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Abstract: Carboxylic acid was converted to alcohol in a facile-rapid reduction using samarium 

diiodide in protic solvent under a basic or acidic medium at room temperature in high yield. 

A similar reaction of ester and anhydride reduced to the corresponding alcohol as the major 

products and nitrile afforded amine. Amide was rapidly reduced under a basic medium to 

afford alcohol, but the reduction with samarium diiodide-acid system of amide gave aldehyde 

in quantitative yield. 

Introduction 

In the growing field of divalent lanthanides, the use of samarium diiodide (Sm12) as 

reducing agent in organic chemistry has been the subject of continuous interest. Sm12 has 

proven to be a very useful and versatile reagent, and many applications’ in organic synthesis 

have been published since the pioneering work of Kagan and co-workers. 2,5 However, it is 

known that carboxylic acid, ester, amide, and nitrile functions are not easy to reduce with 

Sm12.4 Generally, carboxylic acids resist except for reduction by hydrides since carboxyl 

functionality is one of the highest oxidation states in other organic functionalities, although 

conversion of carboxylic acids into alcohols is usually important in synthetic chemistry. We 

investigated the use of Sm12-base system as a reducing reagent for carboxylic acids. It 

is interesting to point out that Sm12 presents a high coordination number, a great affinity 

for oxygen atoms, and a reduction potential which is the highest among species soluble in 

an organic medium. The single-electron donor ability of Sm 2+ IS strongly affected by the nature 

of the ligands around Sm 2+ . It has been surmised that the reducing ability can greatly be 

enhanced by the addition of a base to Sm12, such as KOH, LiNH2 and LiOCH3, and the 
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reduction of carboxylic acids has been facilitated by SmI2-base system leading to alcohol.’ 

This system reduced amides and other carbonyl compounds.’ Thus, it was interesting to 

investigate the effect on the reducing power of SmI2 with the additives. We were attracted 

attention to the properties of the lanthanides such as those with a high coordination number 

to form easily suitable chelate, and investigated the reactivity of SmI2 by the addition of 

a variety of acids or bases on the organic functionalities. 

Result and Discussion 

Reduction of Carboxylic Acid, Ester and Anhydride with Sm12-Acid System. We found that 

the addition of a base highly accelerates the single-electron donor ability of and this 

system rapidly reduced a variety of organic functionalities. 596 
SmI2, 

In a series of studies on the 

reactivity of Sml2 with an additive, the combination of SmI2 with an acid has been firstly 

employed to reduce benzoic acid (1) in THF-protic solvent (Table 1). 

Acid 

Table I. Reduction of Benzoic Acid (l)a) with SmI2 b) -Acidc) Systemd) 

d) 
Time ‘tie; dd’ Acid Time Acid Time Yield 

(%) 

85% H3PO4 3 set 91 p2°5 40 min 3 

99% H33 12 min 20 PCC13 3 set 0 ;8Jm;$+ “; “,:; ,; 

H4P207 3 set 68 I-ICI-etherh) 3 set 88 AlCl f’ 3 set 62 

H4P20 
g7 

60 min 16 35% HCl 3 set 75 FeClif) 13 min 23 

‘2’5 10 min 29 85% H2S04 3 set 48 NH,Cl’) 60 set 53 

a) Benzoic acid (1); 0.5 mmol. b) Sm12; 2 mmol, 0.1 M in THF. c) Acid; 1 mmol d)Reactions 
were carried out at room temperature under argon. e) Isolated yields of PhCH OH (12). f) 0.5 
ml of H20 was added. g) 0.5 ml of methanol was added. h) 10 ml of ether saturited HCl. 

The Sm12-85% H3P04 system yielded much better results than the other tested Sml -acid 2 
systems, so we investigated the reduction of carboxylic acids, ester, acyl halide and anhydride 

with this system. The reduction of carboxylic acids (1 - 6) proceeded smoothly with this 

system at room temperature to afford the corresponding alcohols (12 - 17) in high yields. 

