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10 ml. anhydrous ether and 3 ml. purified pyridine coded 
in an ice bath, was slowly added with shaking, 2 g. thionyl 
chloride. Tho reaction mixture was allowed to warm to room 
ttlmpcra.tiire and then stand for 16 hr. It was then poured 
onto cracked ice and the mixture extracted with ether. The 
ether extract, after having been washed several times with 
water and then dried over sodium sulfate, was concentrated 
in uacuo to remove the ether. 

A n  infrared spectrum of the total crude product revealed 

that the hydroxyl group, which appeared in the adduct a t  
3580 as a sharp and intense bond, was completeiy 
lacking, thus indicating the completenes.; of the dehydration 
reaction. 

The ultraviolet spectrum run on an ethanol solution 
whose concentration was 1.2 X 10-ailf, showed only end 
absorption above 220 mp. 
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1,2-Diamino-1,2-dimethylguanidine has been synthesized and oxidized with bromate in acidic medium to 1,4-dimethyl-5- 

It has recently been demonstrated' that the oxi- isolation should be a good indication of the total 
dation of 1,l-dialkylhydrazines with bromate or amount of tetrazole present in solution. However, 
iodate in strongly acidic medium involves a two a comparison of the molar absorbancy indices 
electron change and yields diazo-like intermediates, (AM) for 1,4-din1ethyl-5-iminotetrazole and the 
[R2N===NH] f, of varying stability. These inter- oxidized species from 1,2-diamino-1,2-dimethyl- 
mediates are irreversibly converted to tetraalkyl- guanidinium nitrate (A,w = 1980 and ca. 1750, re- 
tetrazenes in basic medium. This sequence of reac- spectively, at 258 mcl in basic aqueous solution) 

iminote traaole. 
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tions has now been applied to  1,2-diamino-1,2-di- 
methylguanidine. The coupling of the diazo-like 
intermediate can occur either intramolecularly to 
give the known 1,4-dimethyl-S-imin~tetrazole~ or 
intermolecularly to give a water-soluble polytetra- 
zene. 

Experimentally the substituted tetrazole (A) was 
recovered as its phenylthiourea derivative in 35- 
37y0 yield. The synthesis of the 1,4-dimethyl-5- 
iminotetrazole in this manner is further proof that 
the previously assigned positions2 for the methyl 
groups are correct. In  addition, this method offers 
a new route to this class of tetrazole compounds. 

Since the phenylthiourea derivative of the 1,4- 
dimethyl-5-iminotetrazole is readily formed and is 
sparingly soluble, the results from this method of 
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indicates that conversion to tetrazole or compounds 
with a similar nitrogen resonance system should be 
about 90%. This spectrophotometric procedure 
would probably not discriminate between the nitro- 
gen system in the tetrazole and that found either 
in a polytetrazene (a) or conceivably in a 10- 
membered ring compound resulting from a dimer- 
ization of the diazo-like intermediate. Hence, the 
difference between the 36y0 and the 90% is best 
attributed to  polytetrazene although i t  has not 
been isolated. 

One other product that might result indirectly 
during the oxidation of 1,2-diamino-1,2-dimethyl- 
guanidine is 1,4-dimethyl-5-tetrazolone (from thc 
hydrolysis of the corresponding imino-compound). 
This possibility is largely excluded, however, by 
the following : 1,4-Dimethyl-5-tetrazolone in aque- 
ous solution has a maximum absorption a t  223 rnk 
(A ,  = 3185), which is similar to that for 1,4-di- 
methyl-5-iminotetrazole in acidic medium, but 
which is otherwise essentially independent of p R .  
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ils stated earlier, when the solution arising from the 
oxidation is made basic, the absorption at  258 mp 
rorresponds to  90% conversion to  1,4-dimethyl-5- 
iminotetrazole or compounds with similar resonance 
syst,ems. Hence, the amount of tetrazolone formed 
is at best only about 10%. Hattori, et r ~ l . , ~  previ- 
ously used the similarity in the characteristic ab- 
sorptions of 1,3-dimethyl-5-tetrazolone (256 mp, 
A,v = 2030) and of 1,3-dimethyl-5-iminotetrazole 
(256 mp, A,w = 2670) as indirect evidence to  sup- 
port the former structure. 

