
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

β-KETONITROSAMINES AS SYNTHETIC EQUIVALENTS OF α-
METHYLENE ALKANOLAMINO ANIONS
Joseph E. Saavedraa; David W. Famswortha

a NCI-Frederick Cancer Research and Development Center, ABL-Basic Research Program, Frederick,
MD

To cite this Article Saavedra, Joseph E. and Famsworth, David W.(1991) 'β-KETONITROSAMINES AS SYNTHETIC
EQUIVALENTS OF α-METHYLENE ALKANOLAMINO ANIONS', Organic Preparations and Procedures International,
23: 2, 139 — 146
To link to this Article: DOI: 10.1080/00304949109458300
URL: http://dx.doi.org/10.1080/00304949109458300

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304949109458300
http://www.informaworld.com/terms-and-conditions-of-access.pdf


ORGANIC PREPARATIONS AND PROCEDURES INT. 23 (2), 139-146 (1991) 

P-KETONITROSAMINES AS SYNTHETIC EQUIVALENTS OF 
a-METHYLENE ALKANOLAMINO ANIONS t 

Joseph E. Saavedra* and David W. Famsworth 

NCI-Frederick Cancer Research and Development Center 
ABL-Basic Research Program, Frederick, MD 21702 

In the course of our investigations into the pmpolung reactivity of primary amines and 
a-heteroatom-substituted carbanionic synthons, it became necessary to search for umpoled 
synthons of P-alkanolamines.’ Species of this type are needed for the formation of new carbon- 
carbon bonds at the a-position between the hydroxyl and the amino groups. Alkanolamines are 
substances which combine the characteristics of amines and alcohok2 These two functionalities 
make such compounds versatile intermediates in a variety of manufacturing applications; they 
are useful in the pharmaceutical3 as well as in the textile and household products industries? 
Secondary alkyl alkanolamines are also precursors of Phydroxylated nitrosamines, which are 
important compounds in the study of Ntrosamine exposure, metabolism and carcinogenesis? 

We have recently established that P-ketonitrosamines are anionic synthons of the type 
(RCO+ -CHNHR’).6 The enhanced acidity of protons at the a-carbon, as well as the ease of 
fragmentation of these compounds, established them as synthetic equivalents of a-methylene 
alkylamino anions(-CH2NHR).6a Further investigations established the equivalency of p- 
ketonitrosamines to a-methinyl alkylamino (R-CHNHR’) anions.6b In simpler terms, p- 
ketonitrosamines can be alkylated or dialkylated at the a-position. Deacylation of the newly 
formed compounds gives the corresponding dialkylnitrosamines according to the equivalency 
mentioned above. However, if reduction of the carbonyl group is carried out, instead of a 
deacylation reaction, the corresponding p-hydroxynitrosamine results. This series of reactions 
demonstrates the equivalency of a P-ketonitrosamine to an a-(P-alkanolamine) anion 
[R’(HO)CH THNHR] (Eq. 1). A specific example is N-nitrosomethyl-N-2-oxopropylamine 1, 
which upon alkylation with methyl iodide in a slurry of powdered sodium hydroxide-sodium 
carbonate in THF gives N-nitrosomethyl-N- 1 -methyl-2-oxopropylamine 2.6a Sodium 
borohydride reduction of 2 produced N-nitrosomethyl-N- 1-methyl-2-hydroxypropylamine & in 
89% yield. Further demasking of 3 by the removal of the Ntroso group gave the corresponding 
alkanolamine 2, establishing this P-ketonitrosamine as synthetically equivalent to the a-(P- 
alkanolamine) anion la. Compound 1 consisted of a 3:l ratio of threo:erythro isomers & and 
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SAAVEDRA AND FARNSWORTH 

3. These structures were confiied by comparing the denitrosated product 4 with authentic 
samples of threo-3-N-methylamino-2-butanol & and erythro-3-N-methylamino- 

2 (R=R'=Me) 3 (R=R'=Me) 

4 (R=R'=Me) 

(R" = NO) 

(R" = H) 

4-butanol&. When 2 was treated with aluminum-nickel alloy in aqueous base, reduction of 
the ketones as well as denitrosation occurred to give a 63% yield. Under these conditions, the 
ratio of 5rythro:- aminoalcohol a:&) was 57:43. None of these reducing agents showed 
a great deal of diastereoselectivity. However, reduction with sodium borohydride favored the 
formation of the isomer. 