Interestingly, this system reduced pyridinecarboxylic acids (7 and 8) into the corresponding 

methylpyridines (18 and 19) under similar conditions. Ester (9) was also reduced into alcohol 

in good yield. On the other hand, the reduction of aliphatic carboxylic acids with as Sm12-base 

system had given alcohol in excellent yields.5 In spite of a variety of examinations, similar 

reactions of aliphatic carboxylic acids resulted in unsatisfactory yields. Anhydride (10) and acyl 

chloride (11) were also reduced with this system into alcohol (12) and the reductive C-C 

coupling products (21). A new Sm12-85% H3P04 system rapidly reduced carboxylic acid, ester, 

anhydride and acyl halide under extremely mild conditions (Table II). 
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Table II. Reduction of Carboxylic Acids, Ester, and Anhydride with SmI2-85% H3P04 System a) 

Substrate (No.) Time (set) Product (No.) Yield (%)bl 

PhCOCX-l (1) 3 PhCH2OI-I (12) 91 

PhCOOH (I)‘) 3 PhCH20H (12) 48 

o-CH3C6H4COCX-I (2) 4 o-CH3C6H4CH20H (13) 91 

p-CI-13C6H4COOH (3) 3 

o-C1C6H4CKXXl 1;; 3 

m-CIC6H4COOH 3 

p-ClC6H4COOH (61 3 

2-PyCOOH (7)dl 3 

4-PyCOOH (8)dl 3 

P-CH3C6H4CH20H (141 95 

o-ClC6H4CH20H ( 151 97 

m-CIC6H4CH20H ( 161 96 

p-ClC6H4CH20H ( 17) 94 

2-PyCH3 (181 cl 43 

4 -PyCH3 (191 cl 48 

PhCOOCI-13 (9) 3 PhCH20H ( 121 72 
(PhCO)2O (lO)e) 3 46 PhCHO (201 13 
PhCOCl (Illfl 

PhCH201-I (121 

3 PhCH,OH (121 31 (PhCHOH), (211 40 

a) The reactions were carried out using 0.5 mmol of substrate, 2 mmol of SmI (0.1 
in THF solution), and 0.5 ml of 85% H PO at room temperature under argon. 2b1 

M 
Isolated 

yield. c) SmI ; 1 mmol. d) Py; pyridyl. e) gy-aoducts; 1,2-diphenyl-1,2-ethandiol (21) (9 %), 
1,2_diphenyletl?anol (22 %). f) By-products; 1,2_diphenylethanol (14 %), benzoin (trace). 

In general, reduction of carboxyl functionality offers certain difficulties in the presence 

of protic solvent with ordinary reducing agents under mild conditions. The reducing ability of 

Sm12 can greatly be enhanced by the addition of protic acid or base, and its reduction proceeds 

with facility and rapidity in the protic solvent including water. 

system, the single-electron donor ability of Sm 2+ 
In the reduction of Sm12-base 

becomes intense by the coordination of 

base to Sm 2+. The use of Sm12 in the presence of an acid facilitates reduction for the 

lowering of reduction potential consequent upon the action of the acid to the substrate and 

further coordination of the conjugate base to Sm 2+ . As described above, the addition of an acid 

or base in the reduction with Sm12 proved to have a stronger reducing ability than the use of 

Sm12 alone, and rapidly reduced carboxylic acids and their derivatives. 

Reduction of Amides, Hydrazides, and Hydroxamic Acids with Sm12-Acid System. Little work 

has been reported on the reduction of amide with Sm12 except for the our previous paper.’ 

We dealt with primary amides, hydrazides, and hydroxamic acids in an analogous procedure to 

use the acids as an additive. The results are tabulated in Tables III - V. 