In contrast to the relative instability of the diazo- 
like intermediate formed by the oxidation of the 
1,l-dialkylhydrazines in acid media, the corre- 
sponding intermediate obtained from the 1,2-di- 
amino-1 ,Zdimethylguanidine was stable and 
showed no evidence of decomposition, either titri- 
metrically (a further consumption of iodate as the 
solution aged) or spectrophotometrically. With the 
1,l- dialkylhydrazines the decomposition of the 
diazo-like intermediate could be followed by both 
procedures. Furthermore, in contrast to  the be- 
havior of the diazo-like intermediate from a 1,l-di- 
alkylhydrazine, the intermediate formed in the oxi- 
dation of 1,2-diamino-1,2-dimethylguanidine does 
not appear to be reduced by stannous chloride in 
acid medium to the starting hydrazine. 1,4-Di- 
methyl-5-iminotetrazole is not reduced to  the start- 
ing diaminoguanidine derivative by stannous chlo- 
ride in concentrated hydrochloric acid a t  80-70" 
during 1.5 hr. These facts might be interpreted to 
mean that in the oxidation of 1,2-diamino-1,2-di- 
methylguanidine the proposed diazo-like compound 
either is not formed at  all or is capable of cyclizing 
immediately under acidic conditions to  the tetrazole 
derivative. On the other hand, this particular inter- 
mediate should be much more stable because of in- 
creased resonance than the one from a 1,l-dialkyl- 
hydrazine. Furthermore, the equilibrium concen- 
tration of the unstable, reactive, unprotonated form 
in acidic solution should be very much less with the 
derivative from the 1,2-diamino-1,2-dimethylguani- 
dine. The existence of the diazo-like intermediate 
from a 1,l-dialkylhydrazine can easily be demon- 
strated spectrophotometrically. However, since the 
region in which both the proposed intermediate and 
the 1,4-dimethyl-5-iminotetrazole should absorb is 
opaque in the acidic oxidation medium, it is not pos- 
sible to resolve this problem unambiguously by the 
spectrophotometric method. 

In  connection with the spectrophotometric 

occurs a t  258 mp (A,  = 1980) in aqueous solutions 
of pH 10 or higher. In  aqueous hydrochloric acid 
solutions with a p1-I of 6 or less the 258 mp peak 
disappears and is replaced by an absorption maxi- 
miirn at  220 m p  (A ,  = 2194). The hydrochloride 
salt in absolute ethanol has an absorption at  221 
mp identical to that in the acidic, aqueous solution. 
Previous ~ v o r k e r s ~ ~ ~  overlooked this effect of pH and 
described only a single absorption maximum; con- 
sequently the reported molar absorbancy indices 
are probably in error since the particular solutions 
examined would contain an appreciable concentra- 
tion of each of the two absorbing forms. For ex- 
ample, the molar absorbancy index reported by 
Murphy and Picard4 for l,kdimethyl-5-imino- 
tetrazole in 95% ethanol (A,w = 1750 a t  260 mp) is 
probably low since no allowance has been made for 
the following equilibrium: 

C H I  
I 

CH, 
I 

Only at  high pH's (above 10) where the equilibrium 
lies predominantly on the left, will the absorption 
spectrum be almost exclusively that due to the free 
imino form. Although the conclusion of Murphy 
and Picard that the amino- and imino- forms of sub- 
situted 5-aminotetrazoles can be distinguished by 
the differences in their absorption maxima is cor- 
rect, in acidic solution 1,4-dimethyl-5-iminotetra- 
zole is distinguished from the other 5-aminotetra- 
zole derivatives only by the intensity of absorption 
and not by the peak displacement, as these authors 
suggest. 

1,l-Dialkylhydrazines can be oxidized directly to 
tetrazenes by iodine1v6 in neutral or slightly basic 
solution. However, the oxidation of 1 ,a-diamino- 
1,2-dimethylguanidine in a solution of sodium bi- 
carbonate with iodine involves a total electron 
change of about eight rather than the desired four, 
Considerable gas is evolved with this reaction in 
contrast to essentially no gas liberated during the 
oxidation with iodate or bromate in acid solution; 
and no tetrazole derivative can be recovered. This 
result appears to be independent of the order of 
addition. 

The 1,2-diamino-l,2-dimethylguanidine used in 
the oxidation experiments was prepared by the fol- 
lowing reaction sequence: 

CHnNHNHi 
NHZNCSNHn + CHaI + NH2NC(SCH3)?iH*HI - --+ NHnNC(NH)NNH2*HI 

AH3 CH3 I AH3 AH, 
studies, it was noted that the ultraviolet absorption 
spectrum of 1,4-dimethyl-5-iminotetrazole was de- 
pendent On pH* A sing1e absorption 

The corresponding dibenzal derivative can be 
made by a two-step methylation of dibenzaldiami- 
(4) D. B. Murphy and J. P. Picard, J .  Org. Chem., 19,1807 

1954). 
(5)  Rowe and Audrieth, J .  Am. Chem. Soc., 78, 563 

(1956). 
(3) K. Hattori, E. Lieber, and J. P. Horwitz, J .  Am. Chem. 

Soc , 78, 411 (1956). 
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noguanidine in a process analogous t,o that used for 
synthesizing hc?iizal I-amino-1 -niethSlguai~idillillln 
iodide? 

cipitated solid was removed by filtration, washed several 
t,imes with pentane, dried, a.nd weighed. The yield wa,s 
0.40 g. (34.77,), m.p. 198402"; a mixed melting point with 

CeHsCH=NXHC(XH)K BK=CHC6Hj -+ CHJ --+ CsHsCH=NKC( NH)NHN=CHCeHj.HI 
I 

CIfSI CH, 
C:6llj(lf€-~~YC(~IljSS=CHCsIlj,HI +- 1:iw Base 

CH, CHI 

Since the second methylation appears to be con- 
siderably more difficult than the first, and since sep- 
aration of unreacted dibenzal 1,2-diamino-l-meth- 
ylguanidine from the product is also difficult, this 
method does not readily or conveniently yield a pure 
compound. 

