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AbSfrect - -  Phosphonitrilic dichloride cyclic trimer has been found to 

be an effective activating agent for the synthesis of oligopeptides 

containing N-terminal isoxazole-4-carboxamide groups. 

The family of antitumor, antibiotic, antiviral 4-aminopyrrole-2-carboxylare pep tide^,^ 

including netropsin and di~tamycin-A, has recently attracted considerable attention due to 

their ability to bind A-T rich regions of 8-DNA.~ Unfortunately, these natural products are 

roo toxic for or clinical application; therefore, we have initiated a program for 

site-specific drug delivery via the use of a promoiety.4 As our initial promoiety we have 

selected the isoxaeole-4-carboxamides. familiar to medicinal chemists in the oxaeillin class 

of anribiotic~.~ A promoiery could be especially useful if it could mask a key functional 

group, and thus improve drug delivery. However, it is also known that replacement of a 

pyrrole ring with imidazole or pyridine alters the A-T sequence binding specifity of netropsin 

and distamycin derivatives. Therefore, we were intrigued by the possibility of using the 

isoxazole as a synthetic hybrid intercalator-groove binder in an overall strategy of coupling 

G.C words and A,T words into sentences for recognition of sequences of 8-DNA. We present 

herein the synthesis of isoxazole prodrugs of netropsin and distamycin as well as structural 

evidence, based on a simple model system, that the isoxazole moiety holds significant promise 

in both respects. We had previously reported that the Schotten-Baumann reaction for the 

synthesis of isoxezole-4-carboxemides was mare efficient than the use of 

di~y~l~hexylcarbodi irnide  (DCC) .6 Limitations of the Schotten-Baumann arise due to the severe 

reacrion conditions required. For sterically hindered 3.5-disubsrirured isoxazoles the DCC 

coupling appears to stop at the acyl inine. Thus we desired an activating agent for direct 

coupling of aminopyrrole-2-carboxylates with isoxazoles which is efficient, yet sufficiently 

mild to allow for the toleration of a wide variety of functional groups. We now report that 
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we have examined the use of phosphonitrilic dichloride cyclic trimer ( N P C ~ ~ ) ~ . ~  and found that 

if meets the prescribed criteria for use in oligopeptide synthesis. 

The repeating unit used for this synthetic route. 4-amino-2-carboxy-1-methylpyrrole ( 6 ) .  is 

available in multigram quantities by lirerarure techniques, as shown in Figure 1. 1- 

Methylpyrrole (1) undergoes Friedel-Crafts acylation with trichloroacetyl chloride ( 2 )  to give 

the trichloroketone (3) in over 70 percent yield in one mole batches.14 Sodium alkoxide 

treatment provides the ester (4) in over 80 percent yield after disrillation. Nitration, 

however, gives only a 40 percent yield of ( 5 )  after the necessary recrystallizations. Even 

given this modest yield, 50 grams of nitro ester ( 5 )  are readily attainable in a single run. 

Hydrogenations are routinely performed in 10 gram batches. We have found that monitoring the 

reaction by tlc gives optimum results and the mine (6) can be used immediately for coupling 

via the phosphonitrilic dichloride route. In rhis manner multigram quantities of the 

isoxarole-monopyrrole (7) can be obtained. 

We then critically compared the synthesis of isoxarole-monopyrroles (7) by Shotten-Baumann and 

(NPC12)) methodology. Although the yields are comparable and synthetically useful for both 

processes ( c a .  80% after isolation and purification), the latter procedure is more convenient. 

Our experience with the formation of acid chlorides (8c)  from 3.5-disubstituted isoxazole 4- 

carboxylic acids (8b) is that the reaction is relatively slow, requires a large excess of 

thionyl chloride to proceed at a reasonable rare, and the product requires distillation for 

optimum results. 

