
This article was downloaded by: [Stanford University Libraries]
On: 25 September 2012, At: 00:31
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

Synthetic Communications:
An International Journal
for Rapid Communication of
Synthetic Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Synthesis of Chiral 2,4-
Chiral 2,4-Dichloro-6-
menthoxy-1,3,5-triazines
and 2-Chloro-4, 6-
Dimenthoxy-1,3,5-triazines
as Enantiodifferentiating
Coupling Reagents. An
X-ray Study on 2,4,6-
Trimenthoxy-1,3,5-triazine
Zbigniew J. Kamiński a , Stanislaw W. Markowicz
a , Beata Kolesińska a , Dariusz Martynowski b &

Marek L. Główka b

a Institute of Organic Chemistry, Technical
University of Łódź (Lodz), ul. Żwirki 36, 90-924,
Łódź, Poland
b Institute of General and Ecological, Chemistry,
Technical University of Łódź (Lodz), ul. Żwirki
36, 90-924, Łódź, Poland

Version of record first published: 20 Aug 2006.

To cite this article: Zbigniew J. Kamiński, Stanislaw W. Markowicz, Beata
Kolesińska, Dariusz Martynowski & Marek L. Główka (1998): Synthesis of
Chiral 2,4-Chiral 2,4-Dichloro-6-menthoxy-1,3,5-triazines and 2-Chloro-4, 6-

http://www.tandfonline.com/loi/lsyc20


Dimenthoxy-1,3,5-triazines as Enantiodifferentiating Coupling Reagents. An X-
ray Study on 2,4,6-Trimenthoxy-1,3,5-triazine, Synthetic Communications: An
International Journal for Rapid Communication of Synthetic Organic Chemistry,
28:14, 2689-2696

To link to this article:  http://dx.doi.org/10.1080/00397919808004839

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, 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.

D
ow

nl
oa

de
d 

by
 [

St
an

fo
rd

 U
ni

ve
rs

ity
 L

ib
ra

ri
es

] 
at

 0
0:

31
 2

5 
Se

pt
em

be
r 

20
12

 

http://dx.doi.org/10.1080/00397919808004839
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions
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SYNTHESIS OF CHIRAL 2,4-DICHLORO-6-MENTHOXY-I ,3,5- 

TRlAZlNES AND 2-CHLOR04,6-DIMENTHOXY-1,3,5-TRIAZINES AS 

ENANTIODIFFERENTIATING COUPLING REAGENTS. 

AN X-RAY STUDY ON 2,4,6-TRIMENTHOXY-1,3,5-TRIAZINE 

Zbigniew J. Kaminski’ , Stanislaw W. Markowicz, Beata Kolesinska 

Institute of Organic Chemistry, 
Technical University of todz (Lodz). ul. Zwirki 36, 90-924 todz, Poland. 

Dariusr Martynowski, Marek L. Gl6wka 

Institute of General and Ecological. Chemistry, 
Technical University of todz (Lodz), ul. Zwirki 36, 90-924 todz, Poland. 

ABSTRACT: Chiral mono- di- and trimenthoxy-1,3,5-triazines ware obtained from 
natural menthol and cyanuric chloride and applied as enantioselective coupling 
reagents in the synthesis of dipeptides. 

Introduction 

The increased demand for enantiomerically homogeneous substrates 

stimulate intensive efforts in asymmetric synthesis and search for new efficient 

reagents and new processes enabling chiral discrimination’. Opening an access to 

both enantiomers is of particular value in the syntheses involving unnatural 

substrates’ which often are less compliant to resolution via enzymatic processes. 
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2690 KAMINSKI ET AL. 

The presence of three chlorine atom prone to substitution reaction makes the 

cyanuric chloride an interesting template for simultaneous attachment of reactant 

and chiral auxiliary with the third functionality remaining for tuning the activity of the 

two former or alternatively, for bounding the chiral template to the polymer carrier. 

Unexpectedly, this advantage of triazine has been explored in very limited e ~ t e n d ~ . ~ .  

The aim of this paper is to present the route to triazine condensing reagents5 

bearing chiral alkoxyl substituent derived from natural menthol. It is expected, that 

presence of chiral substituent in the triazine ring will induce effective control over the 

admittance of reactants to nitrogen atoms of triazine ring, which has been 

recognised as crucial factor for intramolecular catalysis of acylation by ,,superactive 

triazine esters"6. Moreover, 1,3,5-triazines substituted with chiral alkoxy group would 

be excellent substrates in the synthesis of non-linear optics materials', 

intermolecular interactions with directional preferences', in studies on the 

mechanism of O+N alkyl group migrationg and others. 

Although a broad variety of primary alcohols easily reacts with cyanuric 

chloride, the secondary alcohols bearing centre of chirality close to triazine ring were 

found less prone to react and the previous attempts to obtain triazines substituted 

with chiral alkoxy groups" failed. 

