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It is generally known that sugars react with ammonia to produce pyrazine 

compounds’. At least fifteen sugar-derived alkylpyrazines have been identifiedZm3. 
Only the following polyhydroxyalkylpyrazines, however, have been identified: 5(D- 

arubitzo-tetrahydroxybutyl)-2-methylpyrazine’, 6-(D-arabirro-tetrahydroxybutyl)-I- 

methylpyrazine’, 5-(D-arubino-tetrahydroxybutyl)-3-(D-~r~,~/zro-trihydro.uypropyl)-2- 

methylpyrazines, 2-(D-arabi~zo-tetrahydroxybutyl)-5-(D-c~~~~/z~~-~,3,~trii~~drox~~butyl) 

pyrazine (deosyfructosazine)6-s, 2-( D-arabit?o-tetrah~drosybutyl)-6-(D-er~r/lro-2.3,4- 

trihydroxybutyl)pyrazine’**, 2,5-di-(D-arubi~ro-tetrahydroxybutyl)pyrazine (fructo- 

SaZkie~9-“, ?!-(D-g/ycero- _ I 2,3-dihvdrox~prop~l)-5-(D-t/~reo-trihydro?c~~i3rop~l)p~ra- 

zine r ‘, 2-( D-glycero-2,3-dihydroxypropyl)-6-( D-r/Ire&trihydroxypropyl)pyrazine “. 13, 

2.5-di-(D-t/zreo-trihydroxypropyl)pyrazine’3 and 2,6-di-(D-rhreo-trihydrosypropyl)- 

pyrazine’ s_ 
Our studies on the formation of polyhydroxyalkylpgrazines from the reaction 

of sugars with ammonia in weakly acidic medium showed that two (l-deosypoly- 

hydroxyalkyl)pyrazine isomers, such as deosyfructosazine and its 6-isomer, Lvere abun- 
dantly formed, but other homologues were detected only in trace amounts. However. 
in an alkaline medium, several kinds of unknown polyhydrosyalkylpyrazines were 
produced, probably from alkaline degradation-products of reducing sugars * ‘. 

Hitherto, paper chromato_graphy4*’ and ion-exchange chromatography’ have 

been used to separate and identify polyhydroxyalkylpyrazines. As it is difficult to 
separate individual compounds from a mixture containing several homologous 

members by these techniques, a combination of these methods with g.l.c.-m.s. 

analysis was investigated. Although a number of gl.c.-m-s. analyses of trimethylsilyl 

ethers and butaneboronate-trimethylsilyl derivatives of carbohydrates and glycitols 
have been reported ’ ‘--’ ‘, corresponding data for derivatives of polyhydroxyalkyl- 

pyrazines have not been published. 
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The trimethylsilyl ethers and butaneboronate-trimethylsilyl derivatives of the 

nine polyhydrosyalkylpyrazines 1-9 were prepared, and these derivatives were 
examined by g.1.c. The trimethylsiiyl ethers gave, respectively, a single peak on 
chromatogram, and the retention time of each peak was different (Table I). On the 

other hand, the butaneboronate-trimethylsilyl derivatives showed some minor peaks. 

in addition to the main peak, except three perbutaneboronatcs of 1,2, and 9 (Table I). 
which are devoid of trimethylsilyl groups. 

TABLE I 

KETESTIOS T,X,ES OF TRIslETHYLSILYL ETHERS ASD BUTASEBOROVATE-TRI~l~TiiYLSILYL DERIVATIVES 

OF POLYHYDROSYALKYLPYR%ZlSES 

5-~D-rtnrhino-Tccr~l~~~ro~~butyl)-2-m~th~i- (I) 

6-(~-arrtbi~ro-Tetrahydro~ybutyl)-2-methyl (2) 

2-(D-g[rcero-2,SDihydrox)‘prop) i)-W~~hreo- 

trih<drosypropyl)- (3) 

2-(D-~frcero-2.3-Dihydror;~propyI)-6-fo-rhr~o- 
trih>ldroxypropyl)- (4) 

25Di-(D-rhreo-trihydropl)- (5) 

2,6-Di-(o-t/rreo-trihydroxypropyl)- (6) 

1-(D-nrcrbino-Tetrahydroxybutyl)-5-(o-cr~rhro-2,3,4- 
trihydrosybutyl)- (7) 

2-(o-arabit~0-Tetr~hydro.uybutyl)-6-(n-er~r/rro-2.3.4- 
trihydrosybutyI)- (8) 

2,5-Di-(D-nrc&ino-tetrahydrosybutyl)- (9) 