In contrast, the use of (NPC12)3 eliminates the extra step required in acid chloride 

formation. gives rapid reaction (usually less than half en hour), and requires only stoichio- 

metric amounts of the activator. We then examined the usual iterative procedure for the 

synthesis of netropsin (10) and distamycin (12) congeners shown in Figure 2. This sequence of 

reactions demonstrates that the reaction conditions tolerate nitro groups and peptide link- 

ages. Figure 3 illusrrares the incorporation of end-groups capable of hydrogen bonding (the a 

series), and which also may senre as useful functional handles for formation of amidines (the 

b series). This can be readily accomplished both by iterative and convergent pathways as 

shown. All new products were characterized by CI- or FAB-ms and/or combustion analysis after 

purification to homogeneity by preparative tlc. We feel that rhis method represents a 

definite improvement over the previously reported methods, especially for hindered systems 

(e.g., the 3-phenyl-5-elkylisox~z01e-4-carboxylic acid), is convenient and relatively 

inexpensive (Shinnisso Kako currently offers the (NPC12)) at $70 per kilo), and can be scaled 





HETEROCYCLES, Vol. 31, No. 2, 7990 

up to mulrigran quantities. Thus, one of the critical bond forming reactions for further work 

in the developrwnr of iroxarolyl-prodrugs has been demonstrated by what we feel is an improved 

method. 

CRYSTAL STRUCTURE OF (7b) 

Figure 4 shows the thermal ellipsoids of the (7b). The crystallographic data is summarized in 

Table 2. As in other 3-phenylisoxazoles, the benzene ring is tilted vs. the isoxazole by 

31.2'. Both rings are planar with C(18) (-0.0094A, benzene) and N(1) (-0.0056A. isoxazole) 

showing the highest deviation from planarity. The conformation of the aide with respect to 

the isoxazole ring is such that the carbonyl oxygen is syn with respect to the C-5 methyl 

group. C(19), (C(3)-C(2)-C(4)-0(2) dihedral angle. -53.7') but anti with respect to the 3 -  

phenyl substituent and almost synperiplanar with respect to rhe pyrrole ring (-5.0'). On the 

other hand, the aide nitrogen, N(2). is anti with respect to rhe carbon-carbon double bond of  

the isoxazole C(3)-C(Z)-C(4)-N(Z) dihedral angle, (128.7') but syn relative to the carbon- 

carbon single hond (-53.5'). 

Both ester and amide show a high degree of delocalization, as evidenced by the C-0 and C-N 

hond lengths. The C(4)-N(2) bond length is 1.34A as compared to 1.32A for a typical double 

bond and 1.41A for a C-N single bond. The C(10)-O(4) ether hond length of the ester is 1.33A 

as compared to 1.19A for a double bond and 1.48A far a carbon-oxygen single bond. 

The carbonyl oxygen of the amide is in close enough proximity to one of the hydrogens of the 

isoxazole methyl group to allow hydrogen bonding (O(2) to C(19), 2.866). 

The ethyl group of the ester is disordered. Since the disorder only affected the ethyl group, 

it can be stated with confidence that the carbonyl group is virtually antiperiplanar with the 

pyrrole ring (0(3)-C(lO)-C(8)-C(7) dihedral angle 176.1') but completely synperiplanar with 

respect to the N-methyl group, C(9). Lists of atomic coordinates and isorropic thermal 

parameters. bond lengths, bond angler, anisotropic rhernal parameters, and H-atom coordinates 

are given in Tables 2-7. respectively. 

It has been found that substitution for pyrrole by other heterocycles (i.e., i m i d e ~ o l e , ~ ~  

pyrid~ne~~) changes the sequence specificity of the lexitropsin from A-T t o  G-C if the pyrrole 

C-3 hydrogen is replaced by e group bearing a lone pair. This had been earlier predicted by 

Dickerson based on irohelical analysis and the crystal structure of a netropsin- 

oligonucleotide complex.3d Rapoport had observed that methyl substituents at the pyrrole C-3 

reduced biological activity, presumably by interrupting the hydrogen banding required for 



Table 2 .  Crystal lographic Data far (7b) 