Results and discussion 

We found that treatment of cyanuric chloride and (IR,2S,5R)-(-) menthol in 

THF solution with 2,4,6-collidine gave mixture of products 2-4 (Scheme 1). The 

products ware separated on silicagel column" and eluted in a gradient hexane- 

toluene or hexane-chloroform mixture. Three major fractions were collected yielding 

2,4-dichloro-6-menthoxy-l,3,5-triazine (2), 2-chloro-4,6-dimenthoxy-l,3,5-triazine (3) 

and 2,4,6-trimenthoxy-I ,3,5-triazine (4). 

The structures of triazines 2-3 has been confirmed by elemental analysis and 

'H-NMR spectroscopic data. The structure of 4 was determined by X-ray diffraction 

study". Strong downfield shift of CH-0 hydrogen in menthol from 3.40 ppm to 5.21 
ppm in 2, 5.06 ppm in 3, and 5.04 ppm in 4 respectively, caused by deshilding effect 

of triazine ring, we have found the most characteristic feature for 2-4. 

Of particular interest is the preparation of triazine 4 with relatively hindered 

three menthoxy substituents, because in opposite to the earlier apprehension", this 

result expand the scope of substitution also on sterically hindered secondary 

alcohols. 
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Figure 1. a). General view and numbering system in 2,4,6-trimanthoxy-l,3,5-triazine 
structure. Only one independent molecule is shown. The other molecule has very similar 
conformation. b). Orientations of six menthoxy substituents in the two crystallographically 
independent molecules of 4 in relation to s-triazine ring. The fragments are superimposed 
on s-triazine ring. 
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2692 KAMINSKI ET AL. 

The most crucial finding of crystal structure 4 is approximately threefold 

symmetry (not crystallographic) of the two independent molecules bearing all three 

menthoxy group oriented in the same direction which resulted in strong 

differentiation of triazine ring faces. 

The reasons for the uniformity of spatial arrangement of menthoxyl 

substituents of triazine ring are: ( i)  rigidity of menthol ring due to three equatorial 

substituents in the observed form, and (ii) conjugation of s-triazine n-electrons with 

oxygen lone pairs13, which forced the same orientation of the three alkoxy 

substituents, observed in other symmetrical trialkoxy-l,3,5-triazine~'~. 

More convenient synthetic procedure leading to 3 was based on our 

observation that 2-monochloro-4,6-disubstituted-l,3,5-triazines are stable in the 

presence of triethylamine, but 2,4-dichloro-4-alkoxy-l,3,5-triazines reacts rapidly 

yielding appropriate quarterly ammonium salts, which were found very prone to 

decomposition in the presence of water. Thus, we were able to prepare 

homogeneous sample of 3 by removing 2 from the mixture of products obtained by 

classic procedure involving the treatment of menthol and cyanuric chloride with 

sodium bi~arbonate'~. 

Preliminary experiments of condensations confirmed that 2-3 are efficient 

coupling reagents for the peptide synthesis (see Table 1). 

The presence of chiral substituent in the triazine ring without any doubts 

determines enantioselectivity of triazine ester formation as well as its aminolysis. 

The e.e. vary significantly with the structure of substrates used in the condensation. 

In the favorite cases, e.e. reaches 93 - loo%, but considering the ratio of racemic 

substrate used in experiments, the efficiency of the reagents 2-3 is sufficiently high 

for application in preparation of optically pure products. 

Experimental 

Synthesis of 2,4-dichloro-6-menthoxy- I ,  3,5-triazine (Z), 2-chloro-4, 6-dimenthoxy- 

I, 3,5-triazine (3) and 2,4,6-trimenthoxy-l, 3,5-triazine (4). 

To the vigorously stirred solution of cyanuric chloride (7.4 g; 40 mmol) and (-) 

menthol (12.48 g; 80 mmol) in chloroform (50 ml), collidine (8.8 ml; 80 mmol) was 

added dropwise in such a rate to keep temperature below 30°C. The stirring was 

continued for 2 days at room temperature until all cyanuric chloride was consumed. 

The resulting brown suspension was filtered and filtrate was washed with water, 1 M 
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2.4.6-TRIMENTHOXY-I ,3.5-TRIAZINE 2693 

Table 1. Synthesis of dipeptides involving triazine 2 or 3 as chiral condensing reagent 

Peptide. (substrate ratio) 

I I I 1 I 

a' calculated by comparing optical rotation measured with average value of appropriate literature 

data16. 

NaHS04 solution, water, dried with MgS04 and than concentrated under reduced 

pressure. The oily residue was separated on Silicagel H column (15 x 5 cm ). 

Product was eluted with light petroleum (250 ml), than with mixture of light 

petroleum-toluene (gradient increased from 5% to 50% toluene). Fractions (10 ml) 

ware collected and separation was monitored by TLC (Merck F-254; toluene- 

cyclohexane 1 : 1 ; visualization by spraying with 4-(4-nitrobenzyl)pyridine 1 % solution 

in ethanol). 

