
f i l t t w c l  yiiirkly to reniove silicntcxs. aiid the filtrate cooled to 
bo. The product slowly separated as a yellow curdy precipi- 
tate which quickly turned blue-green on exposure to  thc 
air. This material was filtered with suction and washed 
with water and ethanol to obtain 0.63 g. (82%) of a pale 
bluish green solid, w i t h  no definite melting point (deconi- 
posed gradually above 200"). For analysis a sample was 
recrystallized from w%t<sr to  obtain bluish needles, grndual 
decomposition al)ovcx 200". The sample was dried at 100" 
in uacuo for 48 fir. M o r e  analysis. 

Anal. Calcd. for Cl:31114Y:203.H&: C, 59.07; H, 6.10; 
S, 10.60. Found: C. 59.04; II, 6.14; N, 10.64. 

The analysis did nnt change significantly upon drying the 
sample at 140' a t  0.05 nmi. for 24 hr. 

This compound gave negative tests with p-dimethylaniino- 
henznldehyde or potnasirini iodat,e,1° indicating a lack of 
free 1 or 3 positions. The ultraviolet spectra was typical 
of a 3-acetylindolizine (pcaks a t  372, 264, and 226 mp). 
The infrared spectrum (Sujol mull) was compatible with 
structure X.13 

3-r~cetyl-l-indolizine:ilanine (S) formed a sparingly 
soluble monohydrochloride when treated with 10% hydro- 
chloric acid a t  room temperature. This salt was extremely 
difficult to purify, hoxevc,r, readily decomposing to  dcrp 
blue solutions w11r.n dissolved in water. The hest sample \vas 
obtained by dissolxring in warm water, adding 2 drops of 
2 N  hydrochloric acid, :tnd then adding several voliimrs of 
acetone to precipitxte hlriish prisms, m.p. 265-267" dvc. 
(cap.). 

24naZ. Calcd. for C l l H l ~ c J l ~ 2 0 3 :  C1, 12.54; N, 9.91. Found: 
CI. 12.23; s, 9.44. 

The presence of the irit:ict indolizine ring system in X 
\vas also shown by cnnvrrsion to thr known compound, 
I,S-diiLitroindolirinp.6 -1 siispension of 0.50 g. of 3-acetyl-l- 
intiolizinealanine (S) in 6 ml. of glacial acetic acid was 
treated cautioudy with 3 ml. of concd. nitric acid (sp. gr. 
1.42). The clear, dark y e l l o ~  solution was heated on the 
steam bath for 1 hr., evaporated in vacuo until most of the 
acpt'ic acid was rcnioved, and then treated with 7 ml. of 
water. The bright yrllow prrcipitatp (0.1 g.) was isolated hv 
suction filtration and washcd with water. Rccrystallization 
of this material (m.p.  230-231 ") from lIcthy1 Celloaolve 
gave yello~v leafltsts, m.p. 232-233". .4 mixed melting point 
with an authentic sample of 1,3-dinitroindolizine5 (m.p. 

234-235") was undepressed. Scholtz6 reported m.p. 229" 
for this material. 

1-lndolizinealanine (XI) .  3-Acetyl-1-indolizinealanine (X) 
(11.4 g.; 0.0432 mole) was mixed with 115 ml. of 10% hydro- 
chloric acid and heated under reflux for 20 hr. (nitrogen 
atmosphere). The deep blue solution was cooled, neutralized 
to pH 8-9 with ammoniiim hydroxide with cooling, and 
evaporated the solution (now dark yellow) to a small 
volume in uaciio. After chilling to  5 O ,  the pale yellow solid 
was isolated by suction filtration and washed thoroughly 
wit,h ice water to remove ammonium chloride. The solid 
thus ohtainrd weighed 6.41 g. (7?.97,), m.p. (cap.) 233- 
235' (dec.). This material m-as very difficult t o  handle, 
since i t  quickly turned deep bluish green upon exposure to 
the air and light. Attempts to recrystallize the material 
from water gnve only blue solutions from which the amino 
acid was difficult to recover. 

This compound is best characterized and purified as the 
dihydrochloride salt,. Two-tenths gram was dissolved in a 
minimum quantity of warm water and 10 drops of concrn- 
trated hydrochloric acid added. The deep green solution 
was treated with 6 volumes of absolute ethanol, and the 
precipitated solid piirified by reprecipitation from dilute 
hi.drochloric acid with ethanol. The dihydrochloride was 
thus obtained as bluish green prisms, m.p. (cap.) 240-243" 
(Ice. 

Anal. Calcd. for CIIHI~CI~NCOI: C, 47.66; H, 5.09; C1, 
25 68. Found: C. 47.41; H, 5.14; CI, 25.28. 