Attempts to form 1,2-diamino-l,2-dimethylguani- 
dine by the reaction of methylhydrazine and guani- 
dinium nitrate in refluxing aqueous solution led only 
to  low yields of 1-amino-1-inethylguanidine; under 
similar conditions the hgdrazinolysis of guanidin- 
ium nitrate readily gives triaminoguanidinium ni- 
trate.' Similarly, methylhydrazine and amino- 
guanidiniuni nitrate reacted very slowly to give 
small yields of 1,2-diamino-l-rnethylguanidine, iso- 
lated as the picrate of the dibenzal hydrazone. The 
latter compound was identical with the monomethyl 
derivative obtained from dibenzaldiaminoguani- 
dine. 

The syntheses of several other methylated 
amino- and diaminoguanidine derivatives are de- 
scribed in the experimental part. Reaction of di- 
methylamine and S-methylisothiocarbohydrazide 
hydroiodide in an effort to prepare 1,2-diamino-3,3- 
dimethylguanidinium iodide yielded triaminoguani- 
dinium iodide as the most easily recoverable prod- 
uct. A similar result was noted when methylhy- 
drazine and S-methylisothiocarbohydrazide hydro- 
iodide were reacted in ethanol. 

EXPERIMESTAL~ 

Oxidation of i,d-diamino-i,2-dimethylguanidine in acid 
solution. 1,2-Diamino-1,2-dimethylguanidinium nitrate 
(0.8676 g., 0.00482 mole) was dissolved in 40 ml. of 6N 
hydrochloric acid, cooled to 0-4", and titrated potentiomet- 
rically with a 1.OOON solution of potassium bromate. The 
amount of oxidant used corresponded to 0.01900 equivalent, 
the theoretical requirement was 0.01928 equivalent. The 
resulting solution was neutralized with a solution of sodium 
hydroxide to the phenophthalein end point during which 
time the temperature rose to 15". The solution was diluted 
to 100 ml. The molar absorbancy index, A M ,  for this solu- 
tion a t  2580 was 1727 in units of 1000 cm.2/mol; the pKb 
of the oxidation product, as determined spectrophotomet- 
rically,g was 5.42 a t  25". To 97 ml. of the solution was added 
50 ml. of 95% ethanol. The resulting solution was shaken 
with phenyl isothiocyanate (0.83 g.; 0.0061 mole) and 
allowed to stand overnight a t  room temperature; the pre- 

(6) Finnegan, Henry, and Smith, J .  Am. Chena. Soc., 

(7) G. Pellizzari and A.  Gaiter, Gazz. chim. ital., 44, 11, 

( 8 )  All melting points are uncorrected. 
(9) J. E. DeVries nntl E,  S. Gmtz, J .  Am. Chena. Soc , 

74,2981 (1952). 

72 (1944). 

76,  1008 (1954). 

an authentic sample of the phenylthiourea of 1,4-dimethyl- 
5-iminotetrazole was 205-207'. The melting point after 
recrystallization from absolute ethanol was 207-208". 

When the procedure for the initial oxidation with potas- 
sium bromate was repeated a t  room temperature, the yield 
of the phenylthiourea derivative of 01,4-dimethyl-5-imino- 
tetrazole was 36.7%; the A,M at  2580 A was 1755. 

In  the oxidation at  0" an extraneous peak of low intensity 
which is not accounted for by 1,4-dimethyl-5-iminotetraxole 
was observed a t  277 mp in a reacidified solution. 
1,2-Diamino-1,2-dimethylguanidinium nitrate (0,0686 g. 

or 0.003807 mole) dissolved in 60 ml. of 6.1N hydrochloric 
acid was rapidly titrated with 0.1000N potassium iodate a t  
25" by the potentiometric procedure. The observed titer 
was 15.33 ml. (theory 15.23 ml.); after 24 hr. an additional 
titer of only 0.25 ml. was consumed. 

Oxidation of 1,2-diamino-i ,d-dimethylguanadine wzth iodane 
zn neutral solution. A solution of 1 g. of diaminodimethyl- 
guanidinium nitrate in 50 ml. of water was added during 2 
hr. to 440 ml. of 0.1N iodine in potassium iodide (20 g. per 
1.). Sodium bicarbonate (10 g.) was used to buffer the iodine 
solution. The reaction mixture was stirred vigorously and 
the temperature maintained between 0 and 5'. There was a 
steady evolution of gas. This amount of iodine, which corre- 
sponds to twice the theoretical amount required for the 
desired four electron change, was almost completely reduced. 
The slight excess of iodine was destroyed with sodium sulfite, 
the pH of the solution was adjusted to 9, and 0.5 ml. of 
phenyl isothiocyanate in 100 ml. of 95% ethanol added. No 
thiourea precipitated even after several days at  room tem- 
perature. 

