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Solid-state synthesis of Schiff bases 
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A new preparative method for the synthesis of Schiff bases by the solid-state interaction 
of crystalline organic and organometallic aldehydes and amines is suggested. The possibility 
of direct synthesis of aldimines in the solid state from amine salts without isolation of the 
free amines is demonstrated. 
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Reactions of  carbonyl compounds with amines and 
their  derivatives are well studied arid traditionally per- 
formed in various solvents, most often in benzene on 
heating with azeotropic distilling off of  water or in 
absolute alcohol. We have shown recently that crystal- 
line organic and organometal l ic  aldehydes and second- 
ar2,." 13-hydroxyamines (ephedrine and pseudo-ephedrine) 
react in the solid state at room temperature with the 
regio- and stereoselective formation of oxazolidines. 1,2 
This work is devoted to studying similar solid-state 
reactions of  aldehydes with primary amines. We estab- 
lished that the solid-state reactions of mixtures of crys- 
talline aldehydes l a - - f  with solid amines 2 and 3 result 
in the formation of  Schif fbases  (Scheme 1). 

Scheme 1 

O 
R--C~H + H2N--R" D R--CH----N--R" 

I a - - f  2, 3 4a- - f  
5a- - f  

1, 4, 5: R = 2-NO2--CsH4 (a); 4-NOu-C6H 4 (b); 
4-HO-3-MeO--C6H s (c); CsHsFeCsH 4 (d); 
CsHsRuCsH 4 (e); Mn(CO)3CsH4 (f) 

2, 4: R" = CsHsFeCsH4CH2; 
3, 5: R" = 4-NO2--CrH4 

Reactions of  aldehydes with amines without a sol- 
vent to form aldimines are known. However, in these 
cases, either one of  the starting components is liquid, 3 
or the reactions occur at temperatures  higher than the 
melting points of  the starting solid compounds,  i.e., in 
melts. 4 

In all cases, mixing and periodical  st irring of  
aminomethylferrocene (2) with equimolar quantities of  
aldehydes l a - - f  at room temperature result in the fast 
formation of  an oily reaction mass, from which products 

differing noticeably from the starting compounds  begin 
to crystallize. The iH N M R  spectra of  the reaction mass 
were obtained I day after m i ~ n g  the reagents and 
showed that, in all cases, the corresponding Schiff  bases 
were formed in high yields o f  80--95%. The complete  
conversion of the reagents with the quantitative forma- 
tion of  aldimines is achieved in 48 h. 

The authors of Ref. 5 have described the preparation 
of imines from amine 2 and benzaldehyde derivatives by 
the t r ad i t iona l  method:  hea t ing  in benzene  with 
azeotropic distilling off of  water. Under  these condi-  
tions, the yield of  Schiff bases does not exceed 40%, and 
the reactions are accompanied by the formation of  ben- 
zene-insoluble decomposit ion products. In addit ion,  the 
yield of  imines depends strongly on the purity of starting 
amine 2. In fact, when freshly prepared amine 2 is kept 
in air even for a short time, a por t ion of it is transformed 
into a yellow substance, which is insoluble in organic 
solvents (ether, benzene, and others). Assuming that this 
compound is mainly carbonate of  the amine (6), we 
carried out its reaction with an equimolar  amount  of  
ferrocenecarbaldehyde ( ld)  in the solid state at -20  ~ 
The IH N M R  spectrum of  the reaction mixture 24 h 
after showed the formation o f  imine 4d in 80% yield. 
Therefore, Schiff bases in the solid state can be formed 
in reactions of aldehydes with both amines and their 
carbonates. 
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In this connect ion ,  the solid-state interaction of 
aldehydes with o ther  amine salts was studied, in particu- 
lar, with accessible and abundant hydrochlorides. 

The preparat ion of  imines from glycine hydrochlo- 
ride, without isolation of  the free base, in a solution of 
methylene dichloride in the presence of triethylamine 
binding the acid is known. 6 We established that the 
solid-state interact ion of  aldehydes Id or l e  with the 
hyd roch lo r ide  o f  ( 2 S ) - e n a n t i o m e r  of  2 - a m i n o - 1 -  
methoxy-3-phenylpropane  (7) in the presence of anhy- 
drous K2CO 3 at room temperature occurs for 3 days 
with the complete  conversion of the reagents and quan- 
titative formation of  imines 8d and 8e (Scheme 2). 

