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Summary: Primary amines protected by incorporation into a “triawne” derivative (3) are stable to various reaMion, 
oxidation, organomeraliic, and basic hydrolysis cona’itions, and may be regenerated by treatment with 
aqueous ammonium chloride at 70 Y An qpiication to polyamine synthe& is described. 

Temporary amino protection is typically achievable using a carbama& derivative, such as benzyloxycarbonyl (Z) or 
t-butoxycarbonyl (BOC), or an N-trityl, N,Ndibenzyl. N,Ndisilyl, or N-phtbaloyl derivative.12 There is nonetheless 
a continuing need for amino protecting groups that have favorable formation and removal features, and that can withstand 
basic, nucleophilic, oxidative, reductive, and aucylation conditions that might arise during amino alcohol, polyamine, and 
peptide synthesis. We sought a new protecting group that blocks both N-H positions and does not contain au 
electrophilic carbonyl group or a nucleophilic nitrogen. The 1,3,5-tri-N-substituted hexahydro-2-oxo-1,3,5-triazine 
@&one”) group (3), known for many years in other contexts, 3.4 appeared to have the requited characteristics. 
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Triazones 3 can be conveniently and inexpensively prepared from a primary amine 1 (1 equiv), aqueous 
formaldehyde (2-30 equiv), and a symmetrically disubstituted mea 2 (1 equiv).3J Under these conditions, occasionally 
modified by the use of a cosolvent such as dioxane, ethanol, or toluene, the &zones 4 - 23 were assembled in the yields 
shown. In general, alkyl- and arylamines, unsaturated amines, amino alcohols, and @)-a-amino esters form triazone 
derivatives. Additionally, triazone esters such as 21 may be hydrolyzed in high yield using ethanolic LiOH at room 
temperature to afford the &zone carboxylic acid. The products 3 may be chromatographed on silica gel without 
decomposition, although for many of them a simple extractive workup provides material of adequate purity. Methyl and 
benzyl have proven to be the most useful urea substituents, the former giving the highest yields and the latter exhibiting 
the most favorable solubility characteristics. N,N’dicyclohexyl- and N,N’diphenylurea gave poor yields of 3. 

Triazone formation may occur by attack of the urea nitrogen on the formaldehyde iminium ion derived from the 
amine nitrogen.6-8 Hydrolysis of 3 back to 1 could also involve iminium intetmediates, be catalyzed by protonation on 
the carbonyl oxygen, and be driven by removal of formaldehyde. when triazones 3 were treated with saturated 
ammonium chloride (pH = 5) at 70’, hydrolysis to the amines 1 ocmmd afk l-3 h (for example, phenethylamine from 
5,90% yield; 3-aminopropanol from 14.84%; trans Zaminocyclohexanol from 16.92%; r-butylamine from 6.87%). 
The urea 2 is regenerated, and the formaldehyde is presumably consumed by reaction with ammonia.9 These conditions 
are mild enough that other common amino protecting groups (BOC. 2. phthaloyl) are unaffected, as demonstrated by 
control experiments. 
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To investigate the configurational stabiity of triazones of u-amino esters and aldehydes,to the phenyhthmine ethyl 
ester uiazone 23 was reduced to the alcohol 24, then oxidized to the aldehyde 25. Reduction back to 24 gave material of 
nearly identical optical rotation, as did direct triazone formation from phenylalanol. It thus appears likely that a variety of 
chemical transformations may be carried out on polyfunctional u&ones without epimerization at sensitive centers or 
destruction of the protecting group.1 1 
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A feature of triazone chemistry which may bear on the mechanism of acidic hydrolysis is revealed by the reaction of 
the methylamine triazone 4 with neat iodomethane to give the ammonium salt 26.12 Although 4 does not survive 
aqueous HCl at room temperature, 26 is stable in aqueous solution, suggesting that protonation on the amine nitrogen is 
not generally sufficient to inii cleavage of a triazone ring. 
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The suitability of triazones for use in polyamine 2ynthe2i213 is demonstrated by the preparation of spermk& (30) 
from the 4-aminobutanol uiazone 13. Oxidation14 of l3 gave the stable, proWted aminobutyraldehyde 27. Couplingls 
of 27 to form the spermidine 4.5~bond was carried out using the iminophosphorane 28, which in mm is available by 
Staudinger reactionl6 of trimethylphosphine and BOC-protecbbd 3-ezidoptopylamiae. Thus 27 and 28 wen? combined in 
THF solution in the presence of activated 4 A molecular sieves. After 45 min. the solution was concentrated, and dry 
methanol and solid Na(CN)BH3 were added. Reduction of the imine was complete after 1 h, and the product 29 wss 
isolated by silica gel chromatography using 20 : 1 die /methanolastheeluant. Aqueoustireadilycleaved 
both the triazone and BOC groups, and following trituration with THF to remove dibenzylmea, pun? spermidine 
tris(hydrochloride) 30 (free of formadehyde derived residues and identical with authentic ma&al by 1H and 13C NMR 
analysis) was isolated in quantitative yield. A noteworthy feature of this approach to polyamine synthesis is the absence 
of interfering cyclization reactions during the oxidation and reductive amination steps.17 
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Illustrative Procedures for Triazone Formation: 5-[I-(S)-(1-Carbethoxy)ethyll-1,3-dibenzyl- 
hexahydro-2-oxo-1,3,5triazine (21). A mixture of 0.768 g (5 mmol) of L-alanine ethyl ester hydrochloride, 1.2 
g (5 mmol) of N,N’dibenzyluxea, and 5.0 mL (67 mmol) of 37% aqueous formaldehyde was stined at 40’ in a 100 mL 
three neck round bottom flask equipped with internal thermometer and Dean-Stark trap. A solution of 1.1 mL. (10 mmol) 
af N-methylmorpholine in 1 mL of dioxane and 40 mL of toluene was added and the temperature was raised to 85’, 
whereupon the solution became homogeneous. Over a 90 min period, 35 mL of distUte was collected in the hap and 15 
mL of toluene was added to the reaction mixture, as the intemal temperahue. rose from 90 to 1 l(r. The reaction mixture 
was cooled and concentrated to a semi-solid residue. Chromatography on silica gel using 3 : 2 ethyl acetate / hexanes as 
the eluant afforded 1.65 g (87%) of the triazone 21 as a colorless oil: 1H NMR (200 MHz, CDC13) 7.30 (app s, 10 H), 
4.57 and 4.49 (AB q, 4 H, .I = 14). 4.25 and 4.14 (AB q. 4 H, .I = 13), 3.84 - 4.10 (m, 2 H), 3.54 (q. 1 H, J = 7), 
1.15 (t, 3 H, J = 7), 0.99 (d, 3 H,J = 7); JR (Elm) 1741,1644 cm-l; [a]D -38.2’ (c=1.5, CHC13). 