A similar result was observed when the 0.1.V solution of 
iodine was added to a buffered solution of the diaminodi- 
methylguanidinium nitrate a t  0-3'. Twice the expected 
quantity of oxidizing agent was required, much gas was 
evolved, and no phenylthiourea derivative of the 1,4-di- 
methyl-5-iminotetrazole was recovered. 

Ultraviolet absorption data. The ultraviolet absorption 
spectra were determined with a Cary recording spectro- 
photometer, model IlhIS. The pKb for 1,4-dimethy1-5- 
iminotetrazole as determined spectrophotometrically was 
5.43 at 25"; the previously reported value determined po- 
tentiometrically was 5.32.2 

The ultraviolet absorption spectrum of 1,3-dimethyl-5- 
iminotetrazolez is also dependent on the pH of the solution; 
for example in an aqueous solution of the hydrochloride at  
pH 1.8 the absorption maximum occurred a t  256 mp (A,w = 
2487); a t  p H  12.9, 307 mM ( A M  = 1903). For 1,3-dimethyl- 
5-iminotetrazole the pX0 was 2.36 a t  25" versus a previously 
reported value2 of 2.5. 
i,2-Diamino-i,2-dimethylguanidine. Methylhydrazine sul- 

fate (72 g.; 0.5 mole) Tvas dissolved in 100 ml. 01 water and 
neutralized to a bromophenol blue end point with a 50% 
solution of sodium hydroxide. Solid sodium thiocyanate 
(40.5 g.; 0.5 mole) was added and the resulting solution was 
evaporated to a syrup zn vacuo on a steam bath. The syrup 
was extracted three times with 100 ml. portions of boiling 
95% ethanol. The ethanol solution of methylhydrazine thio- 
cyanate was evaporated to dryness in uacuo on a steam bath 
and the residue heated to 150" for 30 min. The reaction mix- 
ture m-as then cooled and 100 ml. of ice water added. The 
precipitated 2-methylthiosemicarbazide was removed by 
filtration; yield, 37.5 g. Concentration of the filtrate to dry- 



ness, reheating the residue to 150" for 30 min. and dilution 
with 50 ml. of water yielded an additional 1.1 g. of product. 
The combined yield of product amounted to 73.570. One 
recrystallization from water gave 37.2 g. of product, 166- 
167.5', which was adequately pure for the subsequent 
reactions. Repeated recrystallizations from acetonitrile or 
from 2-propanol finally gave a material decomposing a t  
174-176" (very dependent on the rate of heating). The re- 
ported10 melting point of 183-186' was never obtained. 

Anal. Calcd. for C2H7N3S: N, 39.96. Found: K, 39.86, 
39.64. 

The benzal thiosemicarbazone after one recrystallization 
€rom ethanol melted a t  172-174"; reported,'O 174". 

The 2-methylthiosemicarbazide (37.2 g.; 0.35 mole) was 
suspended in 150 ml. of absolute ethanol and 60 g. (0.423 
mole) of methyl iodide was added. The suspension was kept 
in a cold water bath for 48 hr., then heated to reflux for 
1 hr. The 2-methylthiosemicarbazide gradually dissolved 
during this time. Removal of the ethanol in wacuo left 88 g. 
of crude 2,s-dimethylisothiosemicarbazide hydroiodide as a 
thick syrup. 

The crude hvdroiodide from the preceding reaction was 
dissolved in 100 ml. of water. To this solution was added 
100 ml. of an aqueous solution containing 0.36 mole of meth- 
plhydrazine. The reaction mixture was allowed to stand 
for 48 hr. and then was heated on a steam bath for 4 hr. 
Methyl mercaptan was evolved copiously. When the solution 
was concentrated in vacuo, 1,2-diamino-1,2-dimethylguani- 
dine hydroiodide (87 g,)  was recovered as a syrup. All of 
the hydroiodide was dissolved in 300 ml. of 607, ethanol, 
acidified with nitric acid, and converted to the nitrate by 
reaction with 60 g. (0.353 mole) of silver nitrate in 100 ml. 
of water. The precipitated silver iodide was removed by fil- 
tration and the filtrate was concentrated to dryness under 
reduced pressure on the steam bath. The residue of 1,2- 
diamino-1,2-dimethylguanidinium nitrate partially solidi- 
fied on standing. Crystallization from 100 ml. of boiling ace- 
tonitrile yielded 16.23 g. (25.87, based on the methylthio- 
semicarbazide or 18y0 over-all) of colorless, coarse crystals, 
m.p. 82-84'. 

Anal. Calcd. for C3H12N603: C, 20.00; H, 6.72; N, 46.65; 
mol. wt., 180.19. Found: C, 19.61, 20.25; H, 6.87, 6.94; 
N, 46.62; mol. wt., 181.1, 179.5. 

The dipicrate melted at  141-142" after recrystallization 
from 95% ethanol. 

Anal. Calcd. for C16HlVN1104; C, 31.31; H,  2.98; PIT, 26.78; 
mol. wt., 575.38. Found: C, 31.92; H, 3.19; S, 27.20; 
mol. wt., 575.1. 

The monobenzal I,2-diamino-i,d-dimethylguanidinium ni- 
trate was obtained as prisms from 2-propanol; m.p. 202- 
203". 

