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Abstract: An efficient synthetic method for the preparation of
disubstituted guanidines is described. Primary and secondary alco-
hols were treated with guanylating agents under Mitsunobu condi-
tions and their subsequent reactions with amines provided
disubstituted guanidines.
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During the course of our investigation in the area of anti-
coagulation,! we required afacile synthetic method for the
preparation of N,N’-unsymmetrical
guanidinedl (Scheme), which is applicable to solid phas
synthesig.
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Although there are a variety of synthetic methods ava
able to prepare monosubstituted guanidiifefew meth-

ods have been developed for the synthesis of disubstitu 8

guanidines$:®* One general approach toward this type ¢
compound involves the alkylation of the monoalkylate
guanidine3 which, in turn, is prepared from the reactiol
of amines with the guanylating age@tsand2b (Routea

6
of Scheme}. The known procedure appears unattractiv
to apply to solid phase synthesis due to the harsh react 7

conditions. We envisioned that alcohols (R'OH) could k
used as the alkylating source to prepare the guanylat
agent4 by use of the Mitsunobu conditiohand subse-
guent reaction with amines under mild conditions to a
ford the disubstituted guaniding&gRouteb in Scheme).

disubstitutedg

result, we prepared thiopseudourébsic, and4d (Entry
2, 3 and 4) by using thioure2h, or pyrazole derivativée
(Entry 5) by usinga’ from several different alcohoi.
m-nitrobenzyl, mm'-dinitrobenzyl, and allyl alcohol in
good to excellent yields.

Additionally, we investigated secondary alcohols. Several
secondary alcohols including (S)-methyllactate were used
for this purpose. The expected thiourd&gEntry 6),4i
(Entry 9) and pyrazole derivativdg (Entry 7),4j (Entry

10) were obtained in moderate yields, presumably due to
steric interaction.

-Amino alcohols were reacted wifta or 2b under the
ame reaction conditions to provide cyclic guanidine de-
rivatives5a (Entry 11) andbb (Entry 12) presumably via
the mono-alkylatedk and4l (Eq. 1). However, when N-
Boc-N-methyl aminoethanol was treated wiih under
the same reaction conditions, the desthadvas obtained

in 92% vyield (Entry 13 and Eq. 2).

Table: Preparation of Monosubstituted Guanylating Reagent

NBoc
NBoc
BocHN™ ~X  Alcohol (ROH), PPhg NBoc
N R. X or BocN NP
2a: X= N} DEAD, THF, Boc \—(H’
2b: X= SMe 4 5
Entry Alcohol Reagent Product Yield(%)
. M OH 2b 4aR,R'=H 87
2. 2b 4b: R'=H, R"=NO, 100
A R" 2b 4c: R',R"=NO, 70
4. 2b 4d 100
/\/OH
5. 2a 4e 86
2b af 51
BocN/\:>fOH
2a 49 39
8. B 2b 4h: R=H 35
9. MeO\n/'\OH 2b 4i: R'=Me 32
10. o 2a 4j: R'=Me 54

5a (4k): P=Cbz, R'=Bn 81

In order to test this approach, commercially available bi 1 R 2a
Boc-thiopseudoure2b was treated with benzyl alcohol in 12. PHNJ\/OH 2b  5b(4l):P=Boc,R=H 90
the presence of PPland DEAD (Table). The desired

alkylated thiopseudoure4a was isolated in 87 % yield 1a.

BocN/\/OH 2b
within a few hours (Entry 1). Based upon this encouragit '
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NBoc
a or
PHN BocN NP
PHN)\ - \/\g X | =y
OH R oc -
4k: P=Cbz, R'=Bn, X=pyrazole— 5a
4l P=Boc, R'=H, X=SMe — &b
Equation 1
Boc
OH 2b
BocN~ > BocN/\/NTSMe
| )
Me Me NBoc
4m
Equation 2

From the monosubstituted guanylating agents 4d and 4e,
we synthesized disubstituted guanidine 1a and 1b by reac-
tion with glycine or proline estersin 84% and 36% yields
respectively (Eq. 3). Again, the moderate yield of 1b is
likely dueto the steric encumbrance of the secondary ami-
no group of the proline. When 4j was treated with Gly-
OMe, only cyclic guanidine 6 was isolated in 74% yield
presumably viathe disubstituted guanidine (Eq. 4).

NBoc ) NBoc
amino ester
NN XNR O
Boc THF Boc
4d: X= SMe la: R= Gly-OMe, 84%
4e: X= pyrazole 1b: R= Pro-OBn, 36%
Equation 3
NBoc
Me NBoc
Gly-OMe BocN” N
4 MeOOC”™ "N~ "NH|—= COOMe
THF Boc ) Mé o
MeOOC
6: 74%
Equation 4

Finally, we applied this synthetic method to the prepara-
tion of disubstituted guanidine 1c® under the same reac-
tion conditions from the cyclohexanol derivative 7 (Eqg.
5).

OH BocN™ X BocN
2aor2b benzylamine

NBoc NBoc
PPh;, THF

A
YO
| DEAD ] |

| | 1

COOEt COOEt COOEt

7 4n: X=SMe, 35%
40: X=pyrazole, 36%

1c: 53% from 4n
48 % from 40

Equation 5

In summary, we have devel oped an efficient and mild syn-
thetic method for the preparation of disubstituted
guanidines 1 by the reaction of N-substituted pyrazole
carboxamidine or N-substituted pseudothiourea with
amines. The N-substituted guanylating reagents were syn-
thesized by the treatment of primary or secondary alco-
hols with bis-Boc pyrazole carboxoamidine 2a or bis-Boc
pseudothiourea 2b under Mitsunobu conditions in moder-
ate to excellent chemical yields. Further synthetic applica-
tion of this method to the solid phase synthesis will be
reported in due course.
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