Compound XI gave strongly positive tests with both 
:iridic ~-dimeth3.]nminobcnzaldehyde and pot'assium iodate, 
indirating an unsr:hstitnt,ed 1 or 3 position.10 The ultraviolet 
spectrum was t,ypical of that  of a simple alkyl-substituted 
ind~l iz ine ,~  showing masima at 29G, 285, and 23B mp in 
nelitral or basic solutions, with a shift in acid to  maxima a t  
307 and 235 mp with stronx end absorption. The infrared 
spectrum (Sujol mull) was that of a typical a-amino acid. 

The authors are indebted to 
Mr. E. E'. Shelberg and his staff for the micro- 
analyses, to  Mr. F. Chadde for the ultraviolet 
absorption spectra, and to 3fr. W. Washburn and 
his staff for the infrared absorption spectra. 
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Methylpvrazine has been alkylated st its side chain with a series of alkyl halides and benzyl chloride and arylated with 
bromobenzene using the sodium amide-liquid ammonia method. It has also been alkylated with benzyl alcohol using potas- 
sium hvdroxide as the condensing agent. The alkvlpyrazines hnve been reduced to 2-alkylpiperazines, which have been con- 
verted to the corresponding bis( benzenesulfonamides). 

In the earlier papers in this serieP, we reported 
that pyrazylmethylsodiuni, prepared from methyl- 

(1) This nork wa5 performed under Contract No. A T -  
(30-1)-670 hrtmecn thr  U. S. Atomic Energy Commission 
and the University of Pittsburgh. 

(2) This paper is based on part  of the thesis presented by 
J .  D. Rehun to the Graduate Facultv of the University of 
l'itt-hiirgh in partial f~il~dlnient 01 th(3 rc~liiiremc~rrts for the 
Ph.U. Jedrc:. 

- 

pyrazine and sodium amide in liquid ammonia, can 
be acylated with a series of esters to give a variety 
of pyrazylmethyl ketones,3 PzCH&OR, and con- 
densed with several aldehydes and ketones to give 
the corresponding pyrazylmethylcarbinols, PzCR2- 
C(0H)RR'.  

1.7) J. n. Rchiin and R. Lcvine, J .  A m .  Chem. Soc., 8 1 ,  
5157 (1959). 
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In thr prrscnt paper n-e report the results of a 
study of the alkylation and phcnylatioii of pyrazyl- 
methylsodium. The ovcr-all reaction,. are shon 11 i l l  

the io1 Ion-inq ic.hrn1c. 

I 

I1 
R = alkyl or phenyl 

The results are found in Table I. I t  may be seen 
that good yields, 44 -81 yo of monoalkylat~ed prod- 
ucts were obtained in all cases. In order to  mini- 
mize the formation a.1 dialkylat,cd materials, an 
excess of pyrazyliiiethylsodium over alkyl halide 
was employed. Thus, a 2:2:1 molar ratio of methyl- 
pyrazine-sodium amidc-halidc \vas wed.  I n  spite 
of these conditions, m a l l  amounts of higher 
boiling materials, presrima1)ly thc dialkylated prod- 
ucts, were produced in some reactions. Only in the 
alkylation of pyrazylmethylsodium with heiizyl 
chloride n-as enough higher tioiling material ob- 
tained iii a siificieiitly high state or purity so that 
it rould be siibjected t,o elemental analysis. 

As Abramoff and Sprinzak5 reported the alkyla- 
tion of the isomeric picolines with benzyl alcohol, it 
was of interest to determine whether methyl- 
pyraziiie could be alkylated by a similar procedure. 
Thus, a 41.57, yield of 2-phenethylpyrazine6 was 
obtained from the interaction of methylpyraziiie 
ivith benzyl alcohol using potas.sium hydroxide as 
the condensing agent. By the sodium amide- 
liquid ammonia method (Table I) ,  iiiethylpyraziiie 
\vas alkylated with benzyl chloride to give a mix- 

(4 )  J. D. Behiin and R. Levine, J .  .1m. Chena. Soc., 81, 

(5)  AI. Abramoff and Y. Sprinzak, J .  Am. Chem. Soc., 78, 

(6)  This reaction was performed by J. D. Rehiin at 

5666 11959). 

4090 (1956). 

Wynridotte Chemirnls C'orp., Wvanrllottr, Rlirh.  