Found: C, 44.81; H, 6.18; N, 31.73. 
The dibenzal i,d-diamino-i,d-dimethylquanidinium nitrate 

crystallizes from 2-propanol-diethyl ether as rosettes of 
fine, white needles; m.p. 128-129'. 

Anal. Calcd. for C17HtON603; C, 57.29; H, 5.66; S, 23.59. 
Found: C, 57.65; H, 6.19; N, 23.54. 

The picrate of the dibenzal derivative melted a t  192- 
193' after recrystallization from ethanol; short needles. 

Anal. Calcd. for C23H22N807: C, 52.87, H, 4.25; N, 21.45. 
Found: C, 52.79; H, 4.97; N, 22.16. 

The free base of the dibenzal hydrazone crystallized from 
cyclohexane as white needles, m.p. 135-136' (still impure). 
ddmixture with a pure sample (m.p. 143-144') of the di- 
benzal dimethyl derivative prepared in the following ex- 
periment was 142'. 

Methylation of dibenzal i,d-diaminoguanidine. Dibenzal 
l,2-diaminoguanidine (67 g.; 0.253 mole) was suspended in 
200 ml. of absolute ethanol and 37 g. (0.26 mole) of methyl 
iodide was added. The mixture was allowed to stand 48 
hr. a t  room temperature, then refluxed for 1 hr. On cooling 

Anal. Calcd. for C10H16N603: C, 44.77; H, 6.01; N, 31.33. 

(10) E. Cattelain, Compt. rend., 209, 799 (1939). 

to 5", 59.8 g. (0.147 mole, 58.170) of yellow-orange dibenzal 
1,2-diamino-l-methylguanidine hydroiodide precipitated; 
m.p. 225-227' after recrystallization from ethanol. 

Anal. Calcd. for CI6Hl8IN5: C, 47.18; H, 4.45; N, 17.20. 
Found: C, 47.43; H, 4.95; 5, 17.17. 

The entire quantity of hydroiodide was suspended in 300 
ml. of 95% ethanol, and converted to the free base by add. 
ing a solution of 6.2 g. of sodium hydroxide in 10 ml. of 
water. The mixture vim heated to boiling and sufficient 
ethanol was added a t  the boiling point t o  dissolve the free 
base. Cooling yielded the light yellow dzbenzal 1,d-diamino- 
I-nzethylguanzdine (26.19 g ; 63.97,), m.p. 137-138' after 
an additional recrystallization from methanol. 

Anal. Calcd. for C16H17NS: C, 68.79; H, 6.14; N, 25.08. 
Found: C, 68.45;H, 6.03;N, 24.76. 

Dibenzal i,d-diamino-i-naethylguanidinium picrate melted 
a t  229-230" after recrystallization from 9570 ethanol. A 
mixed melting point with benzalaminoguanidinium picrate 
was 215-220'. 

Anal. Calcd. for CszH2oN807: C, 51.97; H, 3.97; N, 22.04. 
Found: C, 52.18; H, 4.09; S, 22.12. 

Dibenzal 1,2-diamino-l-methylguanidine (30.6 g., 0.11 
mole) was methylated with 15.6 g. (0.11 mole) of methyl 
iodide in a sealed tube at  100' Por 18 hr. Recrystallization 
from 500 ml. of ethanol yielded 32.7 g. (70.5%) of a yellow- 
orange product melting from 192-197". Another recrystal- 
lization raised the melting point to 209-215' (dec.). 

Anal. Calcd. for C17H201?UTs: N, 16.63. Found: N, 16.86. 
The picrate after two recrystallizations from 95% ethanol 

melted at  191-192' (dec.). A mixed melting point with an 
authentic sample of dibenzal 1,2-diamino-1,2-dimethyl- 
guanidinium picrate, m.p. 192-193' (dec.), was 191.5- 
192.5' (dec.). Thus, one of the products formed by methyl- 
ation is dibenzal 1,2-diamino-1,2-dimethylguanidine. 

The free base was obtained as fine colorless needles by 
treating the hydroiodide in 9570 ethanol xT7ith concentrated 
sodium hydroxide. The melting point after two recrystalliza- 
tions from ligroin was 143-144". 

Anal. Calcd. for C17H19N5: C, 69.95; H, 6.53; K, 23.88. 
Found:C,69.87;H,6.5l;N,23.67. 

Reaction of methylhydrazine and guanidinium nitrate. 
Method A.  A solution consisting of 12.2 g. (0.1 mole) of 
guanidinium nitrate, 9.6 g. (0.2 mole) of methylhydrazine, 
and 150 ml. of viater was refluxed for 6 hr. and then evapo- 
rated to dryness under reduced pressure to remove unreacted 
methylhydraxine. The residue was redissolved in 100 ml. of 
water, acidified with 1 ml. of concentrated nitric acid, 
warmed on the steam bath, and shaken with 10 ml. of 
benzaldehyde. The product, which still contained excess 
benzaldehyde, was removed by filtration after being chilled 
to 5", washed with much cold water, triturated with diethyl 
ether, and dried. The yield amounted to 5.6 g.; m.p. 170- 
200'. Recrystallization from absolute ethanol gave 2.8 g. 
of benzal I-amino-1-methylguanidinium nitrate melting at  
195-196' (dec.); the mother liquor was retained ( A ) .  A 
second recrystallization raised the melting point to 199- 
200' (dec.). 