The reaction of benzamide (22) with Sm12 in the absence of an acid gave only a trace 

of benzyl alcohol 12 and resulted in recovery of the starting material (Entry l), and a similar 

reaction adding H20 afforded alcohol 12 accompanied by a trace of amine (34) (Entry 2 and 

31. 
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Table III. Reduction of Amides with SmI2-85% H3P04 System a) 

Entry 
No. Amide (No.) Sml b’ 

inn%1 
85% H PO ml3 4 Time Product (No.) Yieldc’ 

W) 

1 

ze’ 

PhCONH2 (22) 

PhCCNH2 (22) 

3f’ PhCONH, (22) 

4 PhCONH2 (22) 

5 PhCONH2 (22) 

6 o-CI-13C6H4CCXW2 (23) 

7 m-CH3C6H4CONH2 (24) 

8 p-CH3C6H4CONH2 (25) 
9 o -l-DC6H4CONH2 (26) 

10 o-ClC6H4CONH2 (27) 
11 m-C I C6H4CONH2 (28) 
12 p-ClC6H4CCNH2 (29) 

13 Piperonylamide (30) 

14 PhCONHPh (31) 

15 

16 

PhCH2CONH2 (32) 4 1 

Ph(CH2)2CONH2 (33) 4 1 

L 

4 none 

4 none 

8 none 

4 1 

2 0.5 

4 1 

4 1 

4 1 

4 1 

4 1 

4 1 

4 1 

4 1 

4 1 

8 hd’ 

2 min 

90 min 

3 set 

2 set 

3 set 

3 set 

3 set 

3 set 

3 set 

3 set 

3 set 

3 set 

3 set 

90 set 

4 min 

PhCH2CH (12) 3 

PhCH20H (12) 36 

PhCH2NH2 (34) 1 

PhCH20H (12) 63 

PhCH2NH2 (34) 1 

PhCHO (20) >99 

PhCHO (20) 65 

o-CI-13C6H4W0 (35) 90 

m-CH3C6H4CH0 (36) 74 

p-CH3C6H4CH0 (37) 91 

o-HOC6H4CI-D (38) 97 

o-ClC6H4CH0 (39) >99 

m-ClC6H4CH0 (40) >99 

p-C1C6H4CH0 (41) a99 

Pi peronal (42) a99 

PhCH2NHPh (45) 66 

PhCHO (20) 23 

PhCH20H (12) 4 

PhCH2CH0 (43) 14 

Ph(CH2)2CH0 (44) 6 

a) The reactions were carried out using 1 mmol of substrate at room temperature under 
argon. b) Sm12 in THF (0.1 M). c) Isolated yield. d) Interrupted reaction time. e) 0.1 ml of 
H20 was added. f) 0.2 ml of H20 was added. 

It was quite unexpected that treatment of amides with Sm12-acid system produced not 

alcohol but aldehyde. In order to examine the reducing ability of Sm12-acid systems toward 

amide, our first trial conducted with the reactions of benzamide 22 using 4 mol eq of Sm12 

in the presence of acids produced as follows: used acid (yield of aldehyde (20)), 85% H3P04 

(99%), 80% H2S04 (66%), dry HCI-ether (68%), cont. HCI (59%), P205 (0%). In these reactions, 

amide 22 was rapidly reduced with the Sm12-85% H3P04 system at room temperature into 

benzaldehyde 20 in a quantitative yield. Compared with the result by this system, the reductions 

with the other Sm12-acid systems gave aldehyde 20 in low yields accompanied by benzyl alcohol 

12 and/or benzylamine 34. Accordingly, it can be assumed that the Sm12-85% H3P04 system 

is the most appropriate for the reduction of amide into aldehyde of the Sm12-acid systems 

tested. Aromatic amides (22 - 33) were rapidly reduced with Sm12 (4 mol eq)-85% H3P04 

system to the corresponding aldehydes I20 and 35 - 42) at room temperature in quantitative 
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yields accompanied with a trace of amines. The yield of aldehyde 20 was decreased in a similar 

reaction of amide 22 using 2 mol eq of Sm12 (Entry 5). Contrary to these results, similar 

reactions of aiiphatic amides (32 and 33) with this system were unsatisfactory in the yields of 

aldehydes (43 and 44). For the difference of these observed aldehyde yields, the cause might 

be the difference in stability of the ketyl radicals, which are intermediates in the reducing 

process with Sm12, la between aromatic amides and aliphatic amides. 

