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(57] ABSTRACT 

A synthetic procedure for the synthesis of diamino 
difurfuryl compounds via a one-step, low-temperature 
reaction that does not require additional steps for the 
protection of the amino functionalities in the reactant or 
the deprotection of the amino functionalities in an inter
mediate product to give the final product is disclosed. 
The importance of acid concentration, reaction temper
ature, and reaction time to the one step method are 
disclosed. 

14 Claims, 8 Drawing Sheets 
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prior art since it was not effective and was thus not 
ONE STEP METIIOD FOR THE PREPARATION reported in detail. 

OF DIFURFURYL DIAMINES Still et al., U.S. Pat. No. 4,496,751, disclose difunc
tional furan derivatives. To produce the furan deriva-

BACKGROUND OF THE INVENTION s tives, the amino functionalities are protected by various 
1. Field of the Invention 
This invention relates generally to the preparation of 

difurfuryl diamines. In particular, the invention relates 
to an improved chemical synthesis from biomass of 
furan-based diamino compounds havin the followin 10 

eneral formula: g g 
g 

IS 

where 
RI and R2=H, CH3, CH3CH2, Furan, di-Hydrofu- 20 

ran, and mixtures thereof, or in principle any of a 
number of other groups or mixture of groups 

R3=Primarily H, but in principle could consist of 
CH3, CH3CH2, or any number of other possible 
groups or mixture of groups. 25 

2. Description of the Prior Art 
Compe>.unds used in the production of polymers have 

traditionally been synthesized from petroleum-based 
products. However, declining petroleum reserves, ac
companied by the increasing price of petrochemicals, 30 
have resulted in a search for alternative sources of 
chemical feedstocks which are both economical and 
efficient. It is well known that furan compounds may be 
generated in almost unlimited quantities from renew
able resources, including maize, oat husks, and com 35 
cobs. Other renewable resources, such as hardwoods, 
also may be potential sources of furan compounds. 

The principal utility of the furan compounds pro
duced via the one step method disclosed would be for 
the production of polymeric compounds. In particular, 40 
the compounds would be utilized for adhesives and 
polyurethane production. The compounds have poten
tial as thermoset adhesives for use with wood composite 
materials and could also be utilized for the synthesis of 
condensation polymers from difunctional monomers. 45 

The prior art clearly indicates that to condense carbo
nyl-containing compounds with furfurylamine, the 
amino function must be protected during the reaction. 
The formamide derivative proved to be the most effec
tive. Thus, synthesis of the diamino difurfuryl com- so 
pounds by the method known to those skilled in the art 
requires several independent reaction steps including 
the blocking of the amino group in the original reactant 
and deblocking of the amino groups to yield the fmal 
diamine. This leads to a reaction scheme that is both SS 
complex and inefficient. 

Cawse et al. [Makromol Chem. 185:697-707(1984)], 
in their article titled "Polymers from renewable 
sources, 1: Diamines and diisocyanates containing di
furylalkane moieties," dislose the preparation of furan- 60 
based diisocyanates and diamines as potential polymers 
for polyamide and polyurethane production. The start
ing materials were methyl furoate and furfurylaine. A 
one-step reaction scheme was explored in the article. 
However, this reaction scheme gave only low yields of 65 
an undesired Mannich type product together with other 
products presumed to be homologous oligomers. It is 
unclear exactly how this reaction was practiced in the 

compounds prior to coupling with the carbonyl com
pound.

Leon et al, U.~. Pat. No. 2,681'.917, disclose a me~od 
for the pr~paration of condensation. compounds ~vmg 
~o furaruc ~y~les. The ~ethod mvolves reacting a 
mIXture containing substan~y two moles ofmethyl-~-
furan and one mole of a reaction component under acid 
or mineral acid conditions. The reaction component is 
chosen from the group consisting of aldehydes and 
ketones having monovalent substituent members. Leon 
et al is limited to methyl furans which are compara
tively easy to condense and are notably different from 
diamines. 

SUMMARY OF THE INVENTION 

We have now invented a synthetic procedure for the 
synthesis of diamino difurfuryl compounds via a one
step, low-temperature reaction that does not require 
additional steps for the protection {blocking) of the 
amino functionalities in the reactant or the deprotection 
(unblocking) of the amino functionalities in an interme
diate product to give the fmal product. The synthetic 
procedure disclosed is less complex and more efficient 
and, therefore, more economical than previously 
known procedures wherein the amino functionalities 
are protected by reaction with formic acid prior to 
coupling with the carbonyl compound. 