H,O 

-1pparently only oiie of the mnporuitls listcd in  
Table I, J k , ,  n-butylpyrnziiir, \\-as prep:ircd pi.('- 
viously. Thus, Kkiii aiid Spot,rri* t t w t c t l  thc difii- 
cultly ohtainable pyrnxiiic Jvith ~ ~ - ~ ) ~ i t ~ - l I i t l i i i . i ~ i i  i i i  

ether at -20' and obtniiicd ;t 10.4';; yicld of n- 
hutylpyraziiic as comparrd ivith the i l  , i : , L  yiciltl 
\\-liirh ivas ohtained in the proxcnt st iidy by tliv 
allcylation of' the coniiiieic.ially :t\xihhIr methyl- 
pyrazine with n-propyl hroniidc. Tlirrrf'oi~r, thv 
present method appear< to  lie the Iwst 1vhic.h is rur- 
rentlya~ailahlcf'or thy sylithwis ofL'-nll;3.lp3'1.:iziii~i~, 

Attempts to preparc picrates, cwaol:~tcts uiid 

styphnates of the a1kyl:itrtl pyrazines failcd. IIow- 
ever. a l l  the moiioalliylatcd pi,otIucts coiild I)(> IV 

duced readily to  tlir c~orrespoiitling pipcraziiies, 111, 
by nieaiis of sodium iii alcohul or I)y I o ~ v  p r ~ s s u r ( ~  
hydrogenation OTTY pn1l:idiiini on c*hurro:il (Tubltx 
11). IYith the exception of "phenr,thylpipcra~iIi(,, 

ines were very hygroscopic niatc.ri:ds 
which were converted to their stahle his1)enzeiic.- 

(7)  Apparently tht: 1)romot)enzcnc is tleh3.drohslogen:~tccl 
t o  henzyne, which then reacts with the :inion of incthylpyra- 
zine. This espcriniriit \vas pt~rfornird t)y I)r. \V. LV. Lealit,. 
For related work 011 tho use of h i z j m t  as :L synthetic inter- 
mediate, see (a )  \V. \\-. Lenlte and 11. Lrvincl, J .  :Zm. Cheni. 
Soc., 81, 1169 ( l ! E Y ) .  ( b j  K. W. Leake and K. I m i n e ,  J .  
Am. Chem. SOC., 81, 1627 (1959). 

(8) B. Klein and P. E. Spoerri. .T. Am. Ch~n7 .  Soc.. 73, 
291!> ( 10.51 1. 
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TBBLE I1 
2-ALKYLPIPERAZINES, C I H ~ N ~ C H ~ R - ~  AND THEIR BIS(BENZENESULFONAUI~~S~  

Bis( bensenesulfonamides) - 
Yield, Carbon, % Hydrogen, 7 0  

R yo Method B.P. Mm. M.P. Formula Calcd. Found Calcd. Found 

G H s  61.3 A' 122-124 90 
n-C:sHi 62.0 €3' 90-93 15 
i-C3H7 86 .3  H 82-84 6 
n-C,HP 86.1 A 1 15-1 18 12 
i-C411$ 82 .0  A !lti-lOO 12 
tl-CjHII 83.0 B !)5-98 6 
CHpCH2N(CH:%), 69.0 A 10:3-107 :3 
CgHoCH2 .47,8 A 120-124 1 . 5  

101.2-101.8 
(m.p.Id 

128.4-129.2b 
120.0-120.6 
155.6-156.0 
93.8-94. 8 

123.4-124.0 
97.2-97.8 

123.2-124.0 
148.6-149.6 

55.95 
56.64 
56.85 
57.92 
57.79 
58.91 
56.05 
61.46 

5.92 5 . 7 3  
6.21 5.80 
6 .21  5,SO 
6 .46  6 .51  
6.46 6.46 
6 . 7 1  6.83 
6.47 6.16 
5.37 5.29 

l'rqxir(d from the corresponding pyrazine by sodium in ethanol reduction. All the bis( benzenesulfonamides) were 
rcv,vst:illizcd from an c.th:znol-watrr inixturr. ' Prepared from the corresponding pyrasine by reduction with hydrogen over 
it pallatliurn on  c.tiarc~oa1 catalyst. Ilecrystallized from petroleum ether (b.p. 60-70'). Anal. Calcd. for C12H18N2: C, 76.37; 
13, 9.53. Found: C, 76.00; H, 9.23. 

>ulfonamideh, I\', by the Hiiisherg reaction. 
The nonhpgroscopic 2-phenethylpiperazine was 
rcadilv rerrystallized and identified as such. 

H 

I1 

 EXPERIMENTAL'^ 

In this section the syntheses of four compounds are de- 
scribed: a typical alkylpyrazine, a typical 2-alkylpiperaxine, 
t)enzylpyrazine, and 2-phenylethylpyrazine. 