We found a more interesting example of an a-methylene alkanolamino anion equivalent 
in the anion of N-nitrosomethylaminoacetophenone 5. Allcylation of 5 with methyl iodide gave 
N-nitrosomethylamino-2-propiophenone 6 in 83% yield. Because of the commercial availability 
of pseudoephedrine b, and ephedrine Wthro, &), it was convenient to follow the 
diastereochemical outcome of the reduction of 6 under different reaction conditions. Sodium 

NO 
I 

Ph DMF \ -  
5 

111 6 

7a (R=NO) 
8a (R=H) 

+ 

I OH Erythro 

7b (R=NO) 
8b (R=H) 

5a 
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p-KETONITROSAMINES AS SYNTHETIC EQUIVALENTS OF a-METHYLENE ALKANOLAMINO ANIONS 

borohydride reduction of 6 gave mostly the three isomer 3 b-p-nitrosamino a l~oho l )~  which 
was the exclusive isomer obtained (95% yield) by reduction with Lselectride. On the other hand, 
aluminum-copper catalysts favored (96:4) the formation of the anti (erythrQ amino alcohol 
over the isomer &. The yields obtained with other reducing agents are listed in Table 1. The 
results of these reductions may be explained by comparison with the hydride indicated below. 
When a catalytic hydrogenation is carried out, the metal catalyst approaches the molecule 
preferentially from the less hindered side, A-attack? giving the anti product a. A B-attack of 6 
is greatly favored when L-selectride or sodium borohydride are used, affording the a product 
a. This is consistent with the stereochemical behavior of tertiary aminoketones? where the 
preference for B-attack increases with increasing steric hindrance exerted by groups attached to 

Ph 

6 

the amino nitrogen. In our case, the nitroso moiety seems to be responsible for the stereochemical 
outcome of the reaction. Table 1 gives a summary of the alkylation and subsequent reduction of 
P-ketonitrosamines depicting their equivalency to alkanolamino anions. The difference in 
reactivity between the 2 and the E rotamers in the reduction of N-nitrosomethyl-N-methyl-2- 
oxopropylamine 2: with sodium borohydride is under investigation. Preliminary studies indicate 
that the E rotamer is reduced at a faster rate than the Z isomer. However, the diastereomenc 
outcome of the reaction is the same for both rotamers. 

EXPERIMENTAL SECTION 

Proton Nh4R spectm were recorded using a Nicolet NT-300 or a Varian XL-200 spectrometer. 
Mass spectral measurements were carried out on a VG-Micromass model 7070 spectrometer. 
The IR spectra were obtained on a Perkin-Elmer 467 spectrometer. Gas Chromatographic 
analyses were carried out on a Shimadzu Model 4BM gas chromatograph equipped with a 
Hewlett-Packard 18652A A/D converter coupled to the recorder of a flame ionization detector. A 
3% OV-210 on 80/100 Supelcoport 1-1956 column was used. Melting points were determined on 
an Electrothermal capillary melting point apparatus and were not corrected. 
WARNING: All the nitroso compounds herein described are carcinogenic and/or mutagenic? 
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SAAVEDRA AND FARNSWORTH 

TABLE 1. Methylation and Reduction of p-Ketonitrosamines 

Alkylation Demasking Product threa/ervthro 
Equivalence Source Product(%yield) Conditions (%)yield. Ratio 

la 1 2 (65%) NaBH, W&(89%) 311 
Al-Ni/OH- w& (63%) 0.7511 

5a I 6 (83%) NaBH, m ( 9 7 % )  7.311 
L-Selectride a (95%) 
NaE%H,CN Wj! (82%) 1.9711 
Al-Ni/OH- &/& (72%) 0.3711 
Al-Cu/OH- &I& (83%) 0.0411 