2,4-Dichloro-6-menthoxy-I, 3,5-triazine (2) 

Fractions 1-32 ware collected and evaporated to dryness affording yellow oil 

(4.13 g; 34%) Rfz0.45, ct;' = - 76.4 (c=1.4, CHCI,); 'H-NMR (CDCI3) S= 0.773, (d, 

3H, J=7Hz, CHJ-CH), 0.858 (d, 3H, J1=7Hz, CH3-C-CHs); 0.951 (d, 3H, J1=7HZ, CH3- 

C-CH3); 1.05-1.50 (m, 4H, CHI-CH2); 1.50-2.00 (m, 4H, CH-C, CH2-C-0); 2.18 (dh, 

1 H, J i = l l  Hz, J2=4Hz, CH-C-0); 5.21 (dt, 1 H, J j = l l  Hz, J2= 5HZ, CH-0). 

C13Hl9N30CI2 (304.22) calc. C 51.33; H 6.30; N 13.81; found: C 50.95; H 6.15; 

N 14.20. 
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2694 KAMINSKI ET AL. 

2-Chlor0-4,6-dimenthoxy-l, 3,5-triazine (3) 

Fractions 47-52 after evaporation under reduced pressure to dryness gave 3 

as yellow oil (5.65 g, 33.3%). Rf=0.20, a:' = - 48.8 (c=1.5, CHCls); 'H-NMR (CDCI3) 

6= 0.788 (d, 3H, J = 7Hz); 0.929 (dd, 6H, JI = 7 Hz, J2 = 4 Hz); 1.095 (q, 2H, I = 12 

Hz); 1.40-1.60 (m, 3H); 1.70 (broad d, 2H, J =14.5 Hz); 2.051 (dh, l H ,  

4 Hz); 2.10-2.20 (m, 1H); 5.071 (dt, IH, J, = 14 Hz, J2 = 4.5 Hz). 

C Z ~ H ~ ~ N ~ O Z C I  (424.03) calc. C 65.15; H 9.03; N 9.91; found: C 65.28; H 8.97; N 9.79 

Hz, Jz= 

2-Chloro-4,B-dimenthoxy- I ,  3,5-triazine (3), procedure 8. 

The suspension of NaHC03 ( 5.5 g, 60 mM, ) in THF (40 ml) was vigorously 

stirred and treated with cyanuric chloride (3.68 g; 20 rnmol) and (-) menthol (6.25 g; 

40 mmol. The stirring was continued for 3 days at room temperature until all cyanuric 

chloride was consumed. The suspension was filtered and filtrate was evaporated to 

dryness. The residue was dissolved dichloromethane and washed with water, 1M 

NaHSO.,, water, 2M aqueous solution of triathylamine (4x10 ml), again water, 1M 

NaHS04, than dried with MgSO., and concentrated under reduced pressure to gave 3 

as yellow oil (4.05 g, 48%). Rf=0.20, aDZo = - 32.2 (c=1.5, CHCI3); 

2,4,6-Trimenthoxy- 1,3,5-triazine (4) 

From fractions 53-63 after evaporation under reduced pressure to dryness, 4 

was isolated as colorless crystals (2.5 g, 17.2% ) m.p.116-119°C. Rr = 0.15, a D Z 0  = - 

99 ( ~ ~ 0 . 7 ,  CHCh); 'H-NMR (CDCh) S= 6= 0.774 (d, 3H, J = 7Hz); 0.942 (dd, 6H, J1 = 

7 Hz, Jz = 4 Hz); 1.105 (m, 2H,); 1.55 (m, 2H); 1.75 (d, J=14Hz, 2H); 1.955 (dh, J1= 7 

Hz, Jz= 2.5 Hz, IH); 2.152 (broad d, J= 14 Hz, IH); 5.071 (dt, lH ,  J1 = 14 Hz, J2 = 

4.5 Hz). 

Crystallography: 

G3H5,N303, M=543.84 Monoclinic, a=16.848(3), b=10.843(2), c=19.376(4) A, 

p=103.60(3)0; V=3435.96 A3 (cell constants were determined by least-squares 

refinement of 20 reflections with high 8 angles, h=1.54178 A). Space group P21 (No. 

4), Z=4, Dx=l.O51 g/cm3, p(CuKa)=0.0052 cm-'. Colorless plates, measured crystal 

size 0.4x0.2x0.2 mm, KM4 diffractometer (30 kV, 34 mA), room temperature, graphite 

monochromated CuKa radiation, 28/01 scan mode, scan width=l.30+0.38 tan@, a 

total 9033 reflections in range 2 4 ~ 7 5 "  measured. 
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2.4,6-TRIMENTHOXY-l,3,5-TRIAZINE 2695 

The structure was solved by direct methods and refined by full-matrix least-squares 

method with anisotropic thermal parameters for non-hydrogen atoms. An hydrogen 

atoms, although easily found in the difference Fourier syntheses, were added in 

calculated geometrical positions and refined in riding positions. 2626 reflections with 

F>30(F,) were used in refinement of 817 parameters. The two independent 

molecules were refined alternatively (as blocks) to improve data to parameter ratio. 

The weighting scheme w-'=02 (F:)+(0.0868 P)' with P=[Max(F:,O)+2F:]/3 was used. 

Goodness of fit was 1.047, average shifverror 0.01 9, Apmax and Apmin were 0.25 and - 
0.31e A" and the final R=0.0588. All calculations were performed on a Pentium 

computer with SHELX93". 
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