As shown in Table IV, 2- and 4-pyridinecarboxamides (46 and 47) were rapidly reduced 

with this system to give 2- and 4-methylpyridines (18 and 19) as major products, respec-tiveiy. 

These results are similar to the previous results, where the carboxyl and aldehyde moieties of 

benzoic acid derivatives were reduced into methyl group with Sm12-base system. 

Table IV. Reduction of Pyridinecarboxamides (46 and 47) with Sm12-85% H3P04 System a) 

Amide Sm12 b, 85% H3P04 Time Product (No.) Yield (%)‘) 

(No.) mnol ml PY_ PY*2m PY-CH3 

(46) 
(46) : 

none 1 min (48) 10 (49j 17 - 
none 35 min (48) 24 (49) 62 

1::; 2 
0.2 2 set - (49) 55 (18y 15 

(47) ‘: 
0.5 2 set (18) 88 

none 40 set (50)- 6 1 - 

(47) 2 none 100 min (50) 8 (51) 19 (19) trace 
(47) 2 0.2 3 set (50) 1 (51) 18 (19) 33 
(47) 4 0.5 3sec - - (19) 67 

a) The reactions were carried out using 0.5 mmol of substrate and 0.5 ml of 85% H3P04 
at room temperature under argon. b) Sm12 in THF (0.1 M). c) Isolated yield. 

Table V. Reduction of Hydrazides (52 and 53)aynd Hydroxamic acids(54 and 55) 
with Sm12-85% H3P04 

Compound (No.) Sml 2b’ 85% H3P04 Time Product (No. ) Yieldc) 

IllllOI ml set (%) 

PhCCNHNH2 (52) 4 

o -HOC6H4 cxxwNH2 (53jd) 4 

PhCONHW (54) 4 

o-HOC6H4COM-K>H (55 1 d, 4 

1 3 PhCHO (20) 81 

PhCONH2 ( 22) 17 

1 3 o-l-DC6H4CH0 (38) 

1 3 

o-HOC6H4CONH2 ( 26) ;; 

PhCkD (20) 

PhCONH2 (22) 6 

I 3 o-HOC6H4CH0 (38) 59 

o-HOC6H4CDNH2 ( 26) 40 

a) The reactions were carried out using 1 mmol of substrate and 1 ml of 85% H PO4 at 
room temperature under argon. b) Sm12 in THF (0.1 M). c) Isolated yield. d) The subst ate was 9 
dissolved in 6 ml of methanol. 
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In order to examine the reducing ability of this system toward the related functionalities 

of amide, hydrazides (52 and 54) and hydroxamic acids (53 and 55) were treated with this system 

under similar conditions. These compounds were similarly reduced with this system to give the 

corresponding aldehydes (26 and 36) and amides (22 and 26) (Table V). 

The syntheses of aldehydes are more diverse and extensive than the syntheses of any other 

class for reasons of a reactive functional group and the middle of the different oxidation levels 

of organic compounds. Taking into account the utility of aldehydes as valuable intermediates, 

the discovery of truly milder and general synthetic methods has been desirable. On the other 

hand, primary amides are usually available by common synthetic methods. However, the 

conversion of amides to aldehydes is often difficult because of the further reactivity of the 

formed aldehyde to reduction. A few methods have been reported for the reduction of amides 

to aldehyde, such as the use of LiAlH4 (tertiary amides),’ LiAIH2(0Et) 

PC15/SnC12 (Sonn-Mflller method, a&ides of 29 
(tertiary amides),* 

aromatic carboxylic acids) 

(tertiary amide&l’ 

and Na-liq. NH8 

The reduction of primary amides into aldehydes with hydrides is not suitable 

because of the consumption of hydrides with active hydrogen. However, as described above, 

reports of the general direct reduction of primary and secondary amides to aldehydes have 

apparently not been published previously. 