Preparation o j  n-butylpyrazine and 2-n-butylpiperazine. 
To 0.4 mole of sodium amidell in 400 ml. of anhydrous liquid 
ammonia contained in a 1-l., three neck, round bottom flask, 
equipped with a stirrer, Dry Ice condenser and dropping 
funnel, was added 37.6 g. (0.4 mole) of methylpyrazine. 
The  blood-red solution of pyrazylmethylsodium which re- 
sulted was stirred for 0.5 hr. to ensure complete conversion 
of the methylpyrazine to its anion. Then, n-propyl bromide 
(24.6 g., 0.2 mole), diluted with an equal volume of anhy- 
drous ether, x i s  added over a 20-min. period and the mix- 
ture was stirred for an additional hour. The reaction was 
cluenched by the addition of 25 g. of solid ammonium chlo- 
ride. The Dry Ice condenser was replaced by a nater-cooled 
cwntlcnser arid the aniinonia was replaced by ether. The mix- 
ture was heated on a steam bath until the ether Btarted to re- 
flux. Thc resulting solution Tvas poured onto ice, was made 
strongly acidic with concentrated hydrochloric acid and was 

(9) 8. hl. McElvain, CharacterzzatLon o j  Organic Com- 

(10) The methylpyrazine used in this study waB supplied 

(11) S.  R. Hnrris and B. Levine, J .  Am. C h m .  Soc., 70, 

pounds, Macmillan, New York, 1953, p. 174. 

through the courtesy of Wyandotte Chemicals Gorp. 
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extracted with several portions of ether. The aqueous phase 
was made basic with sodium hydroxide and was extracted 
with several portions of chloroform. 

Distillation of the chloroform and ether extracts gave 
30.5 g. (71.7%) of n-butylpyrasine, b.p. 90-92' a t  20 mm. 
A tarry, non-distillable residue (4.0 g.) remained in the 
distillation flask. 

n-Butylpyrazine (6.8 g., 0.05 mole), dissolved in 150 ml. of 
05% ethanol, wa8 treated with hydrogen over a palladium on 
charcoal catalyst in a Parr hydrogenator a t  3-4 atm. and 
gave on distillation 4.4 g. (62.070) of 2-n-butylpiperazine, 
h.p. 90-93" a t  15 mm. The hishenzenesulfonamide of this 
hygroscopic compound n-as formed in essentially quantita- 
tive yield and melted a t  120.0-120.6" after recrystallization 
from an ethanol-water mixture. 

In  those reactions where the alkylpyrazine was reduced to 
the 2-alkylpiperazine by sodium in alcohol the following 
procedure was used. The alkylpyrazine (0.04 mole) wv,s dis- 
solved in 200 ml. of absolute ethanol. Sodium (0.4 mole, 
9.2 g.) was added in thc form of small cubes over a 1-hr. 
period and the mixture was stirred an additional half-hour. 
The mixture was poured onto ice, was extracted with chloro- 
form, and was processed in the regular manner. 

Preparation of benzylpyrazine. Using the Two Flask 
Method, which was described previously12 for the phenyla- 
tion of other active hydrogen compounds, the interaction of 
sodium amide (1.0 mole), methylpyrazine (0.5 mole, 47.0 9.) 
and bromobenzene (0.25 mole, 39.3 g.) gave 22.4 g. (52.570) 
of benzylpyrazine, b.p. 107-108' a t  1.3 mm. and 6.0 g. 
(19.5%) of what may be benzhydrylpyrazine (b.p. 172- 
175' a t  1.3 mm., m.p. 106-107" from 95% ethanol) al- 
though this compound did not give a satisfactory analysis. 

Anal. Calcd. for CllHloNz: C, 77.62; H, 5.99. Found: C, 
77.52; H, 6.03. 

Preparation of 9-phenethylpyrazine. Methylpyrazine ( 10 
ml.), benzyl alcohol (110 ml.) and potassium hydroxide 
(11.2 g.) were placed in a 250-ml., one neck, round bottom 
flask and the mixture was refluxed for 24 hr. The reaction 
mixture was allowed to  cool to room temperature, 200 ml. of 
water was added, and the mixture was extracted with several 
portions of chloroform. The combined chloroform extracts 
were dried over anhydrous sodium sulfate, the solvent was 
removed a t  atmospheric pressure and the residue was dis- 
tilled to give 8.1 g. (41.570) of 2-phenethylpyrazine, b.p. 
110-117" a t  2 mm.; 2.5 g. (10.3%) of what is probably pre- 
dominantly 2-( 1,3-diphenyl-2-propyI)pyrasine, b.p. 170- 

(12) qee ref. ;a. 
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200" a t  2 mm. and 1.0 g. of tarry residue. On redistillation, 
the 2-phenethyl-pyrazine boiled at 118-121" a t  2 mm. A 
sample of this material was reduced by treatment with so- 
dium in ethanol to 2-phenethylpiperazine, m.p. 101-102° 

after recrystallization from petroleum ether (t1.p. GO-TO") 
(see Table 11). 