Reduction of N-Nitrosomethvl-N- 1 -Methvl-2-oxoproDvlamhe (2) w ith Sodium Borohvdride.- 
To a solution of 203 mg (1.56 mmol) of N-nitrosomethyl-N-1-methyl-2-oxopropylamine 26a in 
2.5 ml of ethanol was added 59 mg (1.58 mmol) of sodium borohydride. The mixture was stirred 
at 25O overnight. The reaction mixture was treated with 5% aqueous hydrochloric acid, and 
extracted with methylene chloride. The organic layer was dried over sodium sulfate, filtered 
through a layer of magnesium sulfate and evaporated in m. Purification of the product was 
accomplished on dry-packed silica gel, eluted with 2:l methylene ch1oride:ethyl acetate to give 
184 mg (89%) of a 3: 1 mixture of ~-nitrosomethyl-N-methyl-2-hydroxypropylamine & and 
the grythro isomer 2. The physical and spectral properties of these compounds were identical to 
standards synthesized by unequivocal methods (vide m. 
Reduction of 2 with Aluminum-Nickel Allov in Basic Medium.- To a solution of 100 mg (0.77 
mmol) of N-nitrosomethyl-N-1-methyl-2-oxopropylamine 2 in 11 ml of water was added 1 g of 
aluminum-nickel alloy. To the well stirred slurry, was added 5 ml of 10% aqueous potassium 
hydroxide over a 30 minute period, The cooling bath was removed and the reaction mixture was 
stirred at 25' for 3.5 hrs. The mixture was filtered, the filtrate extracted with methylene chloride 
and dried over anhydrous sodium sulfate. The solution was filtered and evaporated to give 50 mg 
(63%) of a 1.3:l mixture of !?rythr~-3-methylamino-2-butanol & and h-3-methylamino-2- 
butanol h. The spectral and physical properties of these alkanolamines were identical to those of 
authentic samples (vide infrd. 
mo-3-Methv-o - -  2 butano 1 (4aJ.- A solution of 2.0 g (28 mmol) of &2,3-epoxybutane in 
50 ml of methanol at Oo, was saturated with methylamine gas, allowed to warm up to room 
temperature, and stirred for 18 hrs. The reaction mixture was evaporated in vacug and the 
resulting oil was distilled in m to give 348 mg (12%) of w-3-methylamino-2-butanol @a), 
bp 24OIO.9 mmHg. R(film): 3320,2979,2880,2804,1446,1381, 1329,1200,1173,1115, 1100, 
1075, 1030, 1006 cm-'; 'H NMR: 6 1.05 (d, 3H), 1.18 (d, 3H), 2.10-2.33 (m, IH), 2.44 (s, 3H), 
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~KETOMTROSAMINES As SYNTHETIC EQUIVALENTS OF U-METHYLENE ALKANOLAMINO ANIONS 

2.51 (s, lH), 3.25-3.42 (m, 1H); MS m/z (relative intensity): 104 @I+', l), 88(4), 70(6), 60(22), 
59(6), 58(100), 56(7), 51(6), 49(18), 45(34), 44(7), 43(40), 42(10); exact mass (M+'): 104.1075, 
required for C,H,,NO @I+'): 104.1063. 
Anal. Calcd for C5H13NO*HC1: C, 43.03; H, 10.04; N, 10.79 

Found C, 41.38; H, 9.80; N, 9.83 
The urea, mp. 99-100" (EtOH), was prepared by reaction with phenylisocyanate.8 
Anal. Calcd for C12H,,N202: C, 64.84; H, 8.16; N, 12.60 

Found C, 64.83; H, 8.57; N, 12.58 
~rYthro-3-Methvlamino-2-butanol (4bl.- A solution of 0.50 g (7.0 mmol) of --2,3- 
epoxybutane in methanol was treated with methylamine gas as described above. Crystallization 
of the product gave 43 mg (6%) ~rythr~-3-methylamino-2-butanol &, mp 30-31". IR(film): 
3317,2980, 2803, 1650, 1448, 1377, 1151, 1116, 1088, 1053, 1009 cm-'; 'H NMR 6 1.01 (d, 
3H), 1.11 (d, 3H), 2.34 (s, lH), 2.45 (s, 3H), 2.5-2.62 (m, lH), 3.82-3.94 (m, 1H); MS m/z 
(relative intensity): 103(M+, l), 88(4), 73(4), 59(9), 58(100), 57(4), 56(10), 45(4), 44(7), 43(9), 
42(14), 41(4); exact mass (M+): 103.0997; required for C,H,,NO @I+): 103.1015. 
Anal. Calcd for C5H13N0.HCl: C, 43.03; H, 10.04, N, 10.79 

