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2-Methylthio-2-imidazoline Hydrochloride.—A mixture of 
209.5 g. (2.05 moles) of ethylenethiourea, 120 ml. (2.36 moles) 
of methyl chloride, and 250 ml. of methanol was heated in a 
stainless steel bomb at 100° for 3 hr. The reaction mixture was 
filtered to obtain 196 g. of material melting at 166-169°. The 
filtrate was diluted with ether to obtain an additional 92.5 g. 
of product, m.p. 161-166°. Total yield was