The results reported indicate the importance of the 
acid concentration, the reaction temperature, and the 
reaction time to the successful employment of a one
step reaction procedure. Insufficient attention was 
given to these three factors in the prior art. Thus, it is 
clear that the conditions needed for the successful em
ployment of a one-step synthetic procedure were not 
obvious nor could they be deduced from the prior art. 

In accordance with this discovery, it is an object of 
the invention to provide an economical, efficient one 
step method for the production of difurfuryl diamines. 

A further object of the invention is to provide a new 
method for the utilization of renewable resources, espe
cially wood products, and thereby decrease dependence 
on petrochemical feedstocks. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1. In-situ observation of furfurylamine-for
maldehyde reaction. 

FIG. 2. In-situ observation offurfurylamine-acetalde
hyde reaction. 

FIG. 3. Kinetic plot from furfurylamine-acetalde
hyde reaction. 

FIGS. 4A, 4B, 4C, and 4D. lH-NMR spectra col
lected after 1 hour. 

FIG. 5. Proposed intermediate in furfurylamine
acetaldehyde condensation reaction. 

FIGS. 6A, 6B, 6C, and 60. lH-NMR spectra col
lected after completion of reaction. 

DETAILED DESCRIPTION OF THE 

INVENTION 


The reaction offurfurylamine with the carbonyl-con
taining compound (e.g., formaldehyde, acetaldehyde, 
acetone, furfural, and other aldehydes and ketones) is 
conducted in strong acid (e.g., 6N NCI). The acid reacts 
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with the amine group converting it to the hydrochoride 
salt and prevents the possibility of the carbonyl-contain
ing compound reacting at this site. In addition the acid 
acts as the catalyst for the coupling reaction that occurs 
at C-!1 of the furfuryl ring, as outlined in the following 
reaction scheme: 

1. HCI 

2. R1R2c-O;){\_CH2NH2 3.N.OH 

R 1 #\ 
H NH b~ .)-CH

2
NH

2
2 iC I0 02

R

The broad ranges of operation are as follows: 

Temperature: 
"-'ire: 
llactants: 

btio of Reactants: 

Catalyst: 

Catalyst 

Concentration: 

Catalyst to 

Furfurylamine Ratio: 

lleaction Time: 


-10· c. to 100· c. 
I to JO atmo1pberes 
furfurylamine and my aldehyde- or 
keton«:ontainiq compound 
furfurylamine to carbonyl-containing 
compound from 10:1 to 1:10 (mole:mole) 
my orpnic or mineral acid 
O. lN to concentrated (> 16N) 

0.1:1 to 20:1 (wt:wt) 

0.1 minute to 48 hours 

Following is a list organic and mineral acids which 
may be used to practice the invention, however the 
following list is not .intend~ to ~~ the acids which 
may be used to practice the invention many way. Other 
acids will~ known to those that are skilled in ~e ~· 
Organic acids may include, among others, acetic acid, 
formic acid, carbonic acid, and lactic acid. Mineral 
acids may include, among others, nitric acid, phos
phoric acid, hydrochloric acid, and sulfuric acid. 

The preferred ranges of operation are as follows. 

Temperature: 1~ to'°" C. 
Pressure: 1 atmosphere 
Reactants: furfurylamine and acetaldehydc 
Ratio of Reactants: furfurylamine to acetaldchydc 2:1 

(mole:mole) 

Catalyst: hydrochloric acid 
Catalyst Concentration: 6N
Catalyst to Furfurylaminc 0.6: I to 2.4: I (wt:wt) 

btio: 