Found: C, 42.13; H, 10.28; N, 9.56 
The urea, mp. 84-86' (EtOH), was prepared by reaction with phenylisocyanate.8 
m. Calcd for C12H18N202: c ,  64.84; H, 8.16; N, 12.60 

Found C, 64.85; H, 8.08; N, 12.63 
W-3-N-Nitrosaminomethvl-2-butanol (3aI.- To a solution of 100 mg (0.97 mmol) of a - 3 -  
methylamino-2-butanol (4a) in 4 ml of water was added 0.8 ml of 10% aqueous hydrochloric 
acid. The resulting solution was mated with 167 mg (2.4 mmol) of sodium nitrite, and stirred at 
room temperature for 2 hr. The mixture was extracted with methylene chloride, dried over 
sodium sulfate, filtered and evaporated in vacug. The crude product was purified on a dry-packed 
silica gel column, eluted with 2: 1 methylene ch1oride:ethyl acetate to give 36 mg (28%) of h- 
3-N-nitrosaminomethyl-2-butanol&. IR(film): 3380,2982,2940,2883,1458,1427,1381,1343, 
1277, 1238, 1159, 1122, 1083, 1053, 1022 cm-'; 'H NMR E isomer (91.4%): 1.29 (d, 3H), 1.44 
(d, 3H), 1.76 (s, lH), 3.07 (s, 3H), 3.98-4.10 (m, lH), 4.42-4.56 (m, 1H); Z isomer (8.6%): 6 1.17 
(d, 3H), 1.44 (d, 3H), 1.76 (s, lH), 3.76 (s, 3H), 3.80-3.87 (m. lH), 4.93-5.00 (m, 1H); MS m/z 
(relative intensity) 132 (M+, 2), 102(1), 87(16), 72(7), 71(4), 58(100), 57(42), 56(36), 55(6), 
45(88). 44(4), 43(18), 42(55); exact mass (M'): 132.08989, required for C5Hl2N2O2 (M+): 
132.08997. 
Anal. Calcd for C5H12N202: C, 45.45; H, 9.09; N, 21.21 

Found: C, 44.19; H, 9.14; N, 21.04 
~rvthro-3-N-Nitrosaminometh~l-2-butanol (3bl.- Nitrosation of erythro-3-methylamino-2- 
butanol &) was carried out as described above for the three analog. IR (film) 3400,2986,2942, 
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SAAWDRA AND FARNSWORTH 

1466, 1430, 1380, 1338, 1279, 1234, 1157, 1118, 1070, 1045, 1010 cm-'; 'H NMR: E isomer 
(93%): 6 1.25 (d, 3H), 1.73 (d, 3H), 1.99 (s, lH), 3.06 (s, 3H), 4.106-4.22 (m, 1H); MS d z  
(relative intensity): 132 @I+, 2), 102(1), 87(18), 85(20), 84(30), 72(7), 58(100), 57(44), 56(37), 
55(6), 51(14), 49(45), 47(8), 45(89), 43(20), 42(56); exact mass @I+): 132.08999, required for 
C,H12N202 @I+): 132.08W. 
Anal. Calcd for C5HI2N2O2: C, 45.45; H, 9.09; N, 21.21 

Found: C, 45.12; H, 9.12; N, 21.11 
N-Nitrosomethvlaminoacetophenone (51.- To a solution of 5 g. (0.033 mol) of d,l-a- 
(methylaminomethy1)benzyl alcohol9 in 38 ml. of distilled water was added 10 ml of 
concentrated sulfuric acid. To the resulting solution was added a solution of 4.97 g. (0.05 mol) of 
chromium trioxide in 30 ml of water over a 2 hr period at 400. The solution was cooled to 00, and 
100 ml of methylene chloride were added. To the two-phase mixture was added a 2M aqueous 
solution of 4.6 g. (0.066 mol) of sodium nitrite. The mixture was stirred at room temperature 
overnight. The organic layer was separated, and the aqueous layer extracted three times with 
methylene chloride. The combined organic layers were dried over sodium sulfate, filtered 
through a layer of magnesium sulfate and the solvent removed on a rotary evaporator to give a 
crystalline product. The crude product was recrystallized from ether:petroleum ether to give 3.66 
g (62%) of 2, mp 112-114O. IR(film): 3032, 2934, 1674, 1598, 1581, 1440, 1326, 1228, 1170, 
1050 cm-l; 'H NMR E isomer (68%): 6 3.17 (s, 3H), 5.65 (s, 2H), 7.46-7.59 (m, 3H), 7.99-8.04 
(m, 2H); 2 isomer (32%): 6 3.94 (s, 3H), 4.99 (s, 2H), 7.60-7.72 (m, 2H), 7.91-7.96 (m, 2H); 
MS: dz(re1ative intensity) 179 (M+', 100), 148(5), 129(4), 105(6), 91(4), 89(5), 85(9), 81(4); 
exact mass @I+): 178.0736, required for G$Il$J2O2 @I+): 178.072. 
Anal. Calcd for C9H10N202: C, 60.67; H, 5.62; N, 15.73 