Treatment of amides with SmI2-acid system produced not alcohol but aldehyde, for which 

the present results differed from these preceding results’ and the striking characteristic of these 

reductions is the extremely short reaction time at room temperature. It is noteworthy that these 

reductions of aromatic amides into aldehydes can be rapidly performed under mild conditions in 

quantitative yields, so the Sm12-85% H8P04 system provides a useful route for the direct 

synthesis of aromatic aldehydes from amides in synthetic chemistry. 

Reduction of Nitrile with Sm12-Acid or Base System. Based on our previous observation that the 

electron transfer from Sm12 was highly promoted by a coexisting base or acid, the present paper 

deals with the reduction of nitriles with Sm12-base or acid system. 

Kagan and Namy reported that aliphatic and aromatic nitriles are unreactive toward 

Sm12.4 However, as shown in Tables VI and VII, both aromatic and aliphatic nitriles (56 - 65) 

were rapidly reduced with the Sml2-85% H3P04 or 50% KOH system in the presence of H20 

at room temperature to the corresponding primary amines (34 and 66 - 74) in good yields. In 

these reductions, methanol was able to be used as a source except for H 0. 2 These reductions 

also proceeded with other acid-Sm12 systems, such as HCl, H2S04, FeC18, POCl8, P205, and 

NH4Cl, and with other base-Sm12 systems, such as LiNH2, NaOH, tert-BuOK, Al(i-PrO)8, and 

L iOMe. In the reactions of o- and p-methylbenzonitriles 57 and 58, secondary amines (75 and 

76) were also obtained as by-products under the similar conditions. When o- and p- 

chlorobenzonitriles 59 and 66 were treated with Sm12-base system, the elimination of chloro 

moiety proceeded simultaneously to give benzylamine 34 as the major products. However, the 

chloro moiety of these nitriles was unreactive in the Sm12-85% H3P04 system. 
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As described above, nitriles were smoothly reduced into only the corresponding primary 

am ines, except for nitriles 57 and 58, with both SmI2-base and acid systems at room 

temperature. In these reactions, the reductions with the Sm12-50% KOH system required 8 mol 

eq of SmI2 in order to improve on the yields. Nitriles were reduced with SmI2-85% H3PO4 

system using 4 mol eq of SmI2 with a shorter reaction time in good yields. 

Table VI. Reduction of Nitriles with SmI2-85% H3PO4 System a) 

RCN (No.) Time Product (No.) Yield/%b’ 

o-CH3C6H4CN ( 57) 

PCH3C6H4(N (58) 

o-ClC6H4CN (59) 

p-ClC6H4CN (60) 

o-I-DC6H4CN (61) 

P -m6H4CN ( 62 1 

1 min 

6 min 

35 set 

10 set 

5 set 

10 set 

30 set 

30 set 

C6H5CH2NH2 ( 34) 81 

C6H5CH2NH2 ( 34) 99 

o-CH3C6H4CH2NH2 (66) 52 

(o-CH~C~H~CH~)~~E+ (75) 10 

P -Q13C6HqQ12NH2 (67) 55 

(P-CH~C~H~CH~)~NH (76) 14 

o-CIC6H4CH2NH2 (68) 76 

p-ClC6H4CH2NH2 (69) 83 

o-HOC6H4CH2NH2 (70) 90 

p-HCC6H4CH2NH2 (71) 72 

I-naphthonitrile (63) 10 set (I-naphthyl)methylamine (72) 71 

P-naphthonitrile (64) 5 set (2-naphthyl)methylamine (73) 84 

C6H5CH2CN (65) 50 set C6H5CH2CH2NH2 (74) 48 

a) The reactions were carried out using 1 mmol of substrate, 4 mmol of Sm12 (0.1 M in 
THF solution), and 1 ml of 85% H3P0 at room temperature under 

argon. b) Isolated yield. c) Sm12 8 mol eq.4Benzonitrile 1 mmol. 

