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Despite the fact that 1,3,5-triazines are one of the 
oldest known classes of organic molecules, synthetic 
methods for the preparation of analogs containing dif- 
ferent substituents at each carbon are 1imited.l Cyanuric 
chloride has been the most valuable starting material for 
the preparation of trisubstituted triazines even though 
stepwise replacement of the three chlorines is often 
unreliable and leads to mixtures.2 In 1965 Bader re- 
ported the first synthesis of s-triazines bearing three 
different substituents, albiet in low yields, by reaction 
of methyl or isopropyl N-acetimidates with amidine~.~ 
More recently, amidines were reported to undergo cy- 
clization with N-ethoxycarbonyl thioamides to form fully 
substituted s-triazinone~.~ 

We required a general method to 2-aryl- and 2-alkyl- 
4-alkyl-6-amino and alkyl s-triazines (7) that would be 
amenable to the rapid preparation of large numbers of 
analogs for biological testing and wish to report the 
development of a new method meeting these require- 
ments. N'-Acyl-N,N-dimethylamidines (4, Rz = H; 5, R 
= CH3) were prepared in excellent yields by heating 
amides 1 with dimethylformamide dimethyl acetal (2) or 
dimethylacetamide dimethyl acetal (3) as orginally re- 
ported by Lin and co-~orkers.~ N'-Acyl-NJV-dimethyl- 
amidines 4 and 5 have previously been converted to 
triazines by a laborious three-step process that requires 
the use of hydrogen sulfide. The acyl amidines 4 and 5 
were converted to the corresponding N-thioacylamidines 
by treatment with hydrogen sulfide.6 The intermediate 
N-thioacylamidines were ethylated to form ethyl N- 
acylthioimidates that were reacted with amidines or 
guanidines to form the desired  triazine^.^ We found that 
4 and 5 condensed with amidines or guanidines (6) in 
aprotic solvents to give s-triazines in good to excellent 
yields. The simplified one-pot process we report provides 
the first general and facile synthetic route to a variety 
of trisubstituted 
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Attempts to cyclize acylamidines 4 or 5 with N,N- 
dialkylguanidines 6 by a procedure that was successful 
with hydroxylamine5 gave only diacylamines'O (i.e. acetic 
acid as solvent with or without 1 equiv of 5 N aqueous 
NaOH). TEus N'-(2,4-dichlorobenzoyl)-NJV-dimethyl- 
formamidine (4c) and NJV-dimethylguanidine (6d) were 
heated in acetic acid at 100 "C for 1 h to give N- 
formylbenzamide in 85% yield. Reaction in ethanol with 
1 equiv of potassium tert-butoxide at 80 "C gave benz- 
amide. However, when the reaction was carried out in 
refluxing THF, the desired s-triazine 7k was obtained 
in good yield. The yield was usually improved in reflux- 
ing 1,4-dioxane. Hydrolyzed amide was the only byprod- 
uct3 in this reaction, and better yields could be obtained 
when 2 equiv of the acylamidine was used. The triazines 
synthesized are tabulated in Table 1. 

Acetamidine (6a) gave lower yields of corresponding 
triazines than other amidines or guanidines. A possible 
explanation for the low yield is the poor solubility of this 
amidine in THF and dioxane. Attempts to run the 
reaction in DMSO gave no triazine and amide was the 
only isolated product. It should be noted that when the 
two alkyl groups were different on an amino group (i.e. 
7a, 7f, 7m, and 7111, an equimolar mixture of two isomers 
which could not be separated by chromatography was 
identified by 'H NMR in deuterochloroform. 

In conclusion, cyclizations of acylamidines with amidines 
or guanidines gave s-triazines bearing three different 
substitutents. This is a convenient synthetic route to 
s-triazines via a simple procedure from readily available 
starting materials. 