Scheme 2 

----C # ~  
\H  

M 

�9 
l d :  M= Fe 
l e :  M = Ru 

+ Ph--CH~-~H--CH2OMe K2CO*p 

NH 2 �9 HCI 

(2S)-7 

,,, M CH2--OMe 

[ ~  8d:  M = Fe 
8e :  M = Ru 

Unlike the solid-state reactions of aldehydes with 
amine 2 considered above, aldehydes l a - - f  studied by us 
react with 4-ni t roani l ine (3) in the solid state at room 
temperature fairly slowly (Table 1). The exception is the 
reaction with 2-ni trobenzaldehyde ( la) .  The IH N M R  
spectrum of  an equimolar  solid-state mixture of  l a  with 
3 recorded 1 day after the beginning of the reaction at 
-20 ~ testifies that imine 5a is formed in 90% yield. 
The reaction of  amine 3 with 4-nitrobenzaldehyde (Ib) 
at ~20 ~ occurs substantially more slowly (24 h after, 
the yield of 5b is 30%), and under these conditions, no 
reaction with vanillin ( I t )  is observed. Nevertheless, 
heating of a solid mixture of  3 with lb  at 60 ~ for 2 h 
results in the formation of  spectrally pure imine 5b in a 
quantitative yield. Probably, the low reactivity of amine 
3 is associated with its lower basicity and nucleophilicity 
in reactions with aldehydes. 

Among organometal l ic  aldehydes ld - - f ,  ferrocene- 
carbaldehyde reacts most readily with amine 3. Imine 5d 
is formed in 40% yield already at ~20 ~ during I day. 
Heating of  the reaction mixture accelerates substantially 
the reaction, the  latter at 60 ~ during 2 h results in the 
almost quantitative formation of  5d. The initial yellow- 
orange color of  the solid reaction mixture is transformed 
into dark-cherry-colored.  It is noteworthy that the tradi- 
tional method of preparat ion of  5d requires heating of 

the mixture of  ld  and 3 in toluene with azeotropic 
distilling off of water during 48 hfl 

The reaction of ruthenocenecarbaldehyde ( l e )  with 
amine 3 at 60 ~ for 2 h results in the formation of  
imine 5e in 75% yield (10% of  the product  is formed at 
-20 ~ in a day), while cymantrenecarbaldehyde (lf). 
does not react with 3 in the solid state even on heating 
to 90 ~ which is much higher than the melt ing point 
of  the aldehyde itself (70 ~ Therefore, 5f is not 
formed in the melt as welt. Moreover, heating of  the 
mixture in toluene with azeotropic distilling off of  water 
during 2 h results in the formation of  only an insignifi- 
cant quantity of  5f and in the noticeable decomposit ion 
of  lf.  In this case, the reaction is likely difficult because 
of  both the low nucleophilicity of the amine and the 
strong electron-acceptor character of the cymantrenyl 
radical, which, on the one hand, prevents the el imina- 
tion of water in the intermediate semi-aminal  and, on 
the other hand, facilitates hydrolysis of azomethine.  In 
fact, the solid-state interaction of  a mixture of  I f  with 3 
in the presence of potash, which binds the water formed, 
at 90 ~ for 24 h results in the formation of 51" in 10% 
yield.  The yield was de t e rmine d  re la t ive ly  to 
4-nitroaniline by the signal of the aldiminic proton 
(8 8.38, acetone-d6). 