Table VII. Reduction of Nitriles with Sm12-50% KOH System a) 

SmI b, c) 

RCN (No. 1 mo12eq 
Time Product (No.) Yield/% 
min prim Amine set Amine 

C6H5CN (56) 
C6H5CN ( 56) 

o-CH3C6H4CN (57) 

o-CH3C6H4CN (57) 

p-CH3C6H4CN (58) 

p-CH3C6H4CN ( 58) 

o-ClC6H4CN (59) 

o-ClC6H4CN (59) 

p-ClC6H4CN (60) 

p-ClC6H4C.N (60) 

4 5 (34) 78 

8 25 (34) 91 

4 2 (66) 58 (75) 8 

8 12 (66) 70 (75) 16 

4 6 (67) 64 

8 12 (67) 83 (76) 2 

4 3 (68) 26, (34) 40 

8 4 (68) 6, (34) 77 

4 5 (69) 39, (34) 24 

8 3 (69) 12, (34) 56 
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Table VII (continued) 

Sml bl Time Product (No.) Yield/%c) 
RCN (No. ) mol *eq min prim Amine set Amine 

o-HOC6H4a\l (61) 4 2 (70) 58 

o-l-DC6H4CN (61) 8 9 (70) 88 

p-I-ICC6H4aV (62) 4 1 (71) 36 

p-I-ICC6H4CN (621 8 IO (71) 81 

I-naphthonitrile (63) 4 5 (72) 83 

2-naphthoni tri le (64) 4 4 (73) 86 

C6H5CH2CN (651 4 35 (74) 58 

a) The reactions were carried out using 1 mmol of substrate, and a molar ratio of Sm2:50% 
KOH/l:2 at room temperature under argon. b) Sm12 in THF (0.1 Ml. c) Isolated Yield 

Taking these results into account, it was considered that the reducing ability of the 

Sm12-H3P04 system was superior to that of the Sm12-KOH system. These reductions can be 

rapidly performed under mild conditions, so the Sm12-base and acid systems provide a useful new 

route for the direct reduction of nitriles ‘into the corresponding primary amines in synthetic 

them istry. 

Mechanisms. In order to rationalize the formation of alcohol or aldehyde with the reduction of 

carboxylic acid and acyl derivatives, we propose the following reaction path: for an acidic 

medium on the reduction of carboxylic acid, ester, and acid anhydride with Sm12 (Scheme 1) 

and reduction of amide with Sm12-HZ0 (route b in Scheme 21, the first step is the formation 

of a ketyl radical anion and 0-Sm 2+ bond with two electron donors from two equivalents 

of Sml 
s+ 

After the protonation of intermediate and elimination of H20, CH30H, PhCOOH, or 

NH2Sm from its protonated intermediate (RCH(O+HX)O-Sm*+ or RCH(N+H Sm*+)O-Sm*+), 

an electron is further supplied by two equivalents of Sm12. Finally, the 0-Sm 22+ bond cleaves 

by quenching of dil. HCl or dil. NaOH to furnish alcohol. 

0 

R-:-O-X 
2SmI 2 O-Sm*+ H+ 

5 R-d-O-X 
-@Sm*+ - HOX 

- R-Cl-i + \ 
. . ‘o-x 

;1 

G-Sm*+ 

R-&l 
+ 

- R-CH-O- Sm 2+ 

2Sm12 - H+ 
\ R-CH-O-Sm*’ L R-CH2-O-Sm*+ 

H+ or OH-/H20 
A R-CH20H 

X: H, 0U-13, OCOPh 

Scheme 1 
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On the other hand, amide is an extremely weak base, and therefore the protonation takes 

place in a strong acid medium and was performed not to the nitrogen but to the oxygen for 

the stability by the resonance. In the reduction of amide with SmI2-acid system, after two 

electrons transferred to the protonated intermediate from two equivalents of SmI2, Sm 3+ 

combined with the nitrogen. Aldehyde forms by the final elimination of NH2Sm 2+ , as shown in 

route a of Scheme 2. 