Anal. Calcd. €or C9HI3N~03: C, 45.18; H, 5.48; N, 29.28. 
Found: C, 45.33; H, 5.64; N, 29.57. 

The purified hydrazone gave a picrate melting a t  215- 
217'; admixture with an authentic sample of benzal l-amino- 
1-methylguanidinium picratell was 217-218'. 

When the mother liquor ( A )  was treated with an excess 
of picric acid, 1.4 g. of the benzal methylaminoguanidinium 
picrate (m.p. 210-213") was recovered, together with some 
guanidinium picrate (m.p. above 300"). No diaminodi- 
methylguanidine was detected in these products. 

Increasing the reaction time to 24 hr. did not change 
significantly the yield of benzal l-amino-l-methylguani- 
dinium nitrate (5.2 g.; m.p. 198-200'). However, from the 
mother liquors a small quantity of a second compound was 

(11) A. H. Greer and G. B. I,. Smith, 6. Am. Chem. Soc., 
72,874 (1950). 
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recovered as a picrate (0.5 g.). SeveraI recrystallizations 
from 95% ethanol gave rosettes of thin, yellow needles, 
202-203 '. Admixture with benzal I-amino-l-methylguani- 
dinium picrate lowered the melting point to about 180'; 
wit#h dibenzal 1,2-diamino-l ,2-dimethylguanidinirrm picrate 

Anal. Calcd. for Cz&zN807: C, 52.87; €I, 4.25; N, 21.45. 
Found:C, 53.33;H,4.44;N,21.21,21.96. 

Method B. Methylhydrazine sulfate (43.2 g.; 0.3 mole) 
and 11.5 g. of guanidine nitrate (0.094 mole) a-ere dissolved 
in an ice cold solution of 24 g. of sodium hydroxide (0.6 
mole) in 125 ml. of water. This solution was refluxed for 
13.5 hr.; ammonia was evolved steadily. After the solution 
had been evaporated to dryness on the steam bath, the re- 
maining solid was extracted successively with the following 
portions of boiling 80% ethanol: 100 ml., 50 ml., 50 ml., and 
25 ml. The weight of alcohol insoluble residues was 41.5 g. 
The combined extracts were chilled overnight a t  0" t,o yield 
0.Fj5 g. of impure 1-amino-1-methylguanidine snlfate (4.2%). 
This rna,terial was characterized by conversion to the picrate 
xvhich melted a t  230-231' (dec.) after recrystallization from 
8075 ethanol; a mixed melting point with an authentic 
sample of 1-amino-1-methylguanidine picrate was the same. 

One half of the alcoholic mother liquors mm diluted to 
125 ml. with 95% ethanol, heated t,o boiling, and treated 
rrith a hot solution of 11 g. of picric acid in 100 ml. of 95% 
ethanol, An orange microcrystalline salt began to 8eparat.e 
almost immediately and was removed by filtration when the 
temperature of the solution reached 40"; this material 
(1.7 g . )  proved to be guanidine picrate. Further cooling of 
the filtrate to room temperature yielded 9.0 g. of material, 
m.p. 165-170" ; the filtrate was retained. Fractional crys- 
tallizat,ion of the 9.0 g. of solid from 110 ml. of 95% ethanol 
gave 5.3 g. of methylhydrazine picrate, m.p. 166°C (dec.), 
and I .2 g. (8.0% on total basis) of l-amino-l-methylguani- 
dine picrate, m.p. 229-231' (dec.). When the original filtrate 
was cooled a t  0" for 3 weeks, 0.8 g. more of guanidine picrate 
was recovered. After the guanidine picrate was removed 
the filtrate was evaporated to 30 mI. and cooled; there was 
obtained 1.8 g. of material melting a t  173-176' (dec.). Re- 
crystallization from 65 ml. of 95'33 ethanol gave 0,6 g. (4%) 
of 1-(methylamino)guanidine picrat'e, m.p. 182-184' (dec.), 
A mixed melting point with an authentic sample of 1-(meth- 
y1amino)guanidine picrate6 was the same; x-ray powder 
diagrams were also identkal. Limited attempts to obtain 
other pure inaterials from tho mother liquors were not 
successful. 