_R-=ct1C1D_._T_ime_:_____ ______
__ 	 1_o_to_90_mm_·_u1es 

The employment of the invention is given by way of 
the following generalized synthetic procedure: 10 g. 
furfurylamine is placed in a 300 ml 3-neck.ed flask 
equipped with a magnetic stirring bar. The flask is 55 
placed in an icebath. 7!1 ml of 6N HCl (a S0% vol:vol 
solution of concentrated HCl in water) is added alowly 
to permit the heat of neutralization to be absorbed by 
the icebath. A carbonyl-containing compound (0.0!1!1 
mol.) is added rapidly. At this point, the reaction mix- 60 
ture is usually a faint brown color. The flask is removed 
from the icebath and allowed to warm to room temper
ature. As the reaction progresses, the intensity of the 
color gradually increases. After one hour the flask is 
cooled in an icebath and 7!1 ml. of 6N NaOH is slowly 6S 
added to neutralize the HCI. This addition results in the 
separation of a viscous, amber-colored oil from the 
aqueous phase. The oil is recovered by extraction with 

S 

10 

an organic solvent (e.g., chloroform). The extract is 
dried over MgS04 and evaporated to yield the final 
product. 

It is obvious from this generalized example that the 
reaction can be scaled to any size desired and that any of 
a large number of carbonyl-containing compounds (i.e., 
aldehydes and k.etones) constitute possible reactants. It 
is also obvious that the quantities of acidic catalysts and 
basic solutions med will depend upon 1CVeral facton, 
including temperature, reactants, desired results, and 
the like. Tboee lkilled in the art will be able to deter
mine a sufficient quantity and amount of basic solution 
to adequately neutralize the .adic catalyst chosen. Spe

15 	 cific examples ofsuch reactions are given below but are 
not meant in any way to limit the size of the reaction, 
the euct conditions employed in the reaction, or the 
nature of the carbonyl-containing reactant. 

The invention will be further described by way of 
20 example only with reference to the following non-limit· 

ing Examples. 

EXAMPLE 1 

Preparation of !l,!l'-methylenedifurfurylamine 
2S 	 (MDFA): furfurylamine and formaldehyde (as a 37 wt 

% solution) were reacted in a manner similar to the 
generalized synthesis described above. The reaction 
product, as analysed by lff. and 13(:..NMR consisted of 
a 1:1 mixture of furfurylamine and !1,!1'-methylenedifur

30 	 furylamine. The furfurylamine is stripped from the reac

3S 

40 

4S 

tion mixture by vacuum distillation to give the final 
product. The identity of the final product was con
firmed by lff. and 13C-NMR and mass spectral analysis 
and comparison with the product produced by the alter
nate method described in U.S. Pat. No. 4,496,7!11. 

MDFA 

EXAMPLE2 

Preparation of !l,!l'-ethylidenedifurfurylamine 
(EDFA): furfurylamine and acetaldehyde were reacted 
in a manner similar to the generalized synthesis de

so scribed above. The reaction product, as analysed by lff. 

and 13(:..NMR consisted of a 1:9 mixture of furfuryla
mine and !l,!I'-ethylidenedifurfurylamine. The furfuryla
mine is stripped from the reaction product by VICUum 
distillation to give the final product. The identity of the 
final product wu confirmed by lff. and 13(:..NMR, IR, 
and mass spectral analysis and comparison with the 
product produced by the alternate method described in 
U.S. Pat. No. 4,496,7!11. 

EDFA 

http:3-neck.ed
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Initially lengthy reaction times (typically 24 hr) were demonstrates the selectivity of the reaction under these 
employed for the reaction of furfurylamine and formal- conditions for the desired difurfuryl diamino product. 
dehyde in 6N HCl. However, the low yields and large At longer reaction times, EDFA is converted to 
amounts of polymeric material produced in the reaction other products. These decomposition products are most 
led to the suspicion that these long reaction times were 5 likely the result of an acidic cleavage of one or both of 
undesirable. A kinetic study of the condensation of 
furfurylamine with carbonyl compounds was under- the furan rings of EDFA. The appearan~ after 2 
taken to test this suspicion. weeks of resonances above 200 ppm (a region of the 

lH-NMR spectroscopy proved to be the most useful 13C-NMR spectrum most often assigned to carbonyl 
and informative technique for the kinetic studies. Be- IO groups) in the 13CNMR spectrum of the reaction mix-
cause of the availability of deuterated hydrochloric ture is consistent with this theory. Regardless of the 
acid, the carbonyl condensation reactions of furfuryla- products formed, this decomposition reaction pro-
mine may be observed in-situ via proton NMR. By gresses too slowly to pose any significant problems. 
integrating_ the proton spectra, one can estim~te the When examining the effect of acid on the furfuryla
c:oncentrati?ns _of reactants ~d products as fun':tions_of 15 mine-acetaldehyde condensation reaction, one must 
time. The kinetics of the reactions offurfurylamme ~th consider both the concentration of acid and the stoi
formaldehyde, acetaldehyde, and acetone were studied 
with this technique. The results are summarized below. chio~etric amount o~ acid in solution. For a _given 