Experimental Section 
General Methods. Analytical samples were homogeneous 

by TLC and afforded spectroscopic results consistent with the 
assigned structures. Solvents used for reactions or chromatog- 
raphy were either reagent grade or HPLC grade. Reactions were 
run under an argon atmosphere. Solutions were evaporated 
under reduced pressure on a rotary evaporator. Acetamidine 
hydrochloride (6a), benzamidine hydrochloride (6b), (4-methoxy- 
phenyllguanidine carbonate (6c), and N,N-dimethylguanidine 
sulfate (6d) were obtained from Aldrich. Morpholinoguanidine 
hydrobromide (6e) was purchased from Lancaster Synthesis, Inc. 
N-Propyl-N-(cyclopropylmethy1)guanidine hydrochloride (60, 
and N-benzyl-N-butylguanidine hydrochloride (6g) were syn- 
thesized according to general methods.ll 

General Preparation of Acylamidines. A h x t u r e  of 
amide (1, 5.0 mmol) and Nfl-dimethylformamide dimethyl 
acetal (2, 0.8 g, 6 mmol) or N,N-dimethylacetamide dimethyl 
acetal (3, 0.88 g, 6 mmol) was heated in an open flask with an  
air-cooled condenser a t  80 "C for 1 h. The mixture was cooled 
and placed under high vacuum to provide an oil or solid product 
4 or 5 which was used without further purification. 

General Procedure for Triazine Synthesis. A mixture 
of the acylamidine (4 or 5 ,  2.0 mmol), guanidine or amidine (6, 
0.8 mmol), and potassium tert-butoxide (0.8 mmol) in dioxane 
(10 mL) was heated to reflux under argon atmosphere. The 
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0 1995 American Chemical Society 



Notes J. Org. Chem., Vol. 60, No. 26, 1995 8429 

Scheme 1 

2, R2 = H 
3, R2 = Me 

NH 

60, R3 = Me 

6c, R3 = 4-MeOC6H4NH- 
8d, R3 = Me2N 

6f, R3 = c-PrCH2(n-Pr)N- 
6g, R3 = Bn(n-Bu)N- 

8b, R3 = Ph 

60, R3 = O(CH2CH&N- 

Table 1. Triazines (7) Synthesized from Acylamidines (4,5) and Amidines or Guanidines (6) 
acylamidine (4,5) amidindguanidine (6)a 

entry compds7 R' R2 R3 salt solvent Tltime ("Ch) yield (%Y 
1 7a phenethyl H c-PrCHz(Pr)N HC1 THF 6 714 64 
2 7b phenethyl Me 4-MeOPh HzC03 dioxane 100114 81 

4 7d Ph Me Me HCl THF 67116 40 
5 7e Ph Me 4-MeOPh HzC03 dioxane 100116 76 
6 7f Ph Me Bn(n-Bu)N HCl dioxane 100115 92 
7 7g 4-BrPh H 4-MeOPh HzC03 dioxane 10016 71 
8 7h 4-BrPh H morpholino HBr dioxane 10016 80 
9 7i 2,4-(Cl)zPh H Me HC1 THF 6714 46 
10 7.i 2,4-( C1)zPh H Ph HCl THF 6715 87 
11 7k 2,4-(Cl)zPh H MezN THF 6715 67 
12 71 2,4-(Cl)zPh Me MezN THF 67115 59 
13 7m 2,4-(Cl)zPh H c-PrCHz(Pr)N HC1 dioxane 10013 88 
14 7n 2,4-(Cl)zPh Me Bn(n-Bu)N HCl dioxane 100116 77 

3 7c phenethyl Me morpholino HBr dioxane 100114 94 

a One equivalent of t-BuOK was used to generate the amidine or guanidine free base from the HC1 or HzC03 salt; 2 equiv from the 
H,S04 salt. (b) Yield of purified material. 