Found: C, 60.62; H, 5.63; N, 15.46 
N-Nitrosomethylamino-2-DroDioDhenone (61.- To a solution of 337 mg (8.4 mmol) of powdered 
sodium hydroxide and 337 mg (3.18 mmol) of powdered sodium carbonate in 3 ml of N,N- 
dimethylformamide @MF) was added 1 g (5.6 mmol) of N-nitrosomethylaminoacetophenone 5 
in 3 ml of DMF. To the resulting slurry was added 0.52 ml (8.4 mmol) of methyl iodide. The 
mixture was stirred at 25O for 1.25 hr. The reaction mixture was taken up in ether and filtered. 
The filtrate was washed with water, dried over anhydrous sodium carbonate and filtered through 
a layer of magnesium sulfate. The solvent was removed on a rotary evaporator, the residual oil 
chromatographed through dry-packed silica gel and eluted with methylene chloride to give 903 
mg (84%) of pure N-nitrosomethylamino-2-propiophenone 8. IR(film): 3068,2993,2941, 1968, 
1910,1821,1687,1600,1443,1220,1077,1028 cm-l; 'H NMR E isomer (64%): 6 1.17 (d, 3H), 
2.98 (s, 3H), 6.44 (4. lH), 7.49 (m, 3H), 7.97 (m, 2H); Z isomer (36%): 6 1.41 (d, 3H), 3.71 (s, 
3H), 6.36 (q, lH), 7.64 (m, 3H), 7.83 (m, 2H); MS: dz(re1ative intensity) 192 (M+, 2), 176(17), 
163(8), 162(61), 146(3), 133(3), 128(2), 121(11), 117(2), 107(6), 106(93), 105(100) 104 (5); 
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Exact mass @I+): 192.0887, required for C#,,N,O, @I+): 192.0898. 
a. Calcd for C1&I12N202: C, 62.48; H, 6.29; N, 14.58 

Found C, 62.71; H, 6.33; N, 14.37 
Reduction of N-Nitrosomethvlamino-2-~roDioDhenone (61 
a) S d  ’um Borohvdride.- To 200 mg (1.04 mmol) of 6 in 4 ml of methanol was added 80 mg 
(2.11 mmol) of sodium borohydride at Oo and the mixture was stirred in the cold for 24 hrs. 
Work-up of the reaction mixture and isolation of the products gave 195 mg (97%) of N- 
nitrosopseudoephedrine 
b) L-Selectride nithiurn tri-sec-butvlborohvdride1.- Reduction of 6 in THF was carried out at 00 
with a 1M THF solution of LSelectride (see Table 1). 
c) sodium cvan 0borohvdride.- Reduction of 6 with this reagent was carried out in methanol as 
described above for the sodium borohydride reduction. No diastereoselectivity was observed 
(Table 1). 
d) Aluminum-Nickel Alloy.- To a slurry of 250 mg of the alloy in 2 ml of 1 : 1 methanol-water 
was added 24 mg (0.13 mmol) of 6. To the stirred mixture was added 1 ml of 10% aqueous 
potassium hydroxide dropwise, and stirred a 25O to give, after work-up, 72% yield of a 2.7:l 
mixture of (*)-ephedrine &: (*)-pseudoephedrine &. 
e) Aluminum-Come r A110 v .- Nitrosoketone 6 was reduced over aluminum-copper alloy as 
described above for the Al-Ni analog. An 83% yield of amino alcohol was obtained. Analysis of 
the product indicated that it was predominantly (*)-ephedrine, the gythro isomer & (Table 1). 

and N-nitrosoephedrine 0” in 7.3: 1 ratio. 
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