PITTSBURGH 13, PA. 
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Synthesis of Pyridazinyl- Substituted Phosphorothioate Esters 

SHIRLEY Du BREUIL 

Received January 4,  1960 

1 qririrss of inwticid:dlv active tii:tlkvl pvridszinrl phosphates and phosphorothioates was prepared by the reaction of the 
:qq)ro:)ri:Lte p~ioiplioroc,hlorit~atc. with h?;dlou?-pyrida~inones. 

Sinw the introduction of parathion, 

S 

( C z K 5 0 ) k - O  *O,, 

as n potent broad-spcctrum insecticide, there have 
appcared a varicty of other phosphate insecticides 
prcpnrcd from compounds containing an acidic or 
enolizable hvdrogen atom. Of particular interest 
have been derivatives of nitrogen-containing hetero- 
cycles such as Diazinonl 0,O-diethyl 0-(2-isopro- 
ppl - 6 -methyl - 4 - pyrimidyl) phosphorothioate;'" 

S 

and ''I Pyrazoxon' diethyl 3-methyld-pyrazolyl 
phospha t e, * 

0 I1 L7-3 

(CzH50)zP-O ' h 
H 

In our laboratories, interest has centered on the 
derivatives of 6- hydroxy-3(2H)-pyridazinone, more 
commonly known as maleic hydrazide (I, R = H) : 

HO-0 
N-P;T 

R 
I 

T(R= H) is a difficultly soluble, high melting mono- 
basic acid which has pK, 7.6 in 90% ethanol (5.7 in 
mater3). Substitution a t  the ( 2 H )  position by alkyl 
or aryl groups does not, affect t'he acidit'y appre- 
ciably, hut the solubility in organic solvents is im- 

( 1 )  Registerd Trademark of J. R.  Gcigy A-G.  
( l ) ( a )  11. Ggsin and A .  Margot, C. S. Patent 2,754,243, 

( 2 )  H. Gysin and A. hIargot, U. S. Patent 2,754,244, J u l y  

( 3 )  A. .2lbert and J. S. Philips, J. Chem. Soc., 1294 (1956). 

July 10, l 9 X  ( to  J. It. Geigy .4.-G.). 

10, 1933 ( to  J. R. Geigy .I.-G.). 

proved. As expected, these compounds react simi- 
larly to phenols with 0,O-dialkyl phosphorochlorido- 
thioates (equation I )  : 

(R'O),P--C1+ f H O O O  - 
N-N 

I R S (1) I 

(R '0) 2 ! - o o o  
N-N 

I1 R 
I 

The products obtained are usually crystalline 
solids, soluble in organic solvents other than the 
paraffinic hydrocarbons, and essentially insoluble 
in water. When R=H, the phosphorothioates are 
weakly acidic (pKa 10-11 in 90% ethanol), and 
they may be recovered in fair yield upon acidifica- 
tion of an alkaline solution. 

Generally the 0,O-dialkyl 0-pyridazinyl phos- 
phorothioates (11) were prepared according to  
equation 1, using anhydrous sodium carbonate as 
the base in N,N-dimethylformamide (DMF) or 1- 
methyl-2-pyrrolidone (NMP). In  some cases the 
preformed sodium salts of I were used, and, in fact, 
these were preferred for those pyridazinones having 
pK. values of 8.5 or higher in 90% ethanol. Reac- 
tions conducted in acetone, met,hyl isobutyl ketone, 
or toluene were not surcessful, possibly due to  the 
extreme insolubility of the starting heterocycles. 
Dioxane and tetrahydrofuran appeared to dissolve 
small amounts of maleic hydrazide, but the desired 
products were not isolated from reactions conducted 
in these solvents. Reactions utilizing 0,O-dimethyl 
phosphorochloridothioate (equation 1, R' = CH,), 
were conducted in water with an equivalent of 
potassium or sodium hydroxide, since in dimethyl- 
formamide or 1-methyl-2-pyrrdidone this phos- 
phorochloridothioate reacted preferentially and 
violently with the solvents. It is possible that higher 
homologs also reacted with the solvents to some ex- 
tent, and this competing reaction may account in 
part for the low yields obtained in many of the 
preparations. 


