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Abstract - The product obtained from the reaction of mescaline with aqueous 
formaldehyde was assigned the hexahydrotriazine structure 3, on the basis of 

ms and '~-nmr spectral data, and microanalysis. Reaction of 2 with 

hydrochloric acid in aqueous milieu afforded a mixture of anhalinine (2) and 

mescaline ( I ) ,  - however, exclusively 2 was obtained when the reaction was 

performed under non-aqueous conditions in glacial acetic acid or in 

dichloromerhane with rrifluoroacetic acid. 

Condensation of mescaline base with formaldehyde under highly concentrated conditions was 

performed by Sparh, who assumed that the oily material which separated was the Schiff base 

1 (b) . Addition of 6N HC1 to this oil afforded anhalinine hydrochloride (2.~~l)1 in 60% yield 

(no other product was identified). Since it seemed unlikely that a Schiff base of structure 

4 was formed under these reaction conditions we decided t o  repeat this experiment and to - 

determine the structure of this oil using spectral data. These provided evidence that the 

product, which was obtained crystalline, is in fact the hexahydr~triazine 3. Such tiiazines 

have been obtained by reaction of benzylamines and aromatic amines with f~rmaldehyde~'~, bur 

were never reported for the physiologically more interesting phenerhylamines as represented 

by mescaline (1). 

The oily material obtained by Spath's procedure could be crystallized from EtOH-H20 or 

EtOAe-Et,O (Et 0 was saturated with H20). after the CH2C12 solution of the oil was washed 2 

exhausrively with H 0 to remove excess mescaline. The colorless needles of mp 48-49'C were 2 

insoluble in H 0 or Ec20. The ir spectrum obtained from the product did not exhibit peaks 
2 

4 
characreristic for an imine , and resembled that of mescaline, except far the absence of 

primary mine signals ar 3310 and 3380 cm-I clearly visible in i. The uv spectrum exhibited 



a maximum and peak shape identical to that ohtained with mescaline 1. 'H-N~T spectra 

obtained for the crystalline product 3, mescaline hydrochloride (i.HC1) and anhalinine.HC1 - 

(z.HC1) showed far i.HC1 and . H C l  two pairs of adjacent methylene prorons with different 

chemical shifts and vicinal couplings of J = 6.5 Hz (see Table 1.). For 3 the 4 ArCH2CH2- 

protons Were chemical shift equivalent showing a slightly broadened singlet peak. For Z.HC1, 

the C(1)-methylene protons (Ha,=') were visible as a sharp singlet, whereas 3 exhibited a 

very broad Ha, Ha' signal which sharpened considerably when the temperature was increased 

from the usual 20'C to SO'C. This suggested that 2 possesses different conformations which 

are in rapid equilibrium, showing conformational changes as seen with N, Nr-dimethyl- 

CH30 
0 
II CHJO 

1. HCH 

CHjO pNH7 2. 6W HCI CHaO 

0 
II 

HCH 

6N HCI 
I > 2 + I  
k 

R = -CH2CH2 CH3COOH 2 - * 
3 (or CF3COOH in CH2CI2) OCH3 

CHjO 

CHs0 



HETEROCYCLES, Yo1 29, No. 6, 1989 

Table 1. I H - N ~ ~ :  dand J values for compounds 1 ,  2, and 2. 

cH30TNH2 cn30 cH30wNH cn30 RN-NR I~I~: 
Ha Ha' R CH30 CHJO 

1 - 2 R = -CH2CHz- 

Compound Solvent (multiplicity) 

ArCH,CHqN- protons J, Hz Ha,HaS - L - 

a ~ p m  measured from internal standard. Spectra acquired on a Varian XL-300 nmr spectrometer 

at 300 KHz a t  20DC. b ~ t  50'C. the peak observed for these protons is sharpened considerably. 

5 
piperazine . Final proof of the hexahydrotriazine structure 2 rested on the determination of 

the mass of the compound. In our case, use of CI (NH ) or EI mass spectometry gave only a 3 

fragment peak of mass 223 identical to the mass of anhalinine (2) and the putative Schiff 

base 4. The fragmentation pattern seen with 2 [mlz 223, 211, 181 (base peak), 148, 1361 was 

similar to that obtained with i.HC1 [mlr 211, 182 (base peak), 1671, but differed markedly 

from that obtained with . H C 1  [mlz 223, 222 (base peak), 206, 194, 179, 151. Using 

~ a l i f o r n i u m ~ ~ ~  plasma mass spectrometry the molecular weight of 3 was determined to be 669. 

This is three times the apparent mass peak of 223 given by the GCIEI-mass spectrum, and 

supports oux assignment as the trimer 3 of the molecular composition C H N 0 
36 51 3 9' 

Additional evidence was provided by chemical reactions. Treatment of 3 with excess NaBH - 4 in 

refluxing MeOH for >24 h resulted in three products plus a substantial amount of starting 

material. When crystalline hexahydrotriazine 2 was stirred with 6N aqueous HC1 under the 

" 1 
conditions used by Spath . I.HC1 precipitated from the solution and was obtained in 65% 

yield. From the mother liquors of that reaction, after alkalinisarion with 10% KOH and 



extraction of basic material with CH,C12, we obtained mescaline (1) in 20% yield. Identity 

of both anhalinine (2) and mescaline (1) was secured by comparisian with authentic samples of 

their hydrochlorides (tlc, mp, and ir). When 2 was created with acid under nan-aqueous 

conditions, such as glacial acetic acid, anhalinine (2) was the only product, obtained in 82% 

yield. Similarly, if 2 was treated in CH2C12 solution with trifluoroacetic acid, only 2 was 

obtained. 