5-[1-(S)-(l-Carbethoxy-2-bydroxy)ethyl]-1,3-dietbyl-hexahydro-2-oxo-1,3,5-triazine (19). A 
mixture of 0.17 g (1 mmol) of L-serine ethyl ester hydrochloride, 0.12 g (1 mmol) of N,N’diethylurea, 0.2 mL (2.7 
mmol) of 37% aqueous formaldehyde, 0.2 mL of triethylamine (1.4 mmol), and 2 mL of ethanol was heated at reflux for 
20 h, cooled, and concentrated to a residue. Chromatography using 4 : 1 ether/acetone as the eluam gave 0.22 g (80%) 
of 19 as a colorless oil: IH NMR (200 MHz, CDC13) 4.31 (s, 4 H), 4.19 (app qd, 2 H, J = 7,3), 3.87 (app t, 2 H, J = 
6), 3.65 (app t, 1 H, J = 6), 3.30 (app qd, 4 H, J = 8,2), 2.37 (t, 1 H, .I = 6). 1.29 (t, 3 H, J = 7), 1.11 (t. 6 H, .I = 
7); [a]D -50.6’ (~0.8, CHC13). 

Acknowledgments: We are grateful to the Charles and Johanna Busch Memorial Fund and Merck Co. for 
financial suppon of this work, NSF grant CHEM-8300444 and NIH grant lJlORRO1486 fur support of instrumentation. 
Rhonda Musselman for the preparation of 7 - 10, and Fbfs. K. Y. Chen and Joachim Kahn for stimulating discussions. 



2112 

1. 

2. 

3. 
4. 

5. 
6. 
7. 

8. 

9. 
10. 
11. 

12. 
13. 

14. 

15. 
16. 
17. 

References and Notes 

General references: Greene, T. W. “Pmtective Groups in Organic Symhesis.” John Wiley and Sons, New York, 
1981, pp 218287. Bodan&y. M. “Principles of Peptide Synthesis,” Springer-Verlag, New York, 1984, pp 
59-118261264. 
Some recent examples of amine protection: (dibenzyl) Reetz, M. T.; Binder, J. Tetrahedron Lctr. 1989,30. 
5425. (di-BOC) Connell, R. D.; Helquist, P.; Akermark, B. J. Org. Chem. 1989,54, 3359. [2,2- 
bis(ethoxycarbonyl)vinyll Alaiz, M. et al. Synzhesis 1989,544. (9-phenylfhtoren-9-yl) Lubell, W.; Rapopan, 
H. J. Org. Chum. ‘1989.54, 3824. (4,4dimethyl-2,6-dioxocyclohexylidenemethyl) Gomez-Sanchez. A.; 
Garcia-Martin, M. de G.; Gasch, C. Carbohydr. RLS. 1!%7,164,255. &abase) Bargar, T. M.; McGowan, J. 
R.; McCarthy, J. R.; Wagner, E. R. J. Org. Chum. 1987,52,678. (benzyvz) Arnold. L. D.; Drover, J. C. G.; 
Vederas, J. C. J. Am. Chem. Sot. 1987,109,4649. (methylene/Z) Schotz, J. M.; Bartlett, P. A. Synthesis 
1989,542. (trityl) Baldwin, J. IX.; North, M.; Flinn, A. Tetrahedron I&r. 1987.28. 3167. (BOC/acetonide) 
Gamer, P.; Park, J. M. Tetrahedron Lerz. 1989,30, 5065. (DBD-TMOC) Carpino, L. A.; Gao, H.; Ti, G.; 
Segev, D. J. Org. Gem. 1989,54,5887. 
Petersen, H. Synrhcsis 1973,243. 
Larsen, B. R.; Nicolaisen, F. M.; Nielsen, J. T. J. Mol. Struct. 1976.32,247. Hardies, D. E.; Krass, D. K. 
U. S. Pat. 4150220.1979 (CA 91: P57062e). Hardies, D. E. U. S. Pat. 4152516,1979 (CA 91: 57063f). 
Clemens, D. H.; Emmons, W. D. J. Org. Chem. 1961,26,767, 
The Einhom reaction (amide aminomethylation) may be analogous: Einhom, A. Ann. Chem. 1905,343,207. 
Challis, B. C.; Challis, J. A. in “The Chemistry of Amides,” Zabicky, J., ed., Wiley Jnterscience, New York, 
1970, pp 756-758. For discussion of N-(hydroxymethyl)ureas as possible httermediates, see ref. 3, pp 245-253. 
Traces of formic acid usually present in formahn could supply acidic catalysis, although triazone formation also 
pmceeds well in the presence of excess terdary amine (see Ehtsaadve pmc&nes). 
Nielsen, A. T.; Moore. D. W.; Ogan, M. D.; Atkins, R L. J. Org. Chem. 1979,44,1678. 
For a discussion see Lubell, W. D.; Rapoport. H. J.Am. Chem. Sot. 1987,109,236. 
In ongoing studies we have also found that the triazone group survives hydrogenation f,PQ, 1 atm HZ, ethanol, 48 
h; Pd black, 1 atm Hz, THF, 1 h), organometallic reagents (n-BuLi, TIW, -4o’, 30 min, PhMgBr, THF, -78’, 30 
min), Wittig reaction (Ph3P=CH-C!O& benzene, tt, 12 h), reduction (DJBAL, THF, rt, 3 h; LiBH4, THF, 40’, 
3 h). hydroxyl protection (Ac20, pyridine, 24 h; t-BuPh@Cl, DMF, imidazole. 1 h; MEM-Cl, i+NEt, 
CH$& 16 h), peptide coupling (DCC, HOBT, CH2C12,16 h), and anhydrous acids (TiCb. CH2C12. -78’,30 
min. TsOH, toluene, 12 h; neat TFA, 15 mht). Triazone 24 was cleaved to phenylalanol and diethyhnea by 
prolonged exposure to neat TFA (48 h), followed by extraction from aqueous NaOH. 
Bulkier uiazones such as 16 do not react under these methylation conditions. 
Some recent polyamine synthetic studies: Jasys, V. J. et al. Tetrahedron Leu. 1988,29,6223. Carboni, B.; 
Vaultier, M.; Carrie, R. Tetruhedron Lett. 1988,29, 1279. Bergeron. R J.; M&fan&, J. S. J. Org. Chem. 
1988.53, 3108. Nagarajan, S.; Ganem, B. J. Org. Chem. 1987.52, 5044. Knapp, S.; Levorse, A. T. 
Tetrahedron Len. 1987,28.3213. 
The molecular sieves prevent decomposition of the triazone group under the mildly acidii reaction conditions. 
Corey, E. J.; Suggs, J. W. Tetrahedron Len. 1975,2647. 
Golding, B. T.; O’Sullivan, M. C.; Smith, L. L. Tetrahedron Leti. 1988,29,6651. 
Golobolov, Y. G.; Zhmurova, L N.; Kasukhm, L. l? Tetrahedron 1981,37,437. 
For example, we were unable to prepare BOC- or Zpmmcted Camino~yde by oxidation because of their 
propensity to cyclize. 

(Received in USA 4 January 1990) 