5.50 4.25 

5.27 . 4.25 

1 I.40 9.15”. S.10 

10.25 S.005, 7.25 

12.40 11.15”. 13.10 

11.50 10.2Y. 11.75 

15.42 14.25”, 13.96 

16.62 17.50 

“Main peak. 
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Scheme 1. Fragmentation patterns of the trimethylsilyl ethers of l-9. 
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The trimethylsilyl and butaneboronate-trimethylsilyl derivatives of l-9 were 
subjected to g.l.c.-ms. analysis. The mass spectral data of the trimethylsilyl deriv- 
atives showed the typical fragmentation of pertrimethylsilyl ethers of polyhydroxy- 
alkyl chains and stability of the pyrazine nucleus towards electron bombardment 
(see Scheme l), the major fragment ions being formed by the cleavage of the per- 
trimethylsilyl ethers of polyhydroxyalkyl chains (Tables II-VI). The main peaks are 
those formed by assuming p-cleavage of the polytrimethylsilyloxyalkyl chain; for the 
trimerhylsilyl derivatives of 3, 4, 5 and 6, ions at m/e 205 and m/e (M -204) are 
abundant, and for the trimethylsilyl derivatives of 1, 2, 7, 8, and 9, ions at ~z/e 217, 
nz/e 307, and nz/e (M - 306) are the main fragments. It is not possible to assert whether 
those main peaks are formed by a McLafferty rearrangement rather than by a simple 
fi-cIeavage. A y-fission is reflected by the presence of ions at 71z/e (h/I - 103) (for the 
trimethylsilyl derivatives of 3, 4, 5, and 6) and HZ/~ (M-205) (for the trimethylsilyl 
derivatives of 1, 2, 7, 8 and 9), whereas r-fission-fragments are not evident_ 

T-ABLE II 

>l.-\JOR FRXXEST.5 RESULTISG FRO\1 ELECTROS-IMPACT IOSIZ.ATIOS OF THE 1 RI\IETHYLS,LYL 

ETHERS OF 1 XXD 2 

501 x.7 

4s7 Il.9 

--I- 
2-2 55.5 

307 100.0 

297 5.9 

2-n 11.9 

265 31.7 

117 63.4 

305 10.9 

196 54.5 

IS9 13-g 

147 6.9 

103 90.7 

73 12.9 

‘7 _- 

15.5 

34.5 

7.3 

5.7 

5.6 

11.6 

60.9 

100.0 

12.2 

7s 

5.2 

63.9 

5.7 

13.9 

31.7 

76.1 

10.9 

21.7 

s-7 

16-I 

[00-O 

12.6 

4.1 

3.4 

1.4 

1S.S 

3.4 

5.6 

21.0 

3.4 

6.0 

3.0 

17.8 

32.2 

100.0 

XI - 

S&HL1 

hl - IMc&iOH + Me,SiO’) 

CHz(OSiMe3)-CH(OSi~Mej)-CTH(OSihlc,) 

hl -CH1(OSi?vle,)-~I(OSiMe,) 

m/e307---7CH3 

hl -[CH~(OSihIe+~H(OSiMe,) -kg2 H,] 

CH(OSiMeJ)=CH-EH(OSihfex) 

CHZ(OSiMe3)-CIH(OSiMeS~ 

M-CH(OSiMe3)=C(OSiMej)-CH,(OSiivle) 

CH~(OSi~Ie&bH(OSiMe)=CH2 
i 

Me3Si-0-SiMe, 

Me,SiO;H2 
f 

Me,Si 
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TABLE III 

~wJoRFRAGMENTS RESULTING FROhf ELECTRON-I~~PACTIONIZATIONOFTHE TRI~ZETHYLSILYL 

Ei=?zERSOF3AND3 

m/e Intensity (%) Assignments 

Me&i ether of 3 Me.Si ether of 4 

2OeV 70 eV 20eV 70eV 

604 

559 

514 

501 

471 

400 

310 

205 

147 

117 

103 

73 

37.4 4.8 23.0 4.2 M 

24.2 6.0 10.0 2.9 M--H, 

8.0 1.2 3.3 0.4 M -Me&OH 

7.7 2.0 5.3 0.9 M - MejSiOEHz 

10.5 2.4 13.8 2.9 

100.0 24.6 100.0 14.6 

10.1 3.2 10.5 1.3 

63.6 27.8 76.6 17.9 

10.1 25.4 18.1 27.0 

7.7 13.5 18.1 12.4 

2.4 5.7 5.5 6.2 

5.7 100.0 1l.S 100.0 

+ -I- 
M-_IIM~~S~OCH~ -iCzHs] 