The Pictet-Spengler synthesis is considered ra be a crucial reaction in the biosynthesis of 

the isoquinoline alkaloids, however, in vitro this reaction is often conducted under non- 

physiological conditions and may therefore result in a variety of products such as trimer 3 

obtained here from mescaline (1) and formaldehyde. Formation of A was observed t o  occur in 

dilute aqueous solution at neutral pH, and may for this reason be of biological significance. 

Non-aqueous acid catalysis of trimer 3, affording the isoquinaline 2 as a single product and 

in much improved yield, may in addition be of synthetic importance. 

EXPERIMENTAL 

Melfing points were obtained on a Fisher-Johns hot-stage appsrarus and are uncorrected. Ir 

spectra were run as films, on a Beckman I R  4230 instrument, I) values in cm-l. I H - N ~ ~  spectra 

were obtained an a Varian-XL-300 specrrometer at 300 MHz, and the chemical shifts are 

reported in ppm from an internal solvent standard. The chemical ionization mass spectra were 

acquired on a Finnegan-1015D spectrometer with a model 6000 data collection system. Electron 

impact mass spectra were obtained at 70 ev using a VG 7070F mass spectrometer. 

plasma desorption mass spectra were obtained using a home built instrument. 

uv spectra ( nm) were recorded in ethanol using a Hewletr-Packard-8450-A uvivis 

specfrophotometer. Analytical tlc was performed on silica plates obtained from Analtech, 

Inc. (Newark, DE). Elemental analysis was performed by Atlantic Microlab Inc. (Atlanta, GA). 

Tris-N, N ' ,  N " - ( 3 ' , 4 ' , 5 ' - t r i m e t h h h y p h e n e t h y l ) - 1 . 3 . 5 - h h y d i  (3). 

1 (5.3 g, 25 -01) was dissolved in 5 ml of warm H 0, then 2.6 ml of 37% formaldehyde was - 2 

added. A viscous yellow oil separated from the reaction mixture, which was stirred while 

heating (H20 bath) for 1 h. The upper white layer was decanted from the oil. which was then 

washed with H 0 ( 5  x 25 ml). The oil was dissolved in 10 ml of CH C1 and the solution was 
2 2 2 

washed thoroughly with H20 (3 n 10 ml). The organic layer i8 dried (MgSO,,) and concentrated 

under high vacuum ((1 mHg) ro  give 5.4 g of viscous yellow oil (96% yield), which was 

crystallized from EtOAc/Et20 (Et20 was saturated with H201 to yield 3.3 g (63%) of coIorIess 

needles, mp 48-49-C. Uv ( E ~ o H ) : ~ ~ ~ ~  269 nm; ir (film): 2925, 2820, 1590, 1510, 1460, 1420, 
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1330 (br), 1249 (br), 1160-1100 (br), 1010, 820; '~-nmr (CDC13): ,$ 6.42 ( s ,  ZH, Ar-H), 

3.83-3.81 (m, 9H, 3 x -0CH ) ,  3.46 (br s ,  ZH, -N-CH -N-), 2.72 ( s ,  4H, Ar-CH -CH -N); cims 
3 2 2 2 

(NH3): m I z  223 (base peak): eims: miz 223, 211, 181 (base peak), 148, 136; cfZ5' ms: miz 669, 

654, 446 (base peak), 431; C36H51N309, calcd for C, 64.55%; H, 7.64%; N, 7.68%: found: C, 

64.45%; H, 7.64%; N, 6.23%. 

Anhalinine.HC1 (2.HC1) 

A. Compound 2 (254 mg, 0.38 mmol) was dissolved in 0.5 ml of ErOH, followed by the addition 

of 2.0 ml of 6N HC1. The solution was stirred under N2 for 1 h at 60'C. during which time 

2.HC1 precipitated. The hydrochloride of L was removed by filtration, and washed with 6N HC1 - 

to yield 186 mg (63%) of material of mp 258-260°C (lit.' mp 248-250°C). The hydrochloride 

was identical by tic, ir and nmr with an authentic sample of 2.HC1. The mother liquor was 

made basic by the addition of 20% KOH (pH 13), then the basic material extracted with CH2C12. 

After drying (MgSO ) and removal o f  solvent, 47 mg of mescaline was recovered (19% yield). 4 

The base was converted to the HC1 salt, mp 180-18l'C (lit.6 mp 181PC) and was found identical 

by tlc, ir, and nmr with an authentic sample of mescaline hydrochloride (i.HC1). 

B. Compound 2 (182 mg, 0.27 mmol) was dissolved in 2 ml of glacial acetic acid and the 

solution was stirred under N2 for 3 h. The acetic acid was removed under reduced pressure at 

50°C. and the residue obtained was dissolved by gentle hearing in 2 ml of 6N HC1. The 

1 
colarless crystals of 1.HCl (173 mg, 82%) collected upon cooling had mp 253-256'C (lit. mp 

248-250°C) and were identical by tlc, ir and nmr with an authentic sample of Z.HC1. 
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