Among all the above described reactions of  crystal- 
tine aldehydes and amines in the absence of anhydrous 
K2CO3, the reactions of  2- and 4-ni trobenzaldehydes 
la ,h with 4-nitroanitine 3 are true solid-state.  In these 
cases, at all stages of the process, both at -20  ~ (in the 
case of la )  and on heating (for lb) ,  the reaction mix- 
tures remain solid friable powders. All other reactions 
give oily or glass-like masses, which crystallize as prod- 
ucts are formed or after the reaction ceases. However, 
the aggregate state of the reaction mixture is not evi- 
dently the main reason determining the rate of  interac- 
tion of reagents. For example, the completely solid-state 
reaction of l a  with 3 at -20 ~ for 24 h results in the 
formation of imine 5a in 90% yield, while the reaction 
of  ld  with 3 under the same conditions, at the interme- 
diate stage of which an oily mass is formed, gives imine 
5d in 40% yield only. Moreover, stirring of powders of 
vanillin l c  and amine 3 results in a low-melt ing eutectic 
mixture; however, no interaction of  the reagents occurs 

Table 1. Yields of imines 5a--f under different reaction condi- 
tions 

Compound R Yield (%) 

-20 ~ 60 ~ 
1 day 2 h 

5a 2-NO2--C6H4 90 
5h 4-NO2--C6H 4 30 
5r 4-HO-3-MeO--C6H 3 * 
5fl C5H5FeCsH 4 40 
5e CsHsRuCsH a I0 
5f Mn(CO)3CsH 4 * 

100 
85** 
95 
75 

* No reaction. ** Heating at 80 ~ for 10 h. 
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at ~20 ~ The reaction of lc  with 3 occurs in the 
absence of a solvent and only in the melt on heating to 
80 "C for I0 h, and the yield of 5e is 85%. 

Thus, the solid-state reactions of crystalline alde- 
hydes and amines proceed more efficiently and under 
milder conditions than similar reactions in solutions, 
which makes it possible to consider the solid-state pro- 
cess as a preparative method for obtaining aldimines. 
Amine salts, in particular, hydrochlorides, which are 
often more accessible and stable derivatives than free 
bases, also can be successfully used in the direct solid- 
state synthesis of azomethines. 

Experimental 

IH NMR spectra were obtained on a Bruker-AMX-400 
instrument. Optical rotation was measured on a Perkin-Elmer 
141 polarimeter. 

Ferrocenecarbaldehyde, $ ruthenocenecarbaldehyde, 9 
cymantrenecarbaldehyde,111 and (ferrocenylmethyl)amine it were 
synthesized according to previously published procedures. 

Solid-state reactions of aldehydes la--e with amines 2 and 
3 (general procedure). Crystalline amine (I retool) was mixed 
with aldehyde (1 retool), and the mixture was let to stand in an 
open flask in the dark. The mixture was stirred from time to 
time or heated. The reaction run was monitored by tH NMR 
spectra. When the reaction ceased, the products were crystal- 
lized. The yields of imines 4a--f are quantitative, and the 
yields of imines 5a---e are presented in Table 1. The tempera- 
ture in the room, in which the work with low-melting (m.p. 
30--35 ~ amine 2 was carried out, was not higher than 
17 ~ 

Solid-state reactions of aldehydes ld,e with salts 6 and 7 
(general procedure). Amine salt (1 retool) was n'uxed with 
aldehyde (l mmol) and K2CO 3 (2 mmol), and the resulting 
mixture was let to stand in the dark in an open flask and stirred 
from time to time. When the reaction ceased, hexane and 
K2CO 3 were added to the reaction mixture, which was then 
filtered off, and the solution was concentrated in vacuo. The 
yields of imines 8d.e are quantitative. To obtain analytically 
pure samples, the products were crystallized. 

N-(2-NitrobenzyUdene)ferrocenylmethylamine (4a) is dark- 
orange crystals with m.p. 90--92 *C (EtOH). IH NMR (ac- 
etone-d6) , & 4.13 (m, 2 H, C5H4); 4.17 (s, 5 H, CsH5); 4.25 
(m, 2 H, C5H4); 4.61 (s, 2 H, CH2); 7.73 (m, 1 H, C6H4); 
7.81 (m, l H, C6H4); 8.04 (m, I H, C6H4); 8.15 (m, 1 H, 
C6H4); 8.71 (s, 1 H. HC=N). Found (%): C, 62.48; H, 4.66; 
N, 7.94. CjsHt6FeN202. Calculation (%): C, 62.09; H, 4.63; 
N, 8.05. 