The other half of Lhe original alcoholic extraction liquors 
was diluted to 125 ml. with 95% ethanol, heated to boiling, 
and treated successively with 16 ml. of benzaldehyde and 
11.0 g. of picric acid in 100 ml. of hot ethanol. Upon cooling 
the solution to room temperature Auffy rosettes of yellow 
needles crystallized. This material was removed and dried; 
yield 2.6 g. (13.6% on total basis); m.p. 216-217'; a mixed 
melting point with an authentic sample of benzal l-amino- 
I-methylguanidine picrate was 217-218" (dec.). Cooling 
the mother liquors a t  0' for several days gave 9.9 g. of amor- 
phous solid, m.p. 120-130O; the remaining filtrate v a s  dis- 
carded. Frmtionai crystallization froni 200 ml. of 95% 
ethanol gave 2.0 g. of guanidine picrate, 0.1 g. of benzal 
1-amino-1-methylguanidine picrate, and the balance essen- 
tially monobenzal niethylhydraxine picrate. The latter was 
obtained as orange Drisma, m.y. 137.5-138.5" when recrys- 

to 1 60-170'. 

, -  

tallized from ethaioi. 
Ann/. Chlcd. for CidHlJT,O,: C. 46.28: H, 3.61; N ,  19.28. , .  .. .. . 

Found:-C> 46.42; If, 3.76; N, ls.36: 
Reaction of ~iaethyZh,ydra2ine and aminoguanidine. Amino- 

guariidinium chloride (11.0 g; 0.1 mole), 4.8 g, (0.1 mole) of 
methylhydrazine, and 150 ml. of water were heated under 
reflux for 16 hr. Ammonia was evolved slowly. Concen- 
trated hydrochloric acid was then added until the pH was 
5. Benzaldehyde (20 ml.) was added with shaking; a pre- 
cipitate formed immediately and was removed by filtration 
after the solution had been cooled to 5'. The solid hpdra- 

zone was washed severaI times with cold water, then with 
diethyl ether. The yield of dried product was 10.8 g. Solu- 
tion in a minimum volume of hot 95% ethanol and cooling 
gave 1.0 g. (3.2%) of impure dibenzal 1,2-diamino-l-rnet,hyl- 
guanidinium chloride, m.p. 190-205". This salt was con- 
verted to the free base, which recrystallized from 95% &,ha- 
no1 as yellow platcs, m.p. 139-140'; admixture with the 
compound made by monomethylating dibenzaldiamino- 
guanidine did not depress the melting point. 

The ethanolic mother liquors were diluted with 100 ml. 
of ethanol, heated to boiling, and treated with 10 g. ol picric 
acid. Fractional crystallization of the picrates from 95% 
ethanol finally gave about 4.1 g. (8.0%) of impure di- 
benzal 1,2-diamino-l-methylguanidinium picrate, m.p. about 
220". Further recrystallizations raised the melting point to 
224-227 '~ A mixed melting point wit,h benzalaminoguani- 
dinium picmte mas 215-220°, with dibenzal 1,2-diamino-l- 
methylguanidinium picrate made by another method was 
223--226". X-ray powder patterns on the two different 
sa8mples of dibenzal diaminomethylguanidinium picrate 
mere identical. The only other picrate which wa,s recovercd 
in reasonable purity was that from benzalaminoguanidine. 

1 ,b-Diamino-1,S-dimethylguanidine. Twelve grams of 
4-methylthiosemicarbazide (m.p. 138-140') was slurried 
in 200 ml. of absolute ethanol and treated with 16.5 g. of 
methyl iodide. The mixture was allowed to Rtand overnight 
a t  room temperature, then refluxed until complete solution 
was attained, eva,porated to one half its volume under re- 
duced pressure, and mixed with 5.3 g. of methylhydrazinc 
in 40 ml. of ethano!. Methyl mercaptan was evolved slowly 
during several days a t  room temperature; the solution was 
refluxed for 1 hr. to complete the reaction before evapo- 
rating to dryness. The soft residue was recrystallized froni 
2-propanol; 17.5 g.; m.p. ca. 90". This once recrystallized 
product vas freed from some triaminoguariidine hydro- 
iodide (0.5 g.; m.p. 225-230'; x-ray powder pattern same as 
that for ail authentic sample) by warming to 60" with 200 
ml. of 2-propanol and filtering rapidly. The cryst'alline 
hydroiodide obtained by cooling the filtrate wa,s removed 
and recrystallized another time from 2-propanol; m.p. 

Anal. Calcd. for C&INS: C, 14.70; HI 4.94; N, 28.58. 
Found: C,15.12; H, 5.14; N, 28.35. 

The dipicrate after two recrystallizations from 95% 
ethanol and drying a t  105" melted a t  116.5-118'. The salt 
obtained directly from the recrystallization and air dried 
at  room temperature i s  a dihydrate (loss in weight on dry- 

91-92". 

ing: 6.18%.) - 
Anal. Calcd. for CIF,H~,N,IOU (anhydrous): C, 31.31; €1, . . ~ . ,  

2.98; N, 26.78. Found: C, 31.99; H, 3.16; N1'27.il, 26.56. 
The picrate of the dibenzal hydrazone separated as 

rosettes of small, yellow needles after a second recrystalliza- 
tion from ethanol; 1n.p. 171-172' (dec.). 

Anal. Calcd. for C Z ~ B ~ ~ N ~ O , :  C, 52.87; H, 4.25; N, 21.45. 
Found: C, 53.30; H, 4.15; N, 21.38, 21.74. 

