds by 
electrophilic phosphorylation of N~,N~-dimethyl-N 2- 
hetarylformamidincs with phosphorus(ul) halides, seems 
to be quite promising. 5,6 

In the present work, we study the possibility of using 
NLNl-dimethyt-N%(thiazol-2-yl)fomlamidine ( I t )  and 
some of its derivatives in electrophilic phosphorylation of 
heterocycles. The e lec t ron-donor  properties (~~ = 
-0.25) 7 of the 3-methyl- 1,3-diazabut- l-enyl substituent 
(hereinafter referred to as fonnamidiqe) favor electro- 
philic introduction of a phosphorus-containing frngment 
into the thiazole ring at position 5 (activated by this 
sttbstituent). Such an approach is convenient for synthe- 
sizing difficultly available and poorly studied 5-phospho- 
rylated thiazole derivatives, obtained earlier only with the 
use of organolithium reagents 8 or by heterocyclization. 9'1~ 

Thiazolyllbrmamidines la,b were C-phosphorylated 
with phosphorus tribromide in pyridine at room tem- 
perature for 4 h (Scheme 1). 

Because amidines arc more basic than pyridine, nt.t2 
the resulting dibromophosphines exist in the reaction 
mixture in the form of salts, which are mainly precipi- 
tated. Under the action of an excess of triethytamine. 
these salts arc transformed in situ into the corresponding 
dibromophosphines 3a,b, key compounds for organo- 
phosphorus synthesis. Addition of triethylamine alter 
completion of the phosptlorytation substantially sup- 
presses the occt, rrence of side reactions, including phos- 
phory, lation of the azomethiue carbon atom, t3.14 be- 
cause of a higher basicity of the reaction medium. 
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a: R = H, NR 2' NM_/O ; b: R = H, NR 2" = NEt2; 

c: R = Ph, NR 2' = NEt 2 

It should be noted that dibromophosphines 3 are 
poorly soluble in common organic solvents except for 
pyridine, which is due to their strong intermolecular 
association. Nevertheless, compot, nd 3 was adequately 
soluble to be sit, died by 1H and 3tp NMR spectroscopy, 
tznlike ilnidazolyldihalophosphines, which are cyclic 
amidines and exist as very strong intermotecular associ- 
ates so that only their derivatives can be specified. 15 
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Reactions of dihalophosphines 3 with secondary amines 
yield the corresponding diamidophosphonites 4, which 
further react with st, lfur to give diamidothiophosphonates 
5 (see Scheme I). 

Thiazol-2-yl iminomethyhnorphol ine  6 undergoes 
similar transformations (Scheme 2). which shows thai 
hetarylformamidines with a dimethylamiuo group at the 
iormamidine carbon atom are not the sole compot, nds 
to be used in this reaction. It should be emphasized that 
the reactivity of the substrate decreases when the 
dimethylamino group in the formamidine substituent is 
replaced by a morpholine one. 

Scheme 2 
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2. NEt~ 
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When the most reactive N t , N I - d i m e t h y I - N 2 - ( t h i a z o l  - 
2-yl)formamidine la is phosphorylated, three thiazole 
fragments can be attached to one phosphorus atom 
(Scheme 3). 

Reactions of compound 4a with Mel and azides were 
studied (Scheme 4). Both of them involve the phospho- 
rus atom of a molect, le to give phosphonium salt 9 

Scheme 3 

c S . .  i .N=CH_NMe2 1/3 PBr3, / S R /N-.~CH--NMe,, ~ 

-NEt:] �9 HBr , / ,3 

l a  8 

instead of an amidJnium salt (reaction with Mel) or 
phosphazo compounds !0 and i l  accord ing [o {lie 
Staudinger reaction rather than products of cyctoaddi- 
tion to the amidine fragment of a molecule (reaction 
with azides). 16 

When diamidophosphonite 4a reacts with an awlazide 
bearing two electron-acccptor substituents, one can iso- 
late azophosphazo compound 12. Chlorination of 4a 
with hexachloroethane results in chlorophosphonium 
chloride 13, whose hydrolysis gives diamidophosphonate 
14 (Scheme 5). 