FIG. 1 contains proton NMR spectra of a mixture of quantity of furfurylamine, the same amount of acid (on 
furfurylamine and formaldehyde recorded I, 6, 31, and 20 a molar basis) may give a completely different reaction 
60 minutes after initiation of the reaction. The ratio of rate and/or product distribution depending on its con
furfurylamine to formaldehyde was 2:1. The reaction centration in solution. The amino group of furfuryla
was performed at a temperature of 35° C., and the spec- mine neutralizes a portion of the acid. Hence, it is also 
tra were collected on a Varian T-60 spectrometer. The important to consider the molar ratio of furfurylamine 
peaks labeled FA, F, D, and I correspond, respectively, 25 to acid which is employed. It is only the free acid, that 
to resonances of furfurylamine, formaldehyde, the di- is, the amount of acid which is in excess of that required 
amino product, and an intermediate of the reaction. The to convert furfurylamine to its hydrochloride salt, 
peaks at O, 0.6, 1.75, and 3 ppm are resonances of the hi h . ail bl fi tal · 
reference compound sodium 2,2-dimethyl-2-silapen- w c 15 av a e or ca ytic purposes. 
tane-5-sulfonate. 30 A 22full factorial experiment was performed to exam-

These spectra indicate that the reaction of furfuryla- ine the effect of acid. The factors which were used were 
mine and formaldehyde is very rapid under these condi- the concentration of acid and the concentration of fur
tions. The spectra which were recorded after 31and60 furylamine. The actual quantities of reactants which 
minutes are almost identical. Hence, the reaction was were used are summarized in Table 1. For each run, the 
essentially complete after 31 minutes. The identity of 35 reactants listed in Table 1 were combined in an NMR 
the reaction intermediate which is observed is not tube. The contents of each tube were then monitored 
known. It is believed to be an intermediate in the mech via IH-NMR for periods which ranged from 1 hour to 
anistic pathway to the difurfuryl diamine. several days. The contents of each tube were main

As the reaction progresses, a broad resonance ap tained at a temperature of 35° C. throughout the experipears at 3.2 ppm. This peak is not a resonance of the 40 
diamino product. The compound giving rise to this ment. 
resonance probably accounts for the observed loss of TABLE 1 
approximately 20% of the furanic starting material dur- Quantities of Reactants Used c22 Factorial Design) 

ing this reaction. Acctalde- Acid/ 
At longer reaction times, such as several hours or 45 Identi- Acid (HCI) Furfurylamine hyde Furfurylamine 

longer, the difurfuryl diamino product is converted to fication (!LL) (mg) (!LL) Ratio
other products. ----"'--'----..;....;;.;.___.........-_____~ 

FIG. 2 contains proton NMR scans of a reaction !:~ ::~:~ ~:~ : ~~~1
mixture of furfurylamine and acetaldehyde taken 1, 5, Run 3 soo of 3N 2.1866.7 20 

10, and 60 minutes after initiation of the reaction. The 50 Run 4 soo of 3N 133.4 40 t.09 

ratio of furfurylamine and acetaldehyde in this experi- ------------------ 
ment was 2:1 (stoichiometric). The peaks labeled F, A, 
and D denote resonances of furfurylamine, acetalde- FIG. 4 shows 1H-NMR spectra which were taken 
hyde, and the difurfuryl diamino (EDFA) product re- after a reaction time ofapproximately 1 hour; F denotes 
spectively. The peaks at 0, 0.6, 1.75, and 3 ppm are 55 a resonance offurfurylamine, P denotes a resonance of 
resonances of the reference compound sodium 2,2- product EDFA, A denotes a resonance of acetalde
dimethyl-2-silapentane-5-sulfonate. These spectra were hyde, and I denotes a resonance of a proposed reaction 
obtained on a Bruker WM-250 spectrometer. The reac- intermediate. Resonances associated with the acetalde
tion was performed at a tempera?'re of 24° C .. Pio~ of hyde molecule are absent in the spectra from Runs 1 and 
reactant and produc~ concentrabo~ vs.. reaction time 60 2. This absence indicates that the reaction has gone 
from _the same expe~ent ~e provided m FI_G. 3· The essentially to completion in 1 hour or less under the 
reaction of furfurylamme with acetaldehyde 1s remark- . . . 

