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Abstract - Dihydropyrazines such as 2,3-dihydro-5,6-dimethylpyrazine reacted 

with 1,2-diamines like ethylenediamine to form cis-tetraazadecalins (TADs) as 

crystalline products. The NMR spectra of the products in CDC13 or CD3CN at -20 

- -60°C exhibited the signals due to TAD. However, the NMR spectra at room 

temperature showed that the TAD had dissociated into its parent materials. Seven 

TADs were obtained by only a mixing operation at a low temperature. 

We recently found that dihydropyrazines have DNA strand-breaking activity1 and reported a new 

phenomenon that dihydropyrazines transformed into dimeric  compound^^^^ and generated certain carbon- 

centered radicals455 in their water solution. Further, we unexpectedly found a new reaction whereby 

Scheme 1 

2a : R I = R r R ~ H  3a : R I = R r R ~ H  (77.6%) 
1 2b : RI=CH3, RZ=Rl=H 3b : RI=CHl, R2=R3=H (41.3%) 

2c : RI=R2=CH3, R3=H 3c : RI=R2=CH3, R3=H (35.3%) 
2d : RI=R2=H. R3=CH3 3d : RI=R2=H. R3=CH3 (52.7%) 

dihydropyrazines react with vicinal diamines to give tetraazadecalins (TADs) which also revealed DNA 
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strand-breaking activity the same as dihydropyrazines. To our knowledge, there has been only one report6 

regarding angularly substituted TADs, the steric information and reaction mechanism of which, however, 

were not described. Preparation methods of various angularly nonsuhstituted TADs have been reported,7 in 

which the trans-fused TADs were isolated as stable clystals in the reaction of glyoxal with diamines. The 

angularly substituted TADs shown in this communication apparently differ from the previously reported 

TADs in terms of physical properties and chemical stability. 

Mixing 2,3-dihydro-5,6-dimethylpyrazine (1) with ethylenediamine (2a) at room temperature gave a very 

unstable crystalline compound (3a) which could he recrystallized from benzene or acetonitrile at a lower 

temperature. The IH-NMR spectrum of 3a  in CD,CN at room temperature showed only the sum of signals 

due to its components, i.e., a mixture of 1 and 2a. However, the NMR spectra of 3a  in CD&N in -40°C 

or in CDC13 at -60°C showed the signals due to a TAD : a higher field signal (6: 1.95 ppm) due to angularly 

methyls of TAD appeared with disappearance of both niethyl signals (6: 2.13 ppm, CH3-C=N- ) of 1 and 

the methylene signal (6: 2.73 ppm) of  2a. The I 3 c - ~ M R  spectrum of 3 a  exhibits four signals at 23.45 

(methyl carbon), 40.40 and 44.06 (methylene carbon) and 67.95 ppm (quarternary carbon). Analyses of 

two-dimensional H-C coherence (HMQC and HMBC) at the lower temperatures depicted the structure of 

3 a  as TAD. The methylene carbons of C2 (C6) and C3 (C7) resonate at different positions,8 suggesting 

that the A and B rings of the TAD skeleton are cis-fused in conjunction with each other. In addition, 3 d  

gave us a clue about the structural determination. The lH-NMR spectrum of 3 d  showed three methyl 

signals at 6: 1.07 and 1.38 (angularly substituted methyl), and 6: 2.18 (N-methyl). Owing to the presence 

of N-Me, angularly substituted methyl groups 

resonate at unequivalent positions9 and the 

NOE was observed between the methyl signals 

of C8a and C4a, indicating that 3d  has a cis- 

fused skele ton.  Single-crystal  X-Ray 

a n a l y ~ i s ' ~  of 6 a  mentioned later supported 

these structural assignments (see Figure 1 .). 

Thus, 3 a  was characterized to be cis-4a&- 

dimethyl-l,4,5,8-tetraazadecalin and the TAD 

analogs in a series of the present reaction were 

also characterized to have the cis-fused 

skeleton. Other types (3b,3c and 3d) of TAD 

derivatives were prepared by the reaction of 1 

with the ethylenediamine derivatives (2b, 2 c  

and 2d) (Scheme 1). 

Similarly, trans-2,3-dimethyl-5,6,7,8,9,10- 

hexahydroquinoxaline(4)' reacted with trans- Figure 1. ORTEP Drawing of 6a 
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1,2-diaminocyclohexane (5a) and cis-isomer (5b) in CH,CN under a low temperature condition to give 

trans-2,3-trans-6,7-his (tetramethylene)-cis-4a,8a-dimethyl-1,4,5,8-teuaazadecdin (6a) and cis-2,3-trans- 

6,7-bis (tetramethylene)-cis-4a,8a-dimethyl-1,4,5,8-tetraazadecalin (6b), respectively, which could be 

isolated as stable crystals even at room temperature (Scheme 2). 

Scheme 2 

5a: trans-isomer 
5b: cis-isomer 

6a: trans-cis-trans (60.6%) 
6b: trans-cis-cis (61.7%) 

Angularly nonsubstituted trans-TADs and the N-substituted trans-TADs were reported7 as very stable 

compounds prepared by refluxing ethanol solutions of glyoxal and diamines. Even in a variety of 

conditions starting with ethylenediamine and a-diketone, angularly substituted TADs were not obtained by 

the reported synthetic method. In our reactions, angularly substituted TADs were obtained by only mixing 

dihydropyrazines with diamines at a low temperature (4'C --3O0C), and then they were easily dissociated 

into their starting materials in CHCI, or CH3CN solution at room temperature. Consequently, 2,3-butane- 

dione reacted with ethylenediamine in refluxing CH3CN to give intermediary dihydropyrazine. When this 

reaction mixture was allowed to stand at -30°C, the dihydropyrazine reacted again with excess 

ethylenediamine to give cis-TAD (>24.8% yield) and other products.3 

Scheme 3 

in the case of R = H ~  

in the case of R=C& 
- 

heat - trans-TAD 
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The reaction mechanism for 2,3-butanedione is considered to differ from that7 for glyoxal because the 

intermedialy dihydropyrazine could not be detected by NMR spectrometry during the course of the reaction, 

although trans-TAD was obtained in 65.4% yield on the reaction of glyoxal with 2a according to the 

reported methods7 (Scheme 3). 

Scheme 4 

In alternative reactions of 1 with 5a and 4 with 2a, trans-2,3-teuamethylene-cis-4a,8a-dimethy-1,4,5,8- 

tetraazadecalin (7) was also obtained together with other products.'' 

At the present stage, it is not clear whether the cyclization reaction is simultaneous or stepwise. In a 

simultaneous reaction process, formation of the cis-isomer is considered to progress one-sidedly. Even in a 

stepwise addition reaction with more steric flexibility than the simultaneous reaction, predominant formation 

of the cis-isomer is also predictable. The transion state (TS) geometries leading to the cis-fused and trans- 

fused TADs were located by AM1 semiempirical MO methodI2 using TS option. The heats of formation of 

the cis-fusion TS and trans-fusion TS are 61.075 and 75.173 kcal/mol , respectively. The heat of 

formation of cis-fusion TSL3 is about 14 kcallmol smaller than that of trans-fusion TS as shown in Figure 

2. Further work on the novel formation reaction of dihydropyrazines is in progress. 

Figure 2. Possible Reaction Mechanism and AMI-Calculated Transition States for the Addition Reaction 

cis-fusion TS Intermediate (A) trans-fusion TS 
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