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Syntheses of Guanidines Directed to Green Sustainable Chemistry

Ayaka SHIBATA, Tomoe KIMURA, Toshiaki SUZUKI

Abstract:

n-Butyllithium can serve as efficient catalyst precursors for the catalytic addition of primary aromatic amines, secondary
aromatic and aliphatic amines to give the corresponding guanidines. For example, aniline added to
N,N’-diisopropylcarbodiimide to give 1,3-diisopropyl-2-phenylguanidine in quantitative yield at 80 °C for 2 hours with

5 mol % n-BuLi. The plausible reaction mechanisms are discussed.
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Scheme 1. Syntheses of methyl salicylate and acetylsalicylic acid from salicylic acid
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Figure 2. Species of guanidine
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Scheme 2. Carbonylation of dialkyl amine to N,N-dialkylformamide catalyzed by n-butyllithium under low
pressure of carbon monoxide
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Scheme 3. Resio- and Stereoselective dimerization of phenylacetylene catalyzed by n-butyllithium
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Table 1. Effects of solvents in the amination of carbodiimide?

-

~

) i-Pr
<::>}_NH , P 5 mol % n-BuLi N-H
» -

N=C=N =
‘ipr Solvent5.0mL N C\N—H
[e]
1a 2a S0°C.2h -PY
2.2 mmol 2.0 mmol 3a
solvent yield (%)°
THF CO 98
, / N\
1,4-dioxane Q o] 84
__/

toluene QCH3 2

2 Conditions: aniline (1a), 2.2 mmol; diisopropylcarbodiimide
(2a), 2.0 mmol; 2.6 M n-BuLi hexane solution, 0.038 mL ;
solvent, 5.0 mL at 50 °C for 2 h. ® Determined by GC.

(3) RIS ORE
T=Ur1a ENNTVA Y TR ENHINVRYA I R 2a %, THE REEF, FTEIREDAA N/ AHFT 2
RFRIPE SH T fE S A Table 2 (127”7, 30 CTRIS SHIZHZAED 7T =2 3a DPHEIT 14% LK<,
Bt % 57 7R B CHEI T X 5121, S0CCUAEDIRENVETH D EEZLND, FTz, 80°CKIELS
BT THPENME T LN NG, AT E DI LNORIIENEZ 5 Z & b7, BEICHEL
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Table 2. Effects of reaction temperature in the amination of carbodiimide?

i-Pr
. \
<::>}_NH L P 5 mol % n-BuLi i:: N—H
N=C=N > =c
? \.py THF5.0mL N=C,
i-Pr N—H

1a 23 30-80°C, 2h py
2.2 mmol 2.0 mmol 3a
reaction temperature (°C) yield (%)°
30 14
50 98
80 >99

a8 Conditions: aniline (1a), 2.2 mmol; diisopropylcarbodiimide
(2a), 2.0 mmol; 2.6 M n-BuLi hexane solution, 0.038 mL;
THF, 5.0 mL at 30-80 °C for 2 h. ® Determined by GC.
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(4) BUCKER O
7=V 1a LENNTA YT REATLRYA IR 2a %, THE IEEEF 50 COFA VS X THTERE

IS S E 7455 % Table 3 127, FUGTIEIE 2 B TKRT L, 1,3-A4 Y 7t l2-T 2= V7T
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Table 3. Effects of reaction time in the amination of carbodiimide?

i-Pr
. \
<::>}_NH L P 5 mol % n-BuLi <::? N—H
N=C=N > =c
? \py THFS50mL N=C,
i-Pr N—H

1a - 50°C, 1-6 h ",
2.2 mmol 2.0 mmol 3a
reaction time (h) yield (%)°
1 89
2 98
6 99

a8 Conditions: aniline (1a), 2.2 mmol; diisopropylcarbodiimide
(2a), 2.0 mmol; 2.6 M n-BuLi hexane solution, 0.038 mL;
THF, 5.0 mL at 50 °C for 1-6 h. ® Determined by GC.

(5) RISFEE DR
F—WEEHET I L LT, 7=V 1a, &~ A P 1b, 4T =3P 1e, 2-7aa 7= 1d,

2,6-FT UV e, B_METHET IV E LTN-AFAT =Y v da, & BIEVETI LLTERY
TrSaZHWn, BLRIAIRELT NN-UA Y Ta b HLRIA I F2a, NN-Uv 7 a~Fy
NINKRTA I R2b EHWTRIGEI T T2, FDFER% Table 4 35 O Table 5 (277,
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Table 4. Reaction of primary aromatic amine with carbodiimide?

R
ANH. 4 R 5 mol % n-BulLi Ar.  N-H
r— N=C=N > —~
2 \R solvent 5 mL N C\N—H
0 /
1a-e 2ab 30-50°C, 2 h R
2.2 mmol 2.0 mmol 3a-f
Ar R ) I (%)P
CeHs (1a) i-Pr (2a) 3a >99
4-CH;CH, (1b) i-Pr (2a) 3b 93
4-CH3;0CsH, (1¢) i-Pr (2a) 3c 92
2-CICH, (1d) i-Pr (2a) 3d >99
2,6-(CHs),CsHs (1e) i-Pr (2a) 3e 13
CeHs (1a) Cy (2b)* 3f 98

@ Conditions: aniline 1a-e, 2.2 mmol; carbodiimide 2a,b, 2.0 mmol; 2.6 M n-BuLi hexane
solution, 0.038 mL ; THF, 5.0 mL at 80 °C for 2 h. ® Determined by GC. ¢ Cy = cyclohexyl

Table 4 |[Z7RT L 91T, NUBUBRIZANLICA T AILE A M UE 2fc 7 ma @i L= 7 =V
Y 1b—-d HEEHOT =V o 1a & [FRRICEUSMEITE <, BHIZHNVRTA I R 2b ML, e d 5
TT =V 3b-d B R%LEDIERTHE LI, 2,6-M0Z 2 DDA F/VIENERL LT 2,6-F) U 1e
EHWEGEIIEZ T =00 3e WELILD B ODIERITR D > 7o, iU, 2,6-(CICEH LT 220D A
FNIIZEDNREED D EEZOND, T=U > 1a L Vv 7 anF I VR Y A 2 K 2b DG
T, ARV A I R2a DA EREBEIC, 13-V 7 a~Fin2-T =077 =00 I NIRIECEE
I BT,

ANRTA I NIZRT D8 T I ORISR —H%T I X0 R0, N-AF L7 =V 4a
EHOWTEGAEITIRE)23-UA Y TR EN (AT ) (T ==V) 7T =V 5a BIEE 74% T, vrl oy
4b WS AIZIZE)-NN-VA Y T a a2 -1- VRS2 U 5h AIE 58% TR L L

(Table 5) .

Table 5. Reaction of secondary amine with carbodiimide®

' i-Pr\

R\NH . i-Pr, 5 mol % n-BuLi R N-H
N=C=N > N-C

R \p THFSmL NG

I-Fr 80°C. 2 h R' N—i-Pr
4a,b 2a ’ H
2.2 mmol 2.0 mmol 5a,b
7 2 > RR’NH V=R (%)P

QNHCHg, (4a) 74
E:NH (4b) 41

& Conditions: amine 4a,b, 2.2 mmol; diisopropylcarbodiimide
(2a), 2.0 mmol; 2.6 M n-BuLi hexane solution, 0.038 mL ;
THF, 5.0 mL at 80 °C for 2 h. ® Determined by GC.
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Scheme 4. Plausible reaction mechanism of addition of primary aromatic amine (aniline) to carbodiimide
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Scheme 5. Plausible reaction mechanism of addition of secondary amine to carbodiimide
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