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Conversion of Formamides to Alcohols via N-Nitrosation
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Secondary formamides were found to be favorable sources for
the efficient oxygenation site via N-nitrosation. Thermal reaction
(85 C in benzene) of N-nitroso formamides proceeded effectively to
provide the corresponding formates in good yields, which, then,
were hydrolyzed to alcohols under weakly basic conditions. 1In
treatment of optically active formamide, the corresponding alcohol
was isolated with 72% retention of configuration.

Transformation of nitrogen functional groups into oxygen functional groups
(oxygenation) is of fundamental importance in synthetic organic chemistry.
Although aliphatic primary aminesl) and acetyl- and benzoylated amines2) have been
subjected to oxygenation to alcohols or esters, the traditional methods still
suffer from inconsistent product yields or from the formation of such by-products
as isomerized products or olefins. We would like to report that formamides (1)
which are prepared efficiently by various methods3) are useful source-functional
groups available effectively for oxygenation.

R-NH-CHO —> R-N(NO)-CHO —> R-0-CHO + N

1 2 3

Sodium nitrite (10 mol equiv per one formamide) was added to a mixture of
acetic anhydride (4 part), acetic acid (one part), and 1 at ambient temperature
and, then, the whole was stirred for 90 min.u) To the mixture was added ten
volumes of water and the whole was stirred for 60 min. N-Nitroso formamide (2)
was extracted with a half volume of benzene or toluene and the organic layer was
washed four times with water and dried over magnesium sulfate. On TLC (Merck Art
5715, CHCl; : acetone 95 : 5 v/v) the product appeared as clear one spot, indicat-
ing complete N-nitrosation of 1. After removal of magnesium sulfate by filtration
through Celite, the filtrate was stirred and heated at 85 - 95 C, while the pro-
duct formation was monitored on TLC. When 2 disappeared completely, the solvent
was evaporated carefully at as low temperature as possible under reduced pressure.
The residue was chromatographed on a silica gel column (Merck Art 7734, 0.063 -
0.02 mm) to isolate formates (3). The results are summarized in Table 1.

N-Nitroso formamides (2) were transformed efficiently to the corresponding
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formates (3) in more than 40 h, independent of mono- (entries 1-8) or «,w-di- for-
mamide (entries 9-11). Changes in the reaction time up to 112 h or in the reac- V
tion temperature raised up to 95 C by use of toluene did not affect the total
results at all. The reaction rate seems rather more dependent on N-alkyl substi-
tuents of 1; when the formamido group is bound to the secondary alkyl group
(entries 7,8), N-nitroso formamide (2) disappeared ca. 20 times faster than those
attached to the primary alkyl group (entry 6). Interest in stereochemistry of the
oxygenation reaction made us apply the present procedure to optically pure enanti-
omers (entries 7,8); through the measurement of the specific rotation of the
isolated formate, it was found that the oxygenation proceeded fairly with reten-
tion of configuration configuration.5)

Table 1. Formation of Formates (3) from Formamides (1)
via N-Nitrosation

Entry Formamide Time/h Formate/% olefin/% 1H NMRa)
No. (1) (max.) (3) 6 OCHO
1 PhthN(CH) yN(CHp)3-NH-CHO 43 ( 88) 77 tr 8.00

Ts
2 PhthN(CH)3N(CHp)3N(CHp)3-NH-CHO 63 72 tr 8.04
Ts Ts
3 PhthN(CHp)3N(CHp)yN(CHp)3-NH-CHO 64 (112) 75 tr 8.04
Ts Ts
4 PhthN(CHy) yN(CHp)3N(CHp)3-NH-CHO 44 ( 92) 73 18 8.04
Ts Ts
5 PhthN(CH»)3N(CHp)3N(CHp) y~NH-CHO 40 ( 73) 79 tr 8.04
Ts Ts
6 CgH5CHoNH-CHO 41 40P)  (toluene)  8.15
7 (+) CgHgCH®(CH3)NH-CHO 2 32b,¢) 8.09
8 (=) CgH5CH®(CH3)NH-CHO 2 33b) 8.09
9 OHC-NH(CHp)3N(CHp) yN(CHp)3NH-CHO 46 ( 73) 75 8.04
Ts Ts
10 OHC-NH(CH2)3N(CHp)3N(CH2)3NH-CHO 73 (110) 72 8.04
Ts Ts
11 OHC-NH(CHp) 3N(CH) 3NH-CHO 40 85 8.03
Ts