N-(4-Nitrobenzylidene)ferrocenylmethylamine (4b) is dark- 
red crystals with m.p. 154--155 ~ (EtOH, Ref. 12:151--153 
~ IH NMR (acetone-d6), 5:4.13 (m, 2 H, C5H4); 4.16 (s, 
5 H, CsH5); 4.24 (m, 2 H, C5H4); 4.62 (s, 2 H, CH2); 8.09 (m, 
2 H, C6H4); 8.33 (m, 2 H, C6H4); 8.56 (s, 1 H, HC-N). Found 
(%): C, 62.24; H, 4.48; N, 7.62. CIsHt6FeN202- 1/6 EtOH. 
Calculated (%): C, 6t.88; H, 4.82; N, 7.87. 

N- (4- Hydroxy- 3-methoxybenzylidene) ferroeenytmethyl- 
amine (4c) is yellow crystals with m.p. 132--133 ~ (ben- 
zene--hexane). IH NMR (acetone-d6), & 3.88 (s, 3 H, CH30); 
4.10 (m, 2 H, C5H4); 4.15 is, 5 H, C5Hs); 4.21 (m, 2 H, 
C5H4); 4.46 (s, 2 H, CH2); 6.88 (m, 1 H, C6H3); 7.19 (m, 
1 H, C6H3); 7.48 (m, 1 H, C6H3); 8.05 (br.s, 1 H, OH); 8.25 
(s. 1 H, HC=N). Found (%): C, 65.41; H, 5.71; N, 3.89. 

CIgHtgFeNO 2. Calculated (%): C, 65.35; H, 5.48; N, 4.01. 
N-(Ferrocenylmethylene)ferrocenylmethylamine (4d) is 

dark-yellow crystals with m.p. 166--167 ~ (EtOH). iH NMR 
(C6D6), 8:4.08 (s, 5 H, C5H5); 4.09 (m, 2 H, C5H4); 4.13 (m, 
2 H, C5H4); 4.18 (s, 5 H, CsHs); 4.24 (m, 2 H, C5H4); 4.40 
(m, 2 H, C5H4); 4.70 (s, 2 H, CH2); 8.05 (s, I H, HC=N). 
Found (%): C, 64.35; H, 5.38; N, 3.26. C22H2tFe2N. Calcu- 
lated (%): C, 64.28: H, 5.15; N, 3.41. 

N-(Rothenocenylmethylene)ferroeenylmethylamine (4e) is 
pale-yellow crystals, m.p. 148--149 ~ (benzene--hexane). IH 
NMR (C6D6): 4.07 (m, 2 H, CsHa); 4.17 (s, 5 H, CsHs); 4.19 
(m, 2 H, C5H4); 4.33 (m, 2 H, CsHa); 4.52 (s, 5 H, CsHs); 
4.54 (m, 2 H, C5H4); 5.13 (s, 2 H, CH2); 7.93 (s, I H, 
HC=N). Found (%): C, 58.49; H, 4.57; N, 3.10. 
C22H21FeNRu �9 1/6 C6H 6. Calculated (%): C, 58.86; H, 4.72; 
N, 2.98. 

N-(Cymantrenytmethylene)ferrocenylmethylamine (40 is 
yellow crystals with m.p. 100--102 ~ (hexane). IH NMR 
(C6D6), 8:3.91 (m, 2 H, C5H4); 4.05 (m, 2 H, C5H4); 4.13 (s, 
5 H, C5Hs); 4.14 (m, 2 H, C5H4); 4.27 (m, 2 H, C5H4); 4.77 
(s, 2 H, CH2); 7.44 (s, 1 H, HC=N). Found (%): C, 55.77; H, 
3.61; N, 3.20. C20HI6FeMnNO 3. Calculated (%): C, 55.98; H, 
3.76; N, 3.26. 

N-(2-Nitroimnzylideae)-4-mtroam'line (5a) is orange crys- 
tals with m.p. 141--143 ~ (benzene--hexane, Ref. 14: 
141 ~ IH NMR (acetone-dO, 6:7.49 (m, 2 H, C6H4); 7.86 
(m, 1 H, C6H4); 7.94 (m, 1 H, C6H4); 8.17 (m, 1 H, C6H4); 
8.31 (m, 1 H, C6H4); 8.35 (m, 2 H, C6H4); 9.01 (s, 1 H, 
HC=N). Found (%): C, 57.51; H, 3.42; N, 15.39. Ci3H9NjO 4. 
Calculated (%): C, 57.57, H, 3.35; N,15.49. 