M - [CH(OSiMe,)=CH(OSiMe,)l 

I?Z/C 400 - Me,SiOH 

CH2(OSiMe&EH(OSiMe,) 

MeJSi-O-&Me2 

Me,SiOfCHz 

Me,& 

The major fragments resulting from electron-impact ionization of the butane- 
boronate-trimethylsilyl derivatives of 2-9 (see Scheme 2) are assigned as shown in 
Tables VII-Xl_ As expected, the derivatives of compounds possessing pairs of 

hydroxyl groups able to form perboronate cyclic esters, such as 1, 2, and 9, showed 
the absence of a trimethyIsiIy1 group [lack of ions at nz/e 73, 103, M - 90 (or S9), and 

M- 1031, and the molecular ions agreed with those of perbutaneboronates (Mt 346 
and Mi 584, respectively). On the other hand, the derivatives of 3, 4, 5, 6, 7, and 8 

that have a polyhydroxyalkyl chain containin, = an odd number of hydroxyl groups 

showed the presence of a trimethylsilyl group [presence of ions at IH/C 73, 89 (or 90), 
or 103, or both] in addition to the boronate cycle. Comparison of the structures of the 
compounds possessing substituent b (3, 4, 5, and 6) with those of the compounds 
having substituent c (7 and 8) showed that the former compounds would predo- 

minantly form a l,Z-boronate cycle, leaving free the terminal primary alcohol group, 

whereas the latter compounds would mainly give a 3,4-boronate cycle involving the 
terminal primary alcohol group. This observation suggests that the formation of the 
boronate cycIe probably depends on the conformation of each substituent. 
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Scheme 2. Fragmentation patterns of perbutaneboronate and butaneboronate-trimethylsily 

derivatives of 2-9. 
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TABLE IV 

hIAJOR FRAGhfENTS RESULTING FROM ELECTRON-IMPACT IOSIZATION OF THE 

TRIMETHYLSILYL ETHERS OF 5 AND 6 

m/e Assigntenrs 

692 22.5 33.9 7.8 M 

677 15.0 14.6 6.6 

560 4.5 20-s 1.4 

455 37.5 s5.9 12.8 

398 13.5 4.2 3.9 

355 7.5 5.2 3.3 

295 27.0 15.6 9.5 

253 67.5 5.2 23.9 

205 100.0 100.0 36.5 

147 21.3 26.0 26.5 

117 15.0 20.5 16.6 

103 5.5 9.4 4.3 

73 11.3 15.6 100.0 

Me&i etller of 5 MesSi ether of 6 

20 ev 70 eV 20 ev 70eV 

r&HJ f 
M - Me,SiOCH, 

hi-CH(OSiMe,)=CH(OSiMes) 

m/e 455 - MexSiObHz 

tn/e4SS - CH~(OSihIej)-fH(OSi~,le~) 

CH2(OSiMe,)-bH(OSiMe,) 

kIe,Si-0-gihIe2 

f 
hIe3SiOCH2 

MelSCi 

EXPERIhlENTAL 

Materials. - 5-(D-arabino-Tetrahydroxybutyl)-2-methylpyrazine (1) and 6-(II- 

arabitro-tetrahydroxybutyl)-2-methylpyrazine (2) were prepared by the method of 

Hough et aL4, and 2,5-di-(D-arabino-tetrahydroxybutyl)pyrazine (9) by that of Fujii 
et aI.22. 2-(D-gl~cero-2,3-Dihydroxypropyl)-5-(D-threo-trihydroxypropyl)pyrazine1 ’ 

(3), 2-(D-g~ycero--, 3 3-dihydroxypropyl)-6-(D-t/~~eo-trihydrox~propyl)pyrazine1~ (A), 

2,5-di-(D-three-trihydroxypropyl)pyrazine’ 4 (S), 2,6-di-(D-r/rr-eo-trihydroxypropyl)- 

pyrazine t4 (6), 2-( - b D ara ino-tetrahydroxybutyl)-5-(D-e~~t~z~~-2~3,4-trih~~droxybutyl)- 

pyrazine’ (?), and 2-(D-arabino-tetrahydroxybutyl)-6-(o-er?.thro-2,3,4-trihydrosy- 

butyl)pyrazine* (8) were prepared as previously described. 
PertrimethyIsiIyI ether of poIv/lL’nr-o~~a[~~~p~~ra~i~les. - These ethers were 

prepared by a modification of the method of Sweeley et a/.‘3: each polyhydroxyalkyl- 

pyrazine compound (10 mg) was dissolved in NJV-dimethylformamide (0.5 ml) and 

hexamethyldisilazane (0.2 ml), followed by addition of chlorotrimethylsilane (0.1 mi). 
The solution was heated for 3 mm at 100” in a sealed tube, and then the solution was 
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TABLE V 