a) Recorded on JEOL GSX5008 (500 MHz) instrument with Me,Si1 as the internal stan-
dard (6 in ppm). b) Since the products were very volatile, it was hard to deter-
mine exact product yields by isolation; on TLC, actual yields seems much better
(see also Footnote c¢) in Table 2). <c¢) See, Ref. 5.

The other characteristics of the conversion method of formamide to formate
are implicated to the side reactions, olefin formation and denitrosation reaction
of 2 as pointed in general in the transformation of N-nitrosated sulfonamides6)
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and acylamides.z) In entries 1 through 5, all the spots on TLC were isolated care-
fully and the structures of products were analyzed. It turned out that (a) the
corresponding terminal olefin was the sole by-product, produced generally in trace
amount (entries 1,2,3,5) and, at most, in less than 18% yield (entry 4); (b)
neither denitrosation back to the formation of 1 nor any isomerization in the
alkyl group was detected at all. In sum, quantitative N-nitrosation of formamides
and subsequent thermal reaction provide an alternative route much better and syn-
thetically more feasible in all respects than the conventional oxygenation methods
of nitrogen functional groups.

Additional advantage lying in the oxygenation through the formamide route 1is
obvious in hydrolysis of formates; Table 2 shows three preliminary methods for
hydrolysis. When o-phthalimidated formate was heated with hydrazine hydrate (10
mol equiv) in DMF (entry 12), w—-formamido alcohol was produced in excellent yield
since phthalimides are transformed to formamides under the conditions.3€) Methods
B and C are more feasible in general use owing to the operational simplicity; in
the method B, one or two drops of saturated ammonia water was mixed, while, in the
method C, moistened ammonia gas was mixed, which was taken out 4 to 10 times with
2 mL volume of a pipette from the upper atmosphere of the bottle contalining sat-
urated ammonia water allowed to stand right after vigorous shake.

Table 2. Preliminary Typical Hydrolysis Methods of Formates (3)
to the Corresponding Alcohols

Entry Formate (3) Alcohol/% Method?@)

12 PhthN(CHp)4N(CHp)3-0-CHO 96 AD)

Ts
13 OHC-O-(CHp)3N(CHp)yN(CHp)3-0-CHO 87 B

Ts Ts
14  OHC-O0-(CHp)3N(CHp)3N(CHp)3-0-CHO 89 B

Ts Ts
15  CgHgCHp-0-CHO u7e) c
16  (+) CgH5CH®(CH3)-0-CHO 52¢) c
17 (-) CgH5CH®(CH3)-0-CHO 46°) c

a) Methods: A NpHy-HpO / DMF, 85 C / 27 h, B 28%-NHjyOH / MeOH, r.t. / 1 h,

C Moistened NH3 gas / MeOH, r.t. / overnight. b) By this method, the product
obtained was the corresponding w-formamido alcohol (see Ref. 3e). c¢) On account
of volatility of the preceding formates, ylelds shown are based on the correspond-
ing amine (entry 15) and formamides (entries 16, 17); on TLC, the hydrolysis pro-
ceeded in excellent ylelds: see also Ref. 7.

Since hydrolysis of formates proceeds 100 times faster than acetates8) and
even much faster than benzoates, selective cleavage of formate ester in the pre-
sence of acetate and benzoate will be made possible; thus, the total transforma-
tion process described in the present report will function strategically in syn-
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thetic fields relevant to amine and alcohol functional groups. Although we have
not described the significance of the compounds subjected to transformation ahove,
most of them are natural polyamine derivatives. In particular, «.,w-diol produced
in entry 13 is latent "spermindiol" which enhances enzymic activity for DNA
hydrolysis and RNA degradation.9) The present approach provides an efficient
method for the synthesis of alcoholic analogues of natural polyamines, spermidine,
spermine, thermine, and thermospermine.
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