P H+ H+ G-H 
R-C-NH2 

+,0-H 2SmI 2 
-R-C 

.:,0-H 
-R-C + 

\ 

&2 ‘M12-Sm 
2+-R-CH + 

- NH2Sm2+ 
A R-CH=;)-H 

route a \NH2-Sm2+ 

- H+ 

route b 2Sm12/H20 RCHD 

GJb_ Sm2 + 
R-CR + 

- fW2Sm2+ 
\ R-CH=& Sm2+ 

+ - 
-L R-CH-0-Sm 

2+ 2Sm12 

W12-Sm2+ 
, R_&_O_Sm2+ 

H2° , RCH2 -0- Sm2+ 
H+ /H20 

’ RCH20H 

Scheme 2 

The mechanism for the reduction of nitrile with Sm12-50% KOH system is proposed in 

Scheme 3. It seems that the addition of a base highly accelerates the electron transfer process 

of Sml 2 for the coordination of the base to Sm 2+. In the reduction with Sm12-85% H3P04 

system, H3P04 mI”1y attack the cyano moiety of the nitrile to first produce the 

phosphorylated imine , and its imine is then reduced with SmI 2 to form amine, as shown in 

Scheme 4. 

R-CN 
Sm12 

\ R-&N-Sm2+ SmI2 \ R-r!=i(Srn2+J2 H20 \ 

OH- 
- R_cH.G’Sm2 +*- - Sm2+oH 2SmI 2/OH- 

L 
YSm2+ \ R-CH=N-Sm2+ 

- Sm2+OH 
R-?HN(Sm2’), 

H2° L R-CH2N(Sm2+j2 
OH- /H20 

- 2Sm2+OH 
’ R-CH2NH2 

Scheme 3 
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H3P04 SmI2 SmI2/H+ 

R-CN - R-C=NH . R_&H_Sm2+ - R-CT-I-NH-Sm 2+ 

- O=P(GI-I) ,0Sm2+ 

d-P=(GH)2 

I; 

b-P=(GH)2 

b 

R-&H-NH-Sm2+ 
2Sm12 - H+ 

b R-CHNI-I-Sm2+ - R-CH2-NH-Sm2C 

H+ /H20 
‘R-CH2M-12 

Scheme 4 

Conclusion 

The present results may be due to the property of lanthanides that Sm12 bears a high 

coordination number. The addition of an acid or base in the reduction with Sm12 proved to 

have a stronger reducing ability than the use of Sm12 alone. The use of Sm12-acid or base 

system as a reducing agent in organic chemistry is thought to be a very useful method, as a 

variety of organic functionalities, including carboxyl functionality, can be rapidly reduced in 

good to excellent yield at room temperature. The most interesting point in the present results 

is the reaction of amide mediated by Sm12-85% H3P04 system reducing to aldehyde under mild 

conditions in quantitative yield. This reaction seems a useful route for the direct synthesis of 

aromatic aldehyde from amide. 

Experimental 

Infrared spectra (IR) were measured with a Nihon Bunko JASUKO IR A-100 

spectrophotometer, and mass spectra (MS) with a Nihon-Denshi JMS-DIOO mass spectrometer, 

and CC mass spectra (CC-MS) with a Nihon-Denshi JMS AX505W mass spectrometer. Gas 

Chromatography (CC) analyses were performed with a CBP5-S50-050 (50m , 0.33mm, Shimadzu) 

capillary column connected with a Shimazu CC-IA. Products were characterized by comparison 

with authentic sample and with their CC, MS and CC/MS spectra. Commercial THF solution of 

Sm12 (0. IM, Aldrich and Strem) was used throughout this work, and all the reaction were 

carried out at room temperature under argon with magnetic stirring. 

General Procedure for Reduction of Carboxylic Acids and Carboxylic Acid Derivatives with 

Sm12-Acid System. In a typical procedure, a solution of 0.5 mmol of substrate dissolved in 

1 ml of THF was added with use of a syringe pump to a solution of Sm12 (0.1 M in THF, 

2 mmol) and 85% H3P04 (0.5 ml) was immediately added use of a syringe pump. After 

the deep blue color of the reaction mixture changed to yellow green, a chilled 25% NaOH 

(10 ml) was added to the resulting solution and stirred at room temperature for 10 minutes. 
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The separating THF layer was taken up and aqueous layer was extracted twice with ether. 