hI.AJOR FRAGhIENTS RESULTIXG FROhl ELECTRON-ILlPACT IONIZATION OF THE 

TRIXETHYISILYL ETHERS OF 7 AND 8 

de znremiry (%) Assignments 

hfe3Si ether of 7 h,feaSi ether of 8 

20eV 70eV 20 eY 70 eV 

SOS 30.0 

793 14.5 

603 4.5 

57-I X.9 

507 13.1 

307 100.0 

277 7.1 

217 56.0 

205 4.S 

IS9 7.6 

147 2.0 

103 30.5 

73 2.6 

4.4 so.0 

3.0 21.5 

1.2 S.5 

3.5 70.s 

2.1 35.5 

1 s-5 100.0 

10-s 

21.0 76.9 

14.0 11.5 

4.3 

33.4 1.6 

44.4 50.0 

100.0 5.4 

4.9 

1.7 

0.7 

7.3 

3.9 

12.7 

17.s 

12.7 

25.4 

37.6 

100.0 

M 

M-&J 

M - CH,(OSiMe&CfH(OSiMe3) 

IM - [CH,(OSiMe&H(OSiMe3) + &H.J 

M-CH(OSihIe3)=C(OSii\le+CH2(OSiMe3) 

CH2(OSiMe3)-CH(OSiMe3)-bH(OSiMe3) 

m/e 307--2&I, 

CH(OSiMe3)=CH-$H(OSiMes) 

CH~(OSiMe&H(OSihie,) 

m/e 205 - CH, 
+ 

Me$Si-0-SiMeZ 

hIe&iO~H= 

Me$i 

evaporated i/r vacua in a desiccator. The residue was dissolved in hexane (0.5 ml) and 
analyzed by g.1.c. and g.l.c.-m.s. 

Brrtmlebor-oilate-trillretil~.~sil~l dericatit-es of pol~l~~~ro.~~~aik~)Ip~~a~i~lcs_ - The 
butaneboronate-trimethylsilyl derivatives of l-9 were prepared by the method of 
Wood et al. I’. Each compoun d ( 10 mg) was dissolved in anhydrous pyridine (0.5 ml). 
and butaneboronic acid (12.5 mg) was added to the solution. The solution was heated 
for 10 min at 100” in a sealed tube. After the reaction mixture had cooled, hexa- 
methyldisilazane (0.4 ml) and chlorotrimethylsilane (0.2 ml) were added. The solvent 
was evaporated in a desiccator under reduced pressure, and the residue dissolved in a 
small amount of ether and analyzed by g.1.c. and g.l.c.-m-s. 

Gas-liquid chromatography. - G.1.c. was performed with a Shimazu Model 
GC-6A gas chromatograph equipped with a glass column (0.3 x 100 cm) of 1% 
Silicone OV-1 on Anachrom SD (100-l 10 mesh)_ The oven temperature was pro- 
grammed to increase at a rate of 6” per min from 140” to 270”. Injection and detector 
temperatures were held constant at 290”. 

Conrbiired gas-liquid chromatography-mass spectronzetry. - G.l.c.-m.s. analysis 
was performed with a Hitachi Model RMU-6MG gas chromatograph-mass spectro- 
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TABLE VI 

MAJOR FRAGhlENTS RESULTING FROM ELECTRON-IMPACT IONIZATION OF THE 

TRMETHYLSILYL ETHER OF 9 

m/e Intensity (%) Assignments 

2OeV 70eV 

896 

881 

706 

662 

590 

307 

277 

‘17 

205 

147 

103 

73 

25.1 1.0 

6.0 0.8 

4.0 

35.8 1.1 

14.2 0.5 

100.0 18.3 

10.0 

89.5 ” 7 __. 

16.3 il.9 

4.5 22.7 

69.S 55.7 

8.0 100.0 

M 

M--+CHz 
hl- MeJSiOH 

M - [CH,(OSiMe&bH(OSiMe,) +&H5] 

hl -CHz(OSiMea)=C(OSiMe3)-CH2(OSiMes) 

CHz(OSiMe,)-CH(OSiMe&&H(OSiMe,) 

tttje 307-C2H6 

CH(OSiMeJ)=CH-&I(OSiivle,) 

CH2(OSih4e&H(OSiMe~) 

hIe,Si-O-<i(CH,)Z 

meter using an all glass jet separator as the g.l.c.-m-s. interface. The gas chromato- 
graphic conditions were the same as those just described. The interface temperature 
was 300”. The mass spectrometer was operated under the following conditions: ionizing 

electron energy of 20 or 70 eV, ion accelerating voltage of 3.2 kV (nzfc mas. 