·d W"thin th fi t 60 · t th ti. cond1t1ons employed m these runs. The acetaldehydeably rap1 . 1 e irs mmu es, e reac on goes . . . . fte h 
to completion. In fact, the data in FIG. 3 indicate that r~nance is still q~1~e promment a r 1 our of reac
most of the starting material reacts within the first 30 65 tion under the cond1t1ons of R~s 3 and ~- I~ th: case of 
minutes. From FIG. 2, one may observe that all of the Run 4, the EDFA resonance 1s small, md1catmg that 
peaks which are becoming larger with the progression little product has formed even after a reaction time of 1 
of time are resonances of the diamino product. This hour. 
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TABLE2 
Eft'ect or the amount ud appromaate CODCeDtration<.....mn. t. V misina '"' 0) oC Cree llCid on raction rate 

Free llCid Free llCid JlelaUve 
Identification (mmoles) (moles/liter) r.ction rate S 

___Jt._un_l_.....;_2._3_1....;_ ...... _4_.o_..;....___F•--

Jt.un 2 1.63 2.s Moderately rut 

It. 3 0 11 I 4 latermediatc 

..: · · Slow4 0 13 

· O.l 

acid, the isolated products yielded spectra which were 
consistent with those of EDFA accompanied by some 
unreacted furfurylamine. Although the product of the 
reaction conducted at the lowest concentration of free 
acid contained some EDFA, it also contained at least 
two observable side products. One of these is believed 

to be the Schiff base. It is believed that the presence of 
aide products in the final product of the reaction was a 
result ofinaufticient reaction time, leading to an incom

10 plete reaction, rather than because of some underlying 
As ~wn in Table 2, the rate offormation ofproduct chemical equilibrium or alternate reaction pathway. 

programvely decreases f~m Run 1 to ~un 4; both the The results may be summarized u follows: the rate of 
~01;111t and the concentration of f~ee acid also dee~ coadenution of furfurylamine with acetaldehyde de
m this ume order..The concentrations of furfury~ creases as the concentration of free acid decreues; the 
and acetal~ehyde m Runs 2 and 4 were almost ~ IS quantity ofunreacted furfurylamine increues u the free 
thOle used m Runs I and 3. Hence, one.'Yould logic:ally 
expect enhanced rates ll;D~er the conditi~ns of Runs 2 
and 4. However, the additional furfurylamine removes a 
proportionate amount ofacid from solution. As a result, 
the free acid concentration was lower for Run 2 than 20 
for Run 1. Likewise the rate of reaction was lower in 
Run 2 than in Run' 1. The ume trend was observed 
between Run 3 and Run 4. The effect of a lower free 
acid concentration more than offsets the expected en
bancement in reaction rate due to the use of higher 2s 
reactant concentrations. 

The spectra of Runs 3 and 4 in FIG. 4 contain peaks 
at approximately l.S ppm which are labeled I because 
they are believed to be resonances from a reaction inter
mediate. Based upon intermediates which have been JO 
proposed for mechanisms of similar carbonyl condensa
tion reactions, the species giving rise to these reso
nances is believed to be the compound shown in FIG. 5. 
The observed doublet resonance occun at a chemical 
shift (approximately l.S ppm) which is consistent with 3S 
that expected for the methyl group of the compound in 
FIG. 5. The appearance and subsequent disappearance 
of a peak in the 1H-NMR spectrum would also be con
sistent with a side reaction which is at chemical equilib
rium. Hence, neithe~ th~ structu~e nor even th~ .exis- 40 
tence .of a ~e reaction mtermediate ca:i be positively 
~tablished via the use of the present H-NMR tech
mque. 

