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Abstmct: Bi.wmhmc pmtaxed dcrivativeg of I-guanylpynwle were pmpmd and found to readily react with 
datively mrcdve amines at mom tempatum to pmduce bis-paacted guanidines in good yields. Simultan- 
eat3 nmoval of both protecting pups born these products effiientiy produced monos~tutul guanidines. 

This laboratory recently reported on the utility, scope and limitations of lH-pyraxole-lcarboxamidine 

hydrochloride (1, “1guanylpyraxole hydmc1oride”) as a reagent for the conversion of amines to 

monosubstituted guanidines and its use in the synthesis of arginine containing pcptides.1 This led to further 

studies of the relative reactivity and potential synthetic utility of substituted derivatives of 1. For example, 

although an N-ally1 derivative of 1 was found to be less reactive than 1, its use nonetheless led to a greatly 

improved synthesis of NGllyl-(L)-arginine,z a nitric oxide synthase inhibitor. 3 Diacyl substituted 

derivatives of 1 became very interesting, partly because of a recent report describing the use of acylated 

thioureas for the mild and efficient conversion of amines to pmtected guanidinesP and also because of the 

potential synthetic importance of such derivatives. Here we report the preparation and synthetic utility of 

NW-bis ptotected derivatives (2a.b) of 1 for the preparation of guanidines. Scheme 1 summarizes the work 

thus far accomplished with the N,N’-bis-Boc (2a)s and bis-Cbz (2b) derivatives.6 
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1 2a. RI: Boc 
2b, R= Cbz 

3a, R=Boc, R’= phen 
3b, R=Boc, RI= CF, E 

1 Sa, R’= phen 1 
Hs- Sb, R’= CFsf!Hs- 

3c, R=Boc, R’= p-nitrophenyl SC. R’= p-nitrophenyl 
4a, R=Cbx, R’= phenyl 
4b, R=Cbx, R’= CF,CHs- 

The bis-Cbx derivative 2b was noticeably more mactive toward amines than bis-Boc derivative 2a7 and 

both 2s and 2b were substantially more reactive than the unsubstituted parent compound 1. For example, 

both 2,2,2-trifluoroethylamine and aniline failed to produce guamdines by diilacement of pyraxole t%om 1 at 
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room temperature, conditions which allow facile conversion of 1 to guanidines by reaction with unhindered 

primary and secondary amines. In the case of 2.2.2~trifluomethylamine and aniline only the diguanidine 

self-condensation product of 11 was slowly formed. In contrast, urethane protected derivatives 2a and 2b 

reacted readily as expected with these relatively non-nucleophilic amines at room tempemtum. using slight 

excesses of amines in THP.8 to produce protected guanidines 3a,b and 4a,b respectively in good yields 

(Table 1).9 Because of methane protection, no self-condensation side-product was observed under the mild 

conditions employed for the reactions of 2a and 2b with these amines. 

Table 1. Results for Amine Guanylation by 2a and 2b. 

Roduct Reaction !ui&i msiWP 

3a 5 90 132-4 

3b 17 85 136-8 

3c 70 39 19Ob 

4a 2.5 96c 115-6 

4b 22 94 oil 

a. All melting points were taken on a Fisher-Johns hotplate apparatus and are unwrecti. 
b. Decomposes. 
c. Only in this case was the reaction quantitative as evidenced by TLC in the lime paiod indiiatcd. 

All bis-Boc protected guanidines (3a-c) nported were completely deprotected under typical conditions for 

Boc group cleavage to give monosubstituted guanidines Sa-c in good yields. Both Boc groups were 

smoothly cleaved from 3a-c by treatment with TPA:CH2C12 (1:l by volume) at mom temperature for 1-2 h.10 

These results are summarized in Table 2. Because the TPA salts of Sa and Sb did not readily crystallize. these 

guanidines were isolated as flavianate salts. 

Table 2. Results for Deprotection of N,N’-Bis-Boc Guanidines 3a-c. 