Phosphine 8 was found to be quite resistant to 
oxidation. For example, it does not react with pyridine 
N-oxide and can be transformed into the corresponding 
phosphine oxide 15 only by heating with an excess of 
DMSO in D MF  for several hours (Scheme 6). 

It is known that the amidine substituent easily reacts 
with various nitrogen- and oxygen-based nucleophiles. 
The lbm~er type reactions yield transamination prod- 
ucts, while the latter type ones result m hydrolysis 
products. 17 Alten3atively, compound 7 can be synthe- 
sized by reaction of 5a with morpholme (Scheme 7). 

Because the amino group can undergo soft transfor- 
mation into the amidine group (by reaction with DMF 
dimethyl acetal or the Vilsmeicr reagent), whose alkaline 
hydrolysis gives back the initial amines, the amidine group 
may be used as a protective function in electrophilic 
phosphorylation. Phosphorytated hetarylformamidines 

Scheme 4 

N Me IQ 

9 

AyN3~ 
J 

10 (R = H), 11 (R = NO z) 

p _....,/S -,,.,/N = C H-- N M e 

4a 

ArN3~ 

B r . . . ~ / N  O,, 

" - .p~. / /S.  N=CH--NMe.> 

: J  
12 



C-Phosphoryla ted  / ' , '2-2-thiazolyllbrmamidines Russ. Chem.Bull., l'bl. 4S, No. 7. July, 1999 t 343 

Scheme 5 
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containing both a pentavalcnt phosphonm atom (Sa,b, 14) 
',rod a trivalent one (8) were transtornted into the corre- 
sponding amines (Schemes 8 and 9)- 

It was shown with a reaction of  compound  16a with 
b romoace tone  as an example  that 5-phosphor) ' lated 
2-aminoth iazoles  can ttndergo heterocycl izat ion (the 

Scheme 8 

X X 
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X = S (5a,b,  16a,b),  O (14,  17); 

R2N = NL_./O (5a, 16a, 14, 17), Et2N (Sb, 16b) 

Scheme 9 
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8 18 

Chich ibab in  reac t ion  21) to give 2 - p h o s p h o r y l a t e d  
imidazo[2, I -b] th iazoles  19, which cannot be obtained 
by direct phosphorylat ion (Scheme 10). 

Scheme 10 
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19 

Thus,  tile amidine  substituent was shown to be used 
successfully as both an activating and protective group in 
electrophil ic  phospho~ylation. The possibility of  synthe-  
sizing new polyfimctional  organic systems conta in ing 
the phosphorus and nitrogen functions was d e m o n -  
strated with the model  thiazole system as the example.  

Experimental 

3tp and IH NMR spectra were recorded on a Varian 
VXR-300 instrument (131.31 and 300 MHz, respectively). 

NI,Nt-DimethyI-N2-Ithiazol-Z-yl)formamidine ( la)  and 
Nt,Nt'dimethyI- N2-( 4-phenylthiazol-2-yl)forroamidine (lb). 
DMF dimethy[ acetal (0.012 tool) was added to a solution of 
2-aminolhiazole or 2-amino-4-phenytthiazole (0.01 moO, re- 
spectively, in 20 mL of anhydrous methanol. The reaction 
mixture was refluxed for 5 h and then concentrated to dO'hess. 
The product was purified by distillation bt vacuo: la, b.p. 
140--142 (15 Torr); ib, b.p. 155--157 (15 Torr). 

[2-(3-Methyl- 1,3-diazabut- l-enyl)thiaz.ol-5-ylldibromo- 
phosphine (3a) and [2-(3-methyi- l ,3-diazabut-l-enyl)-  
4-pheuylthiazol~S-yl]dibromophosphine (3b). PBr 3 (0,0t rood 
was added to a solution ofamidine la (or lb) (0.0l tool) in 
15 mk of pyridine (25 ml. in the casc of lb). The reaction 
illiXltlre ,,,.'as shaken :lt 10 ~ for l0 nlin alld kept for 4 h. 
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Table I. Physicochemical constants and data of elemental analysis and 31p NMR spectroscopy 

Compound M.p./~ Yield (%) Found (%) Molcct,lar 
Calculated formula 

Br or I N P S 

31p NMR, 8 

la 36.5--37.5 92 

Ib 85--86 91 

3a II0--111 76 

3b 126--127 79 

4a Oil 75 

4b Oil 79 

5a 172- - t735  90 

5b 63--65 93 

5c 117--117.5 88 

6 II8--120 80 

7 157--159 60 
(transamination: 86) 

8 211--213 69 

9 192--t94 85 

10 155--156 79 

I1 157--158 84 

12 108 62 
(decomp.) 