progress of the reaction was monitored by TLC. The mixture 
was cooled to room temperature and concentrated in vacuo. The 
residue was transferred to a silica gel column and chromato- 
graphed with 1:5 to 1:3 ethyl acetate-hexanes to give the 
s-triazine (7). 
2-[N-(Cyclopropylmethyl)-N-propyl~inol-4-(2-phenyl- 

ethyl)-1,3,5-triazine (7a): colorless oil; 1:l  isomers; 'H NMR 
6 0.27 (m, 2H), 0.49 (m, 2H), 0.89 (t, J =  7.5 Hz, 0.5 x 3H), 0.91 
(t, J = 7.5 Hz, 0.5 x 3H), 1.05 (m, lH),  1.61 (m, 2H), 2.96 (m, 
2H), 3.06 (m, 2H), 3.46 (d, J = 6.9 Hz, 0.5 x 2H), 3.47 (d, J = 
6.9 Hz, 0.5 x ZH), 3.56 (m, ZH), 7.24 (m, 5H), 8.42 h 0 . 5  x lH),  
8.45 (s, 0.5 x 1H); MS (IS) mle 297 (MH+); HR FAB MS calcd 
for C18H25N4 (M + H) 297.2079, found 297.2068. 
2-Methyl-4-[ (4-methoxyphenyl)amho]-6-(2-phenylethyl)- 

1,3,5-triazine (7b): colorless oil; 'H NMR 6 2.24 (s, 3H, CH3), 
2.70 (t, J = 6.6 Hz, 2H), 2.87 (d, J = 6.6 Hz, 2H), 3.71 (s, 3H), 
6.80(d,J=8.8Hz,2H),7.14(m,5H),7.38(d,J=8.8Hz,2H), 
9.40 (br s, 1H); NMR 6 26.97, 34.74, 41.63, 56.84, 115.49, 
124.13, 127.41, 129.74, 132.20, 142.47, 157.70, 165.38, 177.30, 
177.43, 179.58; MS (IS) mle  321 (MH+); HR FAB MS calcd for 
Cl9HZ1N40 (M + H) 321.1715, found 321.1728. 
2-Methyl-4-morpholino-6-phenethyl-l,3,5-triazine (7c): 

colorless oil; 'H NMR 6 2.82 ( 8 ,  3H), 3.15-3.60 (m, 4H), 4.23 
(m, 6H), 4.36 (m, 2H), 7.72 (m, 5H); IR (cm-') 2918, 1595, 1563, 
1528,1265,738; MS (EI) m le 285 (MH+); HR FAB MS calcd for 
C16H21N40 (M + H) 285.1715, found 285.1724. 
2,4-Dimethyl-6-phenyl-l,3,5-triazine (7d): colorless oil, (lit. 

bp 93-6 W1.5 torr);I2 'H NMR 6 2.69 (s, 6H), 7.52 (m, 3H), 
8.50 (d, J = 7.5 Hz, 2H); MS (IS) mle  186 (MH+). 
2-Methyl-4-[ (4-methoxyphenyl)aminol-6-phenyl-1,3,5- 

triazine (7e): white solid, mp 142-144 "C; 'H NMR 6 2.60 (s, 
3H), 3.87 (s, 3H), 6.98 (d, J = 9.0 Hz, 2H), 7.30 (brs, lH),  7.50- 
7.63 (m, 5H), 8.47 (d, J = 7.0 Hz, 2H); MS (IS) mle 293 (MH+). 
Anal. Calcd for C17H&40 (292.34): C, 69.85; H, 5.52; N, 19.16. 
Found: C, 69.54; H, 5.62; N, 18.85. 

2-(N-Benzyl-A"rbutylamino)-4-methyl-6-phenyl-l,3,5-tri- 
azine (70: colorless oil; 1:l  isomers; 'H NMR 6 0.96 (m, 3H), 
1.37 (m, 2H), 1.64 (m, 2H), 2.51 (s,0.5 x 3H), 2.54 (s,O.5 x 3H), 
3.65 (m, 2H), 4.97 (s, 0.5 x 2H), 5.03 (s, 0.5 x 2H), 7.25-7.52 
(m, 8H), 8.40 (d, J = 6.9 Hz, 0.5 x 2H), 8.46 (d, J =  7.0 Hz, 0.5 
x 2H); MS (IS) mle 333 (MH+); HR FAB MS calcd for CziHz5N4 
(M + H) 333.2079, found 333.2065. 
2-(4-Bromophenyl)-4-[(4-methoxyphenyl)aminol-1,3,5- 