N-(4-Nitrobenzyliflene)-4-nitroaniline (Sb) is yellow crys- 
tals with m.p. 201--203 ~ (benzene--hexane. Ref. 15: 198-- 
200 ~ tH NMR (acetone-d6) , 8:7.53 (m, 2 H, C6H4); 8.30 
(m, 2 H, C6H4); 8.34 (m, 2 H, C6H4); 8.43 (m, 2 H, C6H4); 
8.87 (s, 1 H, HC=N). Found (%): C, 57.64; H, 3.17; N, 
15.52. Ct3H9N304. Calculated (%): C, 57.57; H, 3.35: N, 
15.49. 

N- (4- Hydroxy-3-methoxybenzylidene)-4-nitroaniline (5c) 
is yellow crysrals with m.p. 158--159 ~ (benzene--hexane). 
IH NMR (acetone-d6), 8:3.93 (s, 3 H, CH30); 6.98 (m, 1 H, 
C6H3); 7.39 (m, 2 H, C6H4); 7.45 (m, 1 H, C6H3); 7.65 (m, 
1 H, C6H3); 8.29 (m, 2 H, C6H4); 8.49 (s, 1 H, OH); 8.51 (s, 
1 H, HC=N). Found (%): C,61.87; H, 4,41; N, 10.29. 
CI4HI2N204. Calculated (%): C, 61.76; H, 4.44; N, 10.29. 

N-(Ruthenocenylmethylene)-4-nitroaniline (5e) is yellow 
crystals with m.p. 159--160 *C (benzene--hexane). IH NMR 
(acetone-d6) , 8:4.68 (s, 5 H, C5H5); 4.87 (m, 2 H, C5H4), 
5.19 (m, 2 H, C5H4); 7.24 (m, 2 H, C6H4); 8.23 (m, 2 H, 
C6H4); 8.33 (s, 1 H, HC=N). Found (%): C, 54.0l; H, 3.92; 
N, 7.60. CtTHIaN202Ru. Calculated (%): C, 53.82; H, 3.72; 
N, 7.38. 

(2S)- 1-Methoxy-3-phenyl-N- (ferrocenylmethylidene)- 
propylamine (Sd) is yellow crystals with m.p. 66--68 ~ (pen- 
tune), aD21 --20 ~ (C 0.4, hexane). 1H NMR (CDCI3) , & 2.92 
(m, 2 H, CH2Ph); 3.37 (s, 3 H, CH30); 3.51 (m, 3 H, NCH 
and CH20); 4.01 is, 5 H, C5Hs); 4.30 (m, 2 H, C5H4); 4.57 
(m, 1 H, C5H4); 4.59 (m, I H, C5H4); 7.16--7.32 (m, 5 H, 
C6H5); 7.92 (s, 1 H, HC=N). Found (%): C, 69.98; H, 6.65; 
N, 3.74. C21H23FeNO. Calculated (%): C, 69.82; H, 6.42: N, 
3.88. 

(23")- l-Methoxy-N- (ruthenoc enyimethylidene)-3-phenyl- 
propylamine (Be) is colorless crystals with m.p. 80--82 ~ 
(pentane), c~D21 +26.5 ~ (c 0.36, hexane). IH NMR (CDCI3), 
6:2.87 (m, 2 H, CH2Ph); 3.35 (s, 3 H, CH30); 3.49 (m, 3 H, 
NCN and CH20); 4.42 (s, 5 H, C5H5); 4.64 (m, 2 H, C5H4); 
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4.90 (m, 1 H, C5H4); 4.97 (m, I H, C5H4); 7.17--7.29 (m, 
5 H, C6H5); 7.76 (s, 1 H, HC=N). Found (%): C, 62.04; H, 
5.66; N, 3.48. C21H23NORu. Calculated (%): C, 62.05; H, 
5.70; N, 3.45. 
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