14 95--97 73 

15 157--158 70 

16a 167--168.5 q0 

16b 136--137 94 

17 245--246 63 

18 222--224 91 

19 232--234 36 

-- 27.07 -- 
27 07 

- -  L t t ~  - 
18.17 

46..40_ 12.12 8.96 
4(}.32 12.1.8 8.98 

) 7~9,9_ ~ 7_32 
37.95 9.98 7.36 

- _~..5_0. U_3 
19.59 867 

- 2L.32 ~.!0_ 
21.26 9.40 

- 1 7 ~  7 .99  
17.98 7.95 

- .L9._28 ~6_~ 
19.37 8.57 

-- 1609 7131 
16.00 7.08 

- LI ._35 - 
21.30  1626 

16.10 "7 ~ 
t6.23 7.18 

- -  25~49 6.34 
25.54 6.27 

25.AA 14.00 6=16 
25.43 14.02 620 

- t~ .6t  6 .8~  
18.74 6.91 

- 1~. 9_3_, 6 .23 
19.87 6.28 

13.31 20.84 S=2__3 
13.43 20.99 5.16 

- -  !_8._6~ .~3_.33 
18.75 8 29 

- 2!~.6_5_ 6 15 
24.75 6.08 

-- 3.6__._62 9_.)4 
16.75 9.26 

- 18.. 2_t) LO. 09_ 
18.28 I0.I I  

-- 17.51 9~7Q9 
17.60 9 1 7 3  

- -  ~ _ 7  9 53 
..)._ 9 43 

! ~ [ I  [73_=~ 0 7.35 
18.96 1Y30 7.22 

20.67 C6H9N3S 
20.66 

13.82 CI2ttl3N3 S 
13.86 

9_~2Q C6HsBr2N3PS 
9.29 

7.57 CI2H 12Br2N;PS 
7.61 

888 CI4H?4NsO2PS 
8.97 

9_.7_9_0 CI41128NsPS 
9.73 

16.40 CI4H24NsO?PS 2 
16.47 

1Z._6..~ CI4H28NsPS 2 
17.74 

14.77 C20H32NsPS2 
14.65 

L6 =?;t) C s t t  i t N 3OS 

1.4~4 CI6H26NsO3PS 2 
14.89 

.[1}. 5_=q. CIgH24NgPS 3 
1949 

6=}7 CIst1271N502PS 
6.42 

7Q J_ C 7:0 H ,,,~ N t,O _, PS 
7.15 

6 ._5.8_ C201128N704PS 
6.50 

5.40 C2,aH 27BrNgO4 PS 
5.38 

8=6_4 Cf4H24N5()3['S 
8.59 

[8~9_4 Cl~H24NqOPS 3 
18.88 

I_~.QT__ Ci l t t  DN,~O2PS2 
19.18 

213..81! CIIH23NaPS 2 
2093 

[ 0_,_0 _1. CtlHtgN403PS 
10.07 

29 17 CgHgN~PS 3 
29.29 

[ .5:_05 CI.dI2zBrN4PS 2 
15.22 

I 

125.9 (CsItsN) 

129.7 (CsftsN) 

82.4 (C6Ho) 

82.4 ICsHsN) 

64.6 (CHC13) 

65.3 (CoH~) 

62.3 (C~,H6) 

648 (CItCI~) 

--62.2 (CsHsN) 

43.4 (d,  
JPHIMc) = 14.1 Itz) 
(CH3CN) 

4.7 {MePh) 

6.5 (C61-16) 

33.4 (Ctt3CN) 

18.8 (C6H 6) 

1.1 (DMF) 

64.9 (MeOll )  

65.7 (McOH3 

20.2 ( M e 0 H )  

--61.1 (McOHI 

607 (CIIC153 

Then. NEt 3 (0.02 mot} was added. After 20 rain, tile salts that 
Ibrmed were filtered off and washed with benzene. Tile fihrates 
were eombbled and concentrated to dryness. Dibromo- 
phosphines were recrystalli:,ed from octane. 