1 ,b-Diamino-J-meth~lguanidine. The hydroiodide was ob- 
tained in 65% yield by alloa-ing 5.04 g. of S-methylisothio- 
carbohydrazide hydroiodide12 and 2.5 g. of 25% aqueous 
methylamine in 50 ml. of 9594, ethanol to  stand 1 week a t  
room temperature, then chilling to 5°C. After recrystalliza- 
tion from ethanol the compound decomposed at  238-239". 

Anal. Calcd. for C2HloIN5: C, 10.40, HI 4.36; I, 54.93; N, 
30.31. Found: C, 10.19; R, 4.42; I, 55.31; N, 31.32. 

The &rate was obtained as misms from 95'70 ethanol; 
rn.p.-16?-168'. 

Found: C. 29.20: H. 3.51: N, 34.38, 33.59. 
Anal. Calcd. for C8HI2K807: C, 28.92; 13, 3.64; N, 33.73. 

I-Amino-i ,%,S-trimethylguanidine was formed when meth- 
ylhydrazine (0.1 mole) and 1,3,S-trimethylisothiourea hy- 
droiodide (0.1 mole) in SO ml. of water were heated under 

(12) E. S. Scott and L. F. Audrieth, J. Org. Chem., 19, 
1231 (1954). 
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reflux until the evolution of methyl mercaptan ceased. 
The picrate of the benzal hydrazone melted a t  156-156.5' 

(dec.); orange, flat needles from 95y0 ethanol. 
Anal. Calcd. for C17Hl9N707: C, 47.11; H, 4.42; N, 22.63. 

Found: C, 47.15; H, 4.69; N, 21.50. 

Ack.rzowledgment. We are indebted t o  hlr. E. M. 
B~~~ for mally Of the microaaalyses. 

China Lake, Calif. 
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The action of phenylmagnesium bromide on 1,4-naphthoquinone dibenzimide, followed by the treatment of the hydrolyzed 
Grignard product with zinc dust and acetic and hydrochloric acids establishes a novel synthesis of 1,4-diphenylnaphthalene. 

In Part 11,' Mustafa and Kame1 have shown 
that when 1,2-naphthoquinone-l-bensimide (I) is 
treated with an excess of phenylmagnesium bromide 
followed by hydrolysis, 1 -benzamido-2-hydroxy- 
1,Z-diphenyl-1,Z-dihydronaphthalene (11) is ob- 
tained. Compound 11, on treatment with zinc dust 
and acetic and hydrochloric acids gives 1,2-di- 
phenylnaphthalene (111). 

NCOCeHs 

I 

I1 I11 

We now have investigated the action of phenyl- 
magnesium bromide on a p-quinone dibensimide, 
namely 1,4-naphthoquinone dibenzimide (IV). 
Thus, when the pale yellow IV is treated with 
phen ylmagnesium bromide, followed by hydrolysis, 
a colorless product believed to  be 1,4-dihenzamido- 
1,4-diphenyl-I ,4-dihydronaphthalene (V) is ob- 
tained. 

Compound (V) gives correct analytical values : 
When its solution in glacial acetic acid is treated 
with a mixture of zinc dust and concentrated hy- 
drochloric acid in the presence of a few drops of 
platinum chloride, i t  gives 1,4-diphenylnaphthalene 
(VI) in good yield, together with ammonium chlo- 
ride and benzoic acid,' probably via the inter- 
mediate A. The ready transformation of the inter- 
mediate (A) to  VI may be compared with the ready 
transformation of 9,10-dihydroxy-9-lO-diphenyl- 
9,lO-dihydroanthracene to  9,lO-diphenylanthracene 

(1) A. Mustnfa and 11. Iinmcl, J .  Am. Chen~.  Soc., 77, 
5G30 (1055). 

NCOCsHa 
CeHaCONH 

1. 2CGH,MgBr.+ 
\ 2. hydrolysis + I 1  

I1 1 %a6 NCOCsHs CsHsCONH' 
IV 1' 

Zn /AcOH 

HCI 
___*_ 

A 
C a s  

VI 

by the action of zinc dust and glacial acetic acid.2 
The action of phenylmagnesium bromide on IV, 

followed by the action of Zn/HCl/acetic acid, es- 
tablishes a novel synthesis of lj4-diphenylnaphth* 
lene (VI). The new synthesis of VI may be consid- 
ered as an extension of our previous finding for the 
syrilhesis of 1,2-diarynaphthaleizes, e.g. 11. 

We also haye investigated the action of phenyl- 
rnagiiesium bromide on o-quinone dibeneimides, 
e.g., o-benzoquinone dibenziniide (1'11). When VI1 
is treated with phenylmagnesium bromide, followed 
by hydrolysis, a colorless compound, believed to 
have a structure like VI11 and which is under fur- 
ther investigation, is obtained. 

NCOCeH5 1. C&MgBr, ~ ag-5 
NCOCaHs 2. hydrolysis 

NHCOCeHs 
VI11 

0 
V I I f  

On the other hand, when 4-methyl-o-benzoqui- 

(2) A. Hnller arid A. Guyot, C O V L ~ J ~ .  rend., 138, 1251 (1'304). 