FIG. 6 shows the ~H-NMR spectra which were col-
lee~ at the co?clus10~ of each run. Those resonan~ 45 
w~ch are ~iated with the product EDFA are agam 
dCSJ~ted with the label P. Although there are obse~-
able differences between the four spectra, all are COIJSlS· 
tent with the presumption that EDFA is the major end 
product of the reaction. The amount of furfurylamine so 
which does not react is greater for Runs 3 and 4 Oower 
concentrations of free acid were employed in these 
runs) than for Runs I and 2, u evidenced by the size of 
the multiplet peak at 7.6 ppm. The singlet peak at 2.lS 
ppm is also observed in lH-NMR spectra ofsolutions of ss 
acetaldehyde in various concentrations of HCl. The 
species which gives rise to this resonance bu not been 
identified. This peak becomes more prominent u the 
concentration of acid decreases. 

To corroborate the results of the •H-NMR experi- 60 
ment, each run was repeated on a larger llCale (employ
ing 10 aoffurfurylamine). A product was isolated from 
these larger llCale reactions via neutralization with 
NaOH and extraction with chloroform. lH-NMR spec
tra, 13(:..NMR spectra, and GC- mass spectra were ob- 6S 
tained for the isolated products. With the exception of 
the reaction which was conducted under the conditions 
of Run 4, which had the lowest concentration of free 

acid concentration decreues; and the ultimate distribu
tion of reaction products, with the pcmible exception of 

. fr · · · rel1~~ at v~ ow ee acid ~trations, IS ••· 

tively IDlenlltive to the concentration of free actd. 
However, the yield of EDFA is llightly lower when 
less acid is present. 

A one step method for the preparation of difurfuryl 
diamin~ is disclosed which is both more efficient an~ 
economtcal and l~ complex than the methods prevt· 
ously well known m the art. 

It is understood that the examples and embodiments 
described herein are for illustrative purposes only and 
that various modifications or changes in light thereof 
will be suggested to persons skilled in the art and are to 
be included within the spirit and purview of this appli
cation and the ICOpC of the appended claims. 

We claim: 
1. A one step method for the production of difurfuryl 

diamines comprising: 
reacting unprotected furfurylamine with a carbonyl-

containing compound in the presence of a catalyst 
wherein said furfurylamine to said catalyst is in a 
weight:weight ratio ranging from 0.1:1 to 20:1, 
wherein the concentration of uid catalyst is be
tween O.lN to 16N, wherein uid one step method 
is performed at temperature ranges from -10· c. 
to 100• C., and wherein the reaction time ranges 
from 0.1minuteto48 houn. 

l. The one step method as claimed in claim 1 wherein 
uid difurfuryl diamines are mixed with a basic solution. 

3. The one step method as claimed in claim 1 wherein 
ii roduced · extncted from 'd difurfuryl d'0 1an~ P IS sat • 

ammes. . . . . 
.'· The one step m~od as claimed m claim 1 wherein 

uid carbonyl~tammg compounds are lelected from 
the group conlilting of aldehy~ ~es .and ~-

.s. The one step m~ u claimed m claim 4 wherein 
said carbonyl~n~g compounds are lelected from 
the group conlilting of formaldehyde, acetaldehyde, 
and acetone. . . . . 

.'· The one step ~od as claimed ~claim 5 wherem 
said carbonyl-contammg compound IS acetaldehyde. 

7. The one step method u claimed in claim 1 wherein 
uid catalyst is lelected from the group consisting of 
organic and mineral acids. 

8. The one step method u claimed in claim 7 wherein 
uid catalyst is hydrochloric acid. 

9. The one step method as claimed in claim 1 wherein 
said catalyst concentration is from between 4N to 8N. 

10. The one step method as claimed in claim 1 
wherein said catalyst concentration is 6N. 
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11. The one step method as claimed in claim 1 wherein said furfurylamine and said carbonyl-contain
wherein the temperature ranges from 15° c. to so· c. ing compounds are in a mole:mole ratio of 2:1. 

12. The one step method as claimed in claim 1 14. The one step method as claimed in claim 1 wherein said furfurylamine and said carbonyl-contain
wherein said furfurylamine to said catalyst is in aing compounds are in a mole:mole ratio ranging from 

10:1 to 1:10. weight:weight ratio ranging from 0.6:1 to 2.4:1. 
13. The one step method as claimed in claim 12 • • • • • 