[ 2 - ( 3 - M e t h y l -  1 , 3 - d i a z a b u t - l - e n y l ) t h i a z o l - 5 - y l ] d i -  
m o r p h o l i d o p h o s p h o n i t e  14a)  and  [ 2 - ( 3 - m e t h y l - l , 3 - d i a z a b u l -  
I - e n y l ) t h i a z o l - S - y l J t e t r a e { h y l d i a m i d o p h o s p h o n i t e  (4b) .  NEt-.  
(0.03 molt alld the corR'~;ponding scconda/2:' amine 10.021 tool) 
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R"~S....~. - Y N =CH -N R,., 

Table 2. Itl N M R  spectra/ data lot conlpot, nds I, 3--12,  14, 15 / ~ - ~  
R' 

Corn- Solvent 8, J/ l tz  
pound N R? N = C H  R' R" 

la (CD3)2CO 315 (s, 3 H); 8 32 (s, I It) 724 (d, I H, 
3.01 {s, 3 tt)  "/34 = 36)  

ib CDCI 3 3.10 (s, 3 H); 8.26 (s, 1 H) 7.89 (d, 2 | t ,  
3.t19 (s, 3 II) o-Cl t ,  J = 8.4); 

7.37 (t, 2 H, 
m-CH); 

7.26 (t, I I I ,  
p -CH,  .I = 6.6) 

3a Cr 6 233 (s, 3 H); 8.08 (s, I H) 7.24 (d, 1 tl ,  
1.82 (s, 3 H) J3..H.4-14 = 3.2) 

3b C~D o 2.31 (s, 3 H}; 8.02 (s, I H) 7.86 (m, 2 H, 
1.76 (s, 3 H) o-H); 

7.0--7.2 (m, 3 H. 
re,p-H) 

4a CDCI 3 3.05 {s, 3 H); 8.22 (s, I H) 7.20 (s, 1 I-t) 
3.08 (s, 3 H) 

4b CDCI 3 3.06 (s, 3 H); 8.25 (s, I H) 7.15 (s, 1 H) 
3.08 (s, 3 H) 

5a CDC13 3.15 (s, 3 H); 8.34 (s, I H) 7.85 (d, I tt ,  
3.11 (s, 3 ll) J3-P = 5.11 

5b CDCI 3 3.22 (s, 3 H); 8.40 (s, 1 H) 7.69 (d, I It, 
3.06 (s, 3 H) J3-P = 54) 

5c CDCI 3 309 (s, 3 tl);  8.33 (s, I H) 7.89 (d, 2 It, 
3.11 (s, 3 H) o-CH, J = 8.4); 

7.37 (t. 2 tl ,  
m-Clt) ;  

7.26 (t, l H, 
p-Cl-l, J = 0.6) 

7.34 (m, I H) 6 CDCt 3 3.75 (m, 6 H); 8.28 {s, I H) 
3.46 (t, 2 II) 

7 CDCI 3 3.77 (m, 6 H); 8.38 (s, I It) 
3.51 (t, 2 H, 
J = 5.4/ 

8 CD3SOCD 3 3.10 (s, 3 H); 8.18 (s, I 11) 
3.07 (s, 3 H) 

9 CD3CN 3.18 (s, 3 H); 8.43 (s, I H) 
3.09 (s, 3 H) 

10 CDCI 3 3.14 (s, 3 tt);  829  (s, I H} 
3.11 (s, 3 H) 

1] CDCI 3 3.16 {s, 3 H); 8.33 (s, I tl)  
3.t2 (s, 3 H) 