ISOO), total emission of 100 itA, and ion source temperature of ISO”. 
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TABLE VIII 

hWOR FRAGMENTS RESULTING FROM ELECTRON-IhIPACl- IONIZATION OF THE 

BUT-ANEBORONATE-,-RIMETHYUILYL DERIVATIVES OF 3 AX,, 4 

de htensity (%) (20 e v) 

Deric;. of 3 Derio. of 4 

44s 

433 

391 

318 

34s 

322 

232 

219 
207 

190 

117 
103 

73 

57 

4.1 

16.3 

6.0 

25.1 

100.0 

12.6 

38.9 
4.7 

9.6 

20.9 

4.8 

5.7 

44.9 

100.0 

M 

M - EHj CM- 15) 

+ 
M - C4Hg (M - 57) 

M - Me-,SiOH (M - SO) 

M - Me,S,O?H, (M - 103 

M - CH=CH (M - 126 ‘1 

49.2 

13.s 
13.2 

I I 
O\ ,” 

8\ BU 

m/e 322 - Me,SIOH 

m/e 322 - MejStOfHZ 

13.3 13.5 

13-S 
7.9 10.0 

13.8 18.7 M& 
+ 

8.G 17.0 ‘=s% 
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TABLE IX 

hL4JOR FRAGMENTS P.ESULTING FROM ELECI-RON-IMPACT IONIZATION OF THE 

BUTANEBORONATE-TRIhfETHYLSILYL DERIVATIVES OF 5 AND 6 

m/e Assignments 

Deriv. of 5 Deriv. of 6 

536 20.5 43.9 

521 63.9 56.8 

494 7.9 16.5 

479 7.6 9.5 

446 46.5 26.2 

433 100.0 100.0 

404 20.1 11.0 
403 11.5 51.9 
343 41.0 40.0 

320 38.5 35.0 M - 216 

299 23.8 10.3 

199 16.4 10.8 
117 6.0 25.8 

103 

73 

78.0 

50.0 

16.9 

26.9 

M 

M - ;H, (M-151 

M - CIIHs (M-42) 

+ 
M - C.,Hs CM-571 

M - Me&OH (M-90) 

M - Me,SiOzH, (M - ICI31 

m/e 433 - &H5 

m/e 433 - M+SiOH 
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TABLE X 

MAJOR FRAGMENTS RESULTING FROM ELECl-RON-IMPACT IONIZATION OF THE 

BUTANEBORONATE-TRIMETH YuxLn DERWA~ OF 7 AND 8 

m/e Intensity (%) (20 e V) 

Deriv. of 7 Deriu. of 8 

Assignments 

574 10.7 20.0 

559 11.9 13.8 

517 5.0 16.2 

490 16.1 42.0 

475 29.8 32.4 

473 4.0 8.6 

447 66.2 29.0 

346 100.0 100.0 

229 

149 
103 
73 

21.5 10.0 

8.7 17.5 
55.2 14.0 
20.3 6.0 

M 

M - ;H3 (M- 15) 

+ 
M - C4Hg (M-57) 

M - K,H,lBO (M-84) 

+ 
M - (CH,I,StO (M-89) 

M - &Hc,) 6-0 
+ 

(OH) 

M - CHr-EH (M - 127) 

f I 

01 ,O 

%” 

M - CHZ-C=CH (M - 228) 

I I I 

4 A0 
0SiMe3 

%” 

CH2 -CH--CCH 

I I I 
0 0 

‘6’ 

OSuMe, 

‘8” 
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TABLE Xl 

hiAJOR FRAGMEhS RESULTING FRO?.5 ELECTRON-1blPACT IONIZATION OF THE 

BUTANEBORONAXZ-IXWETHYLSILYL DERIVATIVE OF 9 

mle lnfensify (%) (20 ev) Assigrtmenrs 

584 LOO.0 

555 17.0 

542 62.5 

527 65.5 

500 81.2 

4s4 28.0 

457 SO.5 

4% 

399 

68.4 

30.2 

361 45. I 

301 

273 
139 
117 

57 

23.3 

15.4 
27.9 
10.0 

4.5 

M 

+ 
M - C,t+, CM - 291 

M - C3H6 (M - 42) 

M - ?,Hg (M - 591 

M - K.+J50 (M- 841 

M - K,HgJEI02 (M - 1OOJ 

M - CH> -<H (M - 727) 

I I 
0 

../ a 

8 

‘3” 

I 
4. 

ii) e 428 - CH>-CH 

I I 
0 0 

‘d 

‘0” 

P 
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