triazine (7g): white solid, mp 194-197 "C; 'H NMR 6 3.84 (s, 
3H), 6.50 (d, J = 8.5 Hz, 2H), 7.30 (br s, lH),  7.50 (br s, 2H), 
7.62 (d, J = 8.2 Hz, ZH), 8.29 (d, J = 8.2 Hz, 2H), 8.70 (br s, 
1H); MS (EI) mle 357,359 (MH+). Anal. Calcd for C1&3BrN40 
(357.21): C, 53.80; H, 3.67; N, 15.68. Found: C, 53.82; H, 3.82; 
N, 15.27. 
2-(4-Bromophenyl)-4-morpholine-1,3,5-triazine (7h):13 

white solid, mp160-161 "C; 'H NMR 6 3.79 (br s, 4H), 3.90- 
4.05 (m, 4H), 7.60 (d, J = 8.4 Hz, 2H), 8.28 (d, J = 8.4 Hz, 2H), 
8.64 (s, 1H); MS (IS) mle 321, 323 (MH+). 
2-(2,4-Dichlorophenyl)-4-methyl-1,3,5-triazine (7i): white 

solid, mp 69-70 "C; 'H NMR 6 2.75 (s, 3H), 7.37 (dd, J = 1.9, 
8.2 Hz, lH), 7.53 (d, J = 1.9 Hz, lH),  7.82 (d, J = 8.2 Hz, W, 
9.16 (s, 1H); MS (IS) mle 240,242 (MH+). Anal. Calcd for C,,H7- 
ClzN3 (240.09): C, 50.03; H, 2.94; N, 17.50. Found: C, 50.01; 
H, 3.08; N, 17.61. 
2-(2,4-Dichloropheny1)-4-phenyl-1,3,5-triazine (5): white 

solid, mp 105-106 "C; 'H NMR 6 7.43 (dd, J = 2.1, 8.4 Hz, lH), 
7.54-7.62 (m, 4H), 8.03 (d, J = 8.4 Hz, 1H), 8.60 (m, 2H), 9.33 
(s, 1H); I3C NMR 6 128.70, 130.20, 130.45, 132.48, 134.51, 
134.60, 134.91, 135.96, 136.41, 138.89, 167.90, 172.67, 172.87; 
IR (cm-') 2916,1586,1560,1539,1511,1415; MS (IS) mle 302, 
304 (MH+). Anal. Calcd for C15HgC12N3 (302.17): C, 59.63; H, 
3.00; N, 13.91. Found: C, 59.98; H, 3.05; N, 13.55. 
2-(2,4-Dichloropheny1)-4-( dimethylamino)-1,3,5-tri- 

azine (a): white solid, mp 71 "C; 'H NMR 6 3.26 (s, 3H), 3.27 

(12) Shaefer, F. C. J. Org. Chem. 1962,27, 3608. 
(13) Vollenbroek, F. A.; Nijssen, W. P. M.; Geomini, M. J. H. Eur. 
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entry 

2 

4 

(5, 3H), 7.34 (dd, J = 2.2, 8.4 Hz, lH),  7.51 (d, J = 2.2 Hz, 1H), 
7.82 (d, J = 8.4 Hz, lH), 8.66 (s, 1H); MS (IS) m l e  269, 271 
(MH+). 
2-(2,4-Dichlorophenyl)4-(~ethylamino)~methyl-l,3,5- 

triazine (71): white solid, mp 70 "C; 'H NMR 6 2.50 (8, 3H), 
3.25 (s, 6H), 7.32 (dd, J = 2.0, 8.4 Hz, 1H), 7.49 (4 J = 2.0 Hz, 
IH), 7.75 (d, J = 8.4 Hz, 1H); IR (cm-l) 2920,2851, 1581, 1549, 
1502, 1407, 1242; MS (IS) mle  283, 285 (MH+). 
2-[N-(Cyclopropylmethyl~-N-propylaminol -4-CW-dichlo- 