Formula 
Molecular weight 
Diffractorneter 
Crystal  c l a s s  
a ,  
b. 
C .  

a .  dgg. 
V, A  
2 
D ,  g  cm-I 
Space Group 

C19H19N304 
353 .38  
N i c o l e f  R3/m 
monoclinic  
23 .104  (14)  

7 . 1 4 4  ( 1 )  
25 .299  ( 8 )  
119.45 ( 3 )  
3636.25 
8 
1 . 2 9  

2 0 range, deg.  
no .  of measured r e f l e c t i o n s  
no. of unique r e f l e c t i o n s  

wi th  R 3o(F ) 
Largest  peaks on f i  a 1  

Fourier map, e - / ~  9 
R- 
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Table 3. Atomic coordinates and isotropic thermal parameters 

Equivalent isotropic U defined as one rhird of the trace of 
the arthogonalized tensor 

Table 4. Bond Lengths 



Bond Angles 
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Table 6. Anisotropic thermal parameters 

Table 7. H-Atom coordinates and isotropic 

X Y 

1749 8689 
339 6823 
1705 10844 
357 6090 
697 6771 
576 4629 

4345 6077 
-55 9817 
-501 8880 
-20 7649 

3549 6197 
4054 5116 
2950 4403 
2137 4479 
1195 15900 
1193 14619 
1859 16526 
2162 14535 
2128 15988 

thermal parameters 



minor groove binding.3f The crystal structure of the isonarole-pyrrale is noteworthy, since 

in the s-ci. conformation, it appears that the amide function would be shielded from the minor 

groove and, therefore, prevent hydrogen bonding to the A-T rich regions of double helical DNA 

until after metabolic release of the isaxazole. Further studies on the chemistry and biology 

of isoxaeoles are underway. 
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EXPERIHENTAL SECTION 

Phosphonitrilic dichloride cyclic triner was obtained from Shinnisso Kako Company and used as 

received. 3.5-Dimethylisoxarolecarboxylic acid was prepared according to McMurry and purified 

by s~blirnation.~ 5-Methyl-3-phenylisox~~o1e.4.e~rbbx~lic acid was obtained from ~ldrich and 

recrystallized from toluene before use. Ethyl N-methylpyrrole-2-carbbbylare was prepared from 

N-methylpyrrole essentially by the method of Bailey9 Ethyl 4-nitropyrrole-2-carboxylate was 

prepared according to ~rehn:" the corresponding acid was prepared according to Grokhovskii 

and co-workers.'' Reactions were performed under inert atmosphere, the inert gas was purified 

by percolation through activated BASF catalyst R3-11, followed by indicator Drierite. THF was 

distilled immediately before use from sodium and benzophenane. Chromatography was performed 

on silica gel on a Harrison Research Associates Chramafofron. Chromatography solvents were 

distilled prior to use. Hydrogenations vere performed in a Fischer-Porter aerosol dispersion 

tube with a pressure gauge/safety release valve assembly, according to Odle and ~e~edus.'~ 

Proton mr was performed either on a Jeol FX90Q at 90mz or on an IBM AF300 at 300 HHz. 20 

COSY, NOSY and CP-MAS were performed on the IBM. Mass spectra vere obtained on a VG Micronass 

7070 mass spectrometer. EI: electron impact; CI: chemical ionization; FAB: fast a t o m  

bombardment. Infrared spectra were obtained on a Digilab FTS-80 Fourier Transform ir, using 

diffuse reflectance or photoacoustic spectroscopy detection, unless otherwise indicated. 

Elemental analyses were performed by Desert Analytics, Tucson. AZ. Crystallography was 

performed at the Washington State University x-ray facility, as previously dercribed.13 
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~n aerosol dispersion rube was charged with ethyl-N-methyl-4-nirropyrr~1e-2-earboxylte ( 5 )  (9 

g, 45 mol), 10% palladium on charcoal (3 g) and dry THF (250 ml). The vessel was evacuated 

and placed under 50 psi of hydrogen, afrer 5 h rlc indicated the absence of starting material. 