12 CDCI 3 318 {s. 3 H); 8.39 (s. 1 H) 
3.14 (s. 3 I t )  

14 CDCI 3 3.15 {s, 3 H); 835 {s, I tt) 
L l l  {s, 3 H) 

15 CD:SOCD~ 300 is, 3 II); 827 (s, I tt) 
3 12 (s, 3 II) 

7.85 (d, I I I ,  
J~.e = 5.11 

7.49 (d, l H, 
J3-P : 4.8) 

7.91 {d, 1 II, 
J3-P = 5.1) 

771 {d, I H, 
J3-P = 4.5} 

7.72 (d. 1 tl ,  
J3 p :- 4.8) 

7.85 {d, I tl .  
J3.), = 5.11 

7.76 (d, I It. 
J;_p : 5.1} 

7.44 {d. I It. 
J3-P =4 N~ 

6.89 (d, l H) 

6.98 (s, I Ill 

3.66 (t, 8 H, CH20,  Y = 4.5): 
3.10 (m, 8 H, CH2N) 

1.08 (t, 12 H, Me, J = 7): 
3.14 (m, 8 H, Clql) 

3.67 (t, 8 H, CH20,  d = 4.5); 
3.12 (m, 8 H, CH2N) 

1.08 {t, 12 H, Me, d = 7): 
3.16 (m, 8 It, CH 2) 

1.04 (t, 12 H, Me. d = 69);  
316 (m, 8 I I ,  CH 2) 

6.82 (m, 1 H) 

3.67 (t, 8 t t ,  C1-120, d = 4.5): 
3.12 (m, 8 H, CH2N) 

3.67 (t. C t l20  , 8 It, J = 4.5); 3.19 {t, 8 H, CH2N); 
2.30 (d, 3 H, Me, JHP = 14.11 

3.64 (t, 8 H, CH20,  J = 4.5); 3.18 (t, 8 tl ,  CH2N); 
6s  (d. 2 14, o-CH, J = 8.11:, 7.12 (t, 2 H, m-CH);  
6.73 (t, 1 H. p-CH,  J = 6.6) 

3.66 (t, 8 tl. C t l20 ,  J = 4.5); 3.18 {t, 8 H, Cll2N):  
675 (d. 2 14, o-CH,  J = 8.7); 
802 (d, 2 H, m-C[-t, J = 8.7) 

3.68 (s, 8 H, CH20);  3.29 (s, 8 H, CI-12N); 
7.47 (d, 1 H, o-CH. J =91;  8.11 (d, l I1. m-CI t .  
J = 9): 8.51 (s, 1 t1, m ' - C H )  

3.65 (t. 8 H, (;I"120, J = 4.5): 
3 15 (m, 8 H. CH2N) 
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Table 3. IH N M R s p e c t r a l  data 05) o f  compounds  16--18 

1 

3 R .S .NH2 

H 
2 

C a m -  Solvent I H N M R 
pound NH 2 CH R 

16a CDCI 3 1.701s, I 1t): 5.45 (s, I 1t) 7 .35(d ,  I H. JHP = 5.1) 3.68 (t, 8 H, C H 2 0 ,  J = 4 . 8 ) ;  3 . 12 (m,  8 H, CH2N) 
16b CDCI 3 5.53 (s, 2 H) 7.47 (d, 1 H, JHP = 5.4) 1.09 (t, 12 H, Me, J = 7); 3.14 (m, 8 H, CH2N) 
17 CDCI 3 6.89 (s, 2 H) 7.35 (d, 1 t t ,  JHP = 4.5) 3.58 (t, 8 H, C1-120, J = 4.5); 3.08 (m, 8 H, CH?N)  
18 C D x S O C D  3 7.30 (s, 2 H) 7.08 (d, 1 H, JHI' = 51)  -- 

were added to a filtrate conta in ing  phosphine  3a (obtained 
from amidine  la as described above). After 90 rain, the salts 
that formed were filtered off  and washed with benzene.  The 
filtrates were combined ,  concentra ted  to d~5;ness itt vacua 
(when concent ra t ing  4a, overheat ing should be avoided, other-  
wise t r ansamina t ion  with excess morphol ine  takes place), dis- 
solved in benzene ,  decanted  (it is convenient  to carry out the 
synthesis  o f  c o m p o u n d s  9 - -14  with a benzene extract o f  4a 
because o f  lesser purif icat ion losses for the corresponding 
products) ,  and again concent ra ted  to dryness.  The products 
were purified by extract ion with anhydrous  hexane (4b) and 
hot octane (4a). 