The organic layer was washed with water and saturated NaCl solution and dried (MgS041, 

filtered and evaporated. The residue was purified by chromatographed on a silica column. 

Evaporation of the petroleum ether/benzene (90/10) gave a pure alcohol and it was 

characterized with authentic sample and by CC, CC/MS and IR spectra. In the case of 

anhydride (10) and acid chloride (II), reaction products furnished 12 to accompany such 

as the by-products of benzaldehyde, diol (21) and 1,2-diphenylethanol in the former and, 1,2- 

diphenylethanol and benzoin in the latter. The results are tabulated in Table II. 

General Procedure for Reduction of Amide with Sm12-Acid System. In a typical procedure, a 

solution of 1 mmol of substrate dissolved in 1 ml of THF was added with use of a syringe pump 

to a solution of Sm12 (0.1 M in THF, 4 mmol) and 85% H5P04 (1 ml) was immediately added 

use of a syringe pump. The typical blue color of Sm12 was immediately disappeared. After 

several minutes, 5% HCl (5 ml) was added to the resulting solution and was stirred for 5 

minutes. The mixture was taken a salting out and the layers were separated. After the usual 

work up, crude product was purified by chromatographed on a neutral alumina column. 

Evaporation of the petroleum ether/benzene (90/10) gave a pure aldehyde and, furnished 

aldehydes (48 and 49), alcohols (49 and 51) and methylpyridines (18 and 19) from 

pyridinecarboxamides (46 and 47), and their were characterized with authentic sample and by 

CC, CC/MS and IR spectra. The results are tabulated in Table III. 

General Procedure for Reduction of Hydrazides and Hydroxamic Acids with Sm12-Acid System. 

In a typical procedure, a solution of 1 mmol of substrate dissolved in 2 ml of THF was added 

with use of a syringe pump to a solution of Sm12 (0.1 M in THF, 4 mmol) and 85% H3P04 

(1 ml) was immediately added use of a syringe pump. After the deep blue color of the reaction 

mixture changed to yellow green, treatment of the resulting solution in the same manner as the 

reaction of amide gave amine from hydrazide and amine accompanied with amide from 

hydroxamic acid. The results are tabulated in Table V. 

General Procedure for Reduction of Nitriles with Sm12-Acid System. In a typical procedure, a 

solution of 1 mmol of substrate dissolved in I ml of THF was added with use of a syringe pump 

to a solution of Sm12 (0.1 M in THF, 4 mmol) and 85% H3P04 (1 ml) was immediately added 

use of a syringe pump. After the deep blue color of the reaction mixture changed to yellow 

green, cont. HCI (2 ml) was added to the resulting solution, and the THF was distilled off under 

reduced pressure. The residue was added 2 ml of H20, washed with ether, basified by the 

addition of 10% NaOH (NaHC05 in the cases of Phenolic nitriles (61 and 62)) and extracted with 

ether. After the usual work-up, the crude product was purified by chromatographed on a alumina 

column to give a pure primary amine, and afforded primary amine (66 or 67) and secondary 

amine (75 or 76) in the tolunitrile (57 or 58), and it was characterized with authentic sample 

and by CC, CC/MS and IR spectra. The results are tabulated in Table VI. 



Y. KAMOCHI and T. KIJDO 

General Procdue for Reduction of Nitriles with Sml2-Eke System. In a typical procedure, 

a solution of 1 mmol of substrate dissolved in lml of THF was added with use of a syringe 

pump to a solution of Sm12 (0.1 M in THF, 8 mmol) and 50% KOH (16 mmol) was immediately 

added use of a syringe pump. After the deep blue color of the reaction mixture changed to 

yellow green, cont. HCl (2 ml) was added to the resulting solution, and then treatment of 

the reaction mixture in the same manner as the reaction of nitriles with Sm12-base system 

afforded amine. The results are tabulated in Table VII. 
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