The slurry was filtered through Celite, and the resulting solution was placed under a nitrogen 

atmosphere. To the solution were added rriethylamine (36 ml), 3.5-dimethyl-isoxazole-4. 

~ ~ r b o ~ ~ l i ~  acid (10 g in 20 ml of THF) and (NPCIZ)~ (17.5 g in 20 rnl of THF). The solution 

was allowed to stir for 20 h ,  after which rime the THF was concentrated invacuo. The residue 

was triturated with cold 10% aqueous hydrochloric acid (100 ml) and extracted with chloroform 

(5 x 100 ml). The combined organic extracts were washed wirh water (2 x 100 ml) and dried 

over anhydrous sodium sulfate. Filtration and concentration gave isoxazole-pyrrole-esrer (7a) 

as a solid (10.5 g, 80%). The product after extractive isolation is usually af suitable 

purity for subsequent synthetic steps. An analytical sample of (7a)  was obtained by 

chromatography on silica gel. Analytical data is shorn in Table 1. 

The I~oxazolepyrroleester (7a) (809.8 mg, 2.79 mmol) and 5N aqueous sodium hydroxide (1 ml) in 

60% aqueous ethanol (9 rnl) were warmed to 90'C for 45 mins, after which time tlc indicated 

absence of the ester (7a). The solution was cooled, the ethanol was concentrated invacuo. 

and the pH was adjusted to <2 with cold 10% aqueous hydrochloric acid. The resulting white 

solid was filtered and dried invacuo. The yield of iroxazole-pyrrole-acid (13) was 76% (559 

ng). Tlc (Si02) Rf 0.212 (EtOAc) mp 202-4'C. 

Nitro-pyrrole-propionnnifrile (lbb) (545 mg 2.45 mol) was placed in an aerosol dispersion 

tube with 10% Palladium on Charcoal (606 mg) and dry THF (50 ml). The vessel was evacuated 

and placed under 15 psi of hydrogen. After 20 h tlc indicated that reaction was complete, and 

che slurry was filtered through Celite and   laced under a nitrogen atmosphere. To the above 

solution was added isoxarole-pyrrole-acid (13) (502.7 mg, 2.139 mmol) in THF (20 m1); 

triethylamine (2 ml, 14 mml) and (NPC12)3 (855 mg, 2.5 mmol) in 20 ml of THF. The mixture 

was stirred for 2 h, affer which time the THF was concentrated invacuo, cold 10% aqueous 

hydrochloric acid was added (75 ml), and the mixture was extracted with chloroform (5 x 50 

mL).   he combined organic extracts were washed with water (50 ml), cold 2N aqueous sodium 

hydroxide (50 ml), water (50 ml) and dried over anhydrous sodium sulfate. The mixture was 

filtered, concentrated in and chromatographed on silica gel (ptlc. RE 0.25 (EtOAc)) to 

give the isoxarole-dipyrrole (17b) as * transparent glass (609 mg. 57% overall from nitro- 
pyrrole-propiononirrile (16)). FAB - R/Z 438 (relative intensity 2.91%. ~+l+); 368 (1.93), 

246 (5.96), 124 (5.5), 82 (2.2). 'H - Nmr 8.1 (brs,lH); 8.0 (br.~., 1H); 7.2 (d, lH, J-2Hz); 



7.15 (d, lH, J-2Hz); 6.8 (brs, 1H); 6.7 (d, lH, J-2Hz); 6.5 (d.1H.J-2Hz); 3.9 ( s ,  3H); 3.8 ( s ,  

3H); 3.4 - 3.6 (m, 2H); 2.6 (t, J-6Hz.2H); 2.55 (s, 3H); 2.4 (s, 3H). Ir - 3300, 3100, 2940, 

2240 cm-l (-CN) 1630. Anal. Calcd for C21H23N704: C. 57.66; H, 5.29; N, 22.4. Found: C, 

57.95;H. 5.02;N. 22.31. 
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