[2-(3-Methyl- 1,3-diazabut- I -enyl) tbiazol- 5-yl]dimorpho- 
lidothiophosphouate (Sa) and 2-(3-methyl-l,3-diazabut-l-enyl)- 
tetraethyldiamidothiophosphonate (5b). Sulfitr (0.001 real) was 
added to a solution o f  amidc 4a (4b) (0.001 real) in 4 mL of  
benzene. The  reaction mixture was vefluxed for 3 h, then 
c~x~led, and concentrated.  The products were purified by recrys- 
taltization from propan-2-ol  (5a) and hexane (Sb). 

[2-(3- Methyl- !, 3-diazabut- I -enyl)-4-phenylthiazol- 5- 
yl]tetraethyldiamidothiophosphonate (5c). P g r  3 (0.01 tool) was 
added to a solut ion o f  amidine  lb (0.01 real) in 15 mL  of  
pyridine. The reaction mixture was shaken at 10 ~ for 10 rain. 
After 3 days, NEt  3 (0.04 real) and the corresponding second-  
ary anaine (0.021 real) were added.  After 90 rain, thc salts that 
formed were filtered o f f a n d  washed with benzene.  The filtrates 
were combined  and concent ra ted  to dryness in vacua. After 
addit ion o f  benzene  (40 mL)  and  sulfur (0.01 m o l l  the mix- 
rare was refluxed for 3 h and concentra ted  to dryness.  The 
product  was recrystallized from octane.  

(2-Morpholinomethaniminot hiazo1-5-yl)dimorpholidothio- 
phosphonate (7).  PBr 3 (0.01 tool) was added to a solution of  
amidine  6 (0.01 tool) in 15 mL  of  pyridine. The reaction 
mixture was shaken  at I0 ~ for I0 rain. After 24 h. NEt  3 
(0.04 real) and the corresponding secondary amine (0.021 mot) 
were added. After 90 rain, the salts that formed were filtered 
off and washed with benzene.  Finely ground sulfur (0.01 real) 
was added to the mo the r  liquor, and the mixture was refluxed 

"for 3 b and Concentrated to dryness  i n  vacubl T he  produi:t Was 
recrystallized from propan-2-o l .  

Thiaznl-2-yliminomelhylmo~holine (6) and (2-morpholino- 
methaniminothiazol- 5-yl)dimorpholidothiophosphonate (7) 
(transamination). Morphol ine  (0.06 real) was added to a solu- 
tion o f  la  ( o r 5 a )  (0.0l real) m 15 m k  of  toluene 140 ml .  in 
the case o f  5a). The  reaction mixture was relhtxed until 
d imclhy lamine  ceased to evolve anct then concentrated to 
dryness.  C o m p o u n d  6 was crystallized from toluene (higher 
yields can be at tained upon crystallization f lom large amotalt>, 
of  octane).  Product 7 was purified by recrystallization from 
t)l'~ ~l)it II - 2 - a t ,  

Tris[2-(3-methyl- I, 3-diazabut- 1 -enyl)thiazol-5-yl ]#los- 
phine (8). PBr 3 (0.01 real) was added  to a solut ion o f  a m i d m e  
la (0.03 real) and NEt 3 (0.12 real) in 45 m L  o fpy r id ine .  The 
reaction mixture was shaken at 0 ~ for 10 rain. After  4 days,  
the product  admixed with salts was fil tered off. Tile precipitate 
was washed with benzene ,  and the sal ts  were eluted with water. 
Phosphine  8 was purified by recrystal l izat ion from M e C N  

[ 2 - ( 3 - M e l b y l -  1 , 3 - d i a z a b u t -  l - e n y l ) l h i a z o i - 5 - y l ] d i -  
morpholidomethylphosphonium iodide (9) ,  Mel  (0.001 real) 
was added to a solution o f  c o m p o u n d  4a (0.001 real) m 4 m L  
of  benzene.  After 5 days, the p roduc t  was filtered off, washed 
with benzene,  and reerystallized f rom propan-2-o t .  