9h Yield IRJ2LPQ 

Sa 8Oa 225-7b 

5b 9oa 263-4b 

SC 83~ 214-5 

a. Yield of flavianate salt crystallized from MeOIWher. l 

b. Decomposes. 
c. Isolakd as TFA salt. 

The Cbz groups of 4s and 4b were cleanly and completely cleaved by catalytic.hydrogenolysis (Hz, 1 atm, 

10% Pd on carbon in MeOH or MeOHjTHP, 18-20 h, room temp.) to give free bases Sa and 5b as 

crystalline solids ( 5a. m.p. 85-6 Oc, Sb, m.p. 68-9 Oc) in essentially quantitative yields. 
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Bis-protected 1-guanyl pyrazole derivatives 2a and 2b were both readily synthesized from 1 via 

monourethane protected intermediates 6a and 6b as depicted in Scheme 2. Initial protection of 1 was 

Scheme 2 
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6a, R= Boc 

6b. R= Cbz 

R-HN AN-H 

Nti/THF 

k2b 

accomplished using (Boc)p-0 or benzylchloroforrnate in CH2Cl2/DMF plus DIEA (l-2 h. room temp.) to give 

good yields (89-9596) of crystalline 6a and 6b.11 respectively. The anions of 6a-b were generated at 4 Oc 

using NaH (3.5 mole NaH / mole 6) in dry THF. Further reaction of the anions with excess amounts of 

(Boc)~-012 or Cbz-OSu produced the bis-protected derivatives 2a-b in good yields (76% for 2a. 77% for 

2b) after extractive workup and crystallization.t3 

Interestingly, it was found that the monourethane protected derivatives 6a-b failed to react with 

cyclohexyhunine in DMF at room temperature after several hours. The same observation was made with the 

N-ace@ derivative of 1. In contrast, reaction of 1 with cyclohexylamine under the same conditions is rapid. 

Thus, monoacylation of 1 dramatically reduces its reactivity as a guanylating agent while diacyl derivatives 

have dramatically enhanced reactivity. Possible explanation for the observed relative reactivity involves 

consideration of differences in basicity and electmphilicity of these derivatives. It has been observed that 

protonation of 1 is required for its reaction with amines. Electrophilic activation of monoacyl derivatives by 

protonation is not as likely due to their reduced basicity. In the case of diacyl derivatives 2a and 2b. 

protonation for reaction is not required as the second acyl group can serve the same purpose as protonation but 

even more dramatically enhances electrophilicity and therefore results in greater reactivity. 

A recent practical application of 2a in this laboratory has been the synthesis of Fmoc-ArgWr(Boch- 

OH,14 which has been recently reported to be a valuable intermediate in the synthesis of arginine containing 

peptides. Reaction of Cu(II)-omithine complex16 with equimolar 2a in formamide/p-dioxane mixture at 

mom temperature provided Cu(B)( ArgMJ’(Boc)& in 90% yield. Subsequent acylation of this copper 

complex with Fmoc-OSu in the presence of EDTA/NazHCo3/acetone provided Fmoc-Argosd(Boch- 

OH in 75% yield. 

In summary, two bis-urethane protected (Boc. Cbz) derivatives of 1-guanylpyrazole were easily prepared 

and found to be more reactive than 1 as reagents for amine guanylation. These derivatives can serve as 

valuable synthetic tools where the guanylation of relatively unreactive amines under mild conditions is required 

and thereby can compliment the use of 1 for amine guanylation. These derivatives also can serve as versatile 

synthons in the formulation of schemes for the synthesis of complex guanidine containing compounds, 
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Appropriate tninor moditication of the methodology tepotted here is likely to give rise to the synthesis of other 

useful bis-protected guanidines. 

Because various types of mono, di, and tisubstituted guanidines ate of potential pharmacological interest, 

the synthesis of I-guanylpyrazole derivatives having various types of substihlents is in progress. Studies of 

such derivatives will also be useful in establishing what factors affect reactivity and should provide additional 

mechanistic insight. 
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