rophenyl)-l,3,5-triazine (7m): colorless oil; 1:l isomers; 'H 
NMR 6 0.32 (m, 2H), 0.54 (m, 2H), 0.93 (t, J = 7.5 Hz, 0.5 x 
3 ~ ) ,  0.96 (t, J = 7.5 Hz, 0.5 x 3H), 1.12 (m, lH), 1.70 (m, 2H), 
3.56(t,J=6.3Hz,2H),3.65(m,2H),7.34(dd, J=2 .1 ,8 .4Hz ,  
lH), 7.49 (d, J = 2.1 Hz, 0.5 x lH),  7.51 (d, J = 2.1 Hz, 0.5 x 
lH), 7.80 (d, J = 8,4 Hz, 0.5 x lH), 7.84 (d, J = 8.4 Hz, 0.5 x 
lH), 8.63 (s,0.5 x lH), 8.65 (s, 0.5 x 1H); MS (IS) mle 337, 339 
(MH+); HR FAB MS calcd for C16H1gC12N4 (M + H) 337.0987, 
found 337.0987. 

~ ~ ~~ ~ 

compd. level E. E. 
14 HF/6-31+G' 

14 -333.13181 0.04 

2-(N-Benzyl-N-butylamino)-4-methyl-6-(2,4-dichloro- 
phenyl)-1,3,5-triazine (7n): colorless oil; 1: 1 isomers; 1H NMR 
d 0.90 (t, J = 6.9 Hz, 0.5 x 3H), 0.95 (t, J = 6.9 Hz, 0.5 x 3H), 
1.33 (m, 2H), 1.62 (m, 2H), 2.50 (s, 0.5 x 3H), 2.53 (s,0.5 x 3H), 
3.60 (m, 2H), 4.93 (s, 0.5 x 2H), 4.95 (s, 0.5 x 2H), 7.25-7.50 
(m, 7H), 7.72 (d, J = 8.4 Hz, 0.5 x lH), 7.80 (d, J = 8.4 Hz, 0.5 
x 1H); MS (IS) m l e  401, 403 (MH'); HR FAB MS calcd for 
CzlH22C12N4 (M + H) 401.1300, found 401.1285. 

10 

Supporting Information Available: Copies of lH NMR 
spectra of 7a-n (14 pages). This material is contained in 
libraries on microfiche, immediately follows this article in the 
microfilm version of the journal, and can be ordered from the 
ACS; see any current masthead page for ordering information. 
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a, -289.22923 I 0.7 -67.3 -55.01173.9 

Vol. 59, 1994 

Ulrike Salzner and Paul von Ram6 Schleyer*. Ab Initio 
Examination of Anomeric Effects in Tetrahydropyrans, 1,3- 
Dioxanes, and Glucose. 

We regret the following errors and oversights in Table 

Page 2141, Table 1. Corrected values are given below 

1: 

for entries 2, 4 and 10: 

25 a, -289.22704 2.1 .71.1 -59,4159.2 

Page 2143, Table 5. The last entry for compound 9 
and the first entry for compound 10 (entries 21 and 22) 
were misrepresented as one line. The corrected entries 
for compounds 9 and 10 are as follows: 

conformn 

19 

20 e, 

-419.72934 

-419.72659 176.9 64.4 
I 1 . 1  I I I 

21 I I a1 I -419.71661 I 9 1  I -1032 I 66 1 

22 I 10 I 6, I -289.23034 I 0.0 I -178.9 I .63.31-178.4 

I 23 I I e, I -289.23003 I 0.2 I -178.5 I -59.1158.8 I 

Vol. 60, 1995 

Zuolin Zhu and James H. Espenson*. Kinetics and Mecha- 
nism of Oxidation of Anilines by Hydrogen Peroxide As Catalyzed 
by Methylrhenium Trioxide. 

Page 1330. Figure 4 correctly deals with PhNH2; the 
caption should read as follows: Typical absorbance-time 
kinetic trace at 320 nm for the oxidation of PhNH2 in 
methanol by hydrogen peroxide with and without 
CH3Re03. The concentrations were 0.15 mh4 CH3Re03, 
1.96 mM HzOz, and 1.32 mM PhNH2. 

The figure that matches the caption in the published 
Figure 4 is the following: 

0 500 lo00 1500 zoo0 
Time/s 
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