[2 - (3-Methyl -  1,3-diazabut- l - eny l ) th iazo l -5 -y l ld i -  
morphotido(phenyl)iminophosphonate (I0) and [2-(3-methyi- 
1,3-diazabut- l-enyl)thiazol- 5-yl]dlmo~holido(p-nitrophenyl)- 
iminophosphonate (11). Azide (0 .00l  real) was added to a 
solution of  c o m p o u n d  4a (0.001 real) in 4 mL  of  benzene.  
The reaction mixture was kept for 1 h, refluxed for 3 I1, and 
then concentra ted  to dryness.  The  produc t  was recwstall ized 
from propan-2-ol .  

[ 2 - ( 3 - M e t h y | - l , 3 - d i a z a b u t -  1 - e n y l ) t h i a z o l - 5 - y l ] d i -  
morphol ido(4-n i t ro -2-bromophenylazo) iminophosphonate  (I 2), 
Azide (0.001 mol) was added to a so lu t ion  o f  c o m p o u n d  4a 
(0.001 mol) in 4 mL  of  benzene.  At)or 2 days,  the product  was 
filtered off  and washed with benzene .  

[2 - (3-Methyl -  1,3-diazabut- l - eny l ) th iazo l -5 -y l ]d i -  
morpholidophosphonate (14),  C2CI 6 (0.00l  tool) in the form 
of  a saturated solution in hexane  was  added  to a solut ion ol" 
c o m p o u n d  4a (0.001 real) in 7 niL o f  benzene .  After 2 days,  
ch lo rophosphon ium cMoride 13 was filtered off  with precau-  
tions against moisture access, washed  with hexane,  and dis- 
solved in CH2CI 2. Na2CO 3 (0 .003 real) and  then  H20  
(0.0011 real) were added. The reac t ion  mixture was stirred 
with a magnet ic  stirrer for 6 h. The  product  was filtered off, 
concent ra ted  to dryness,  and rec~ 's ta l l ized from EtOAc. 

Tris[2-(3-methyl- 1,3-diazabut- 1 -enyl)thiazol-5-yl] phos- 
phine oxide (15).  DMSO (0025  real)  was added to a solution 
o f  c o m p o u n d  8 (0.001 real) in 4 m L  of  D M F .  The  reaction 

" mixmizewiis kept a t  140 ~ 15 h a n d  then c0ncen~rated t O  
dryness in vacua. The product  was recrystall ized from priOH. 

(2-Aminothiazol-5-yl)dimo~holidothiophosphonate (16a), 
(2- aminothiazol-5-yl) tetraethyldiamidothiophosphnnate (16b), 
(2-aminothiazol-5-yl)dimo~holidophosphonate (17), and tris(2- 
aminothiazol-5-yl)phosphine (18).  K O H  (0.001 m o l ) a n d  H ,O  
(() 016 mot) were added to a so lu t ion  o f  anaidine 5a (Sb, 14, 
or 8) (0.001 inol) in methanol .  T h e  reaction mixture was 
refluxed for 6 h (5a.b and 1 4 : 2 0  h in the case o f  8) and 
concentra ted to d ~ n c s s  M vacua. T h e  products  were purified 
by recrystallization from t4,O (16a  and 18L cyclohcxaue 
(10b), and D M F  (17) 
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2-(6- Methylimidazo[ 2, l-b]thiazolyl)dimorpholidothio- 
phosphonalte (19). Bromoacctone (0.001 tool) was added to a 
solution of compoutld 16a (0.001 tool) in 8 mL of acetone. 
After 24 h, the reaction mixture was concentrated to dryness, 
and PriOH (15 mL) was added. The resulting solution was 
refluxed for 8 h and then concentrated to d~ness.  The prod- 
uct wasrecrystallized f romCHCl  3. IH NMR(CDCI3) ,6 :2 .57  
(s, 3 H, Me); 3.18(m, 8 H, CH2N); 3.72 (t, 8 |1, CH~O,J  = 
4.5 Hz); 7.89 (s, 1 H, CLICMe); 8.73 (d, 1 H, CHCP. JHP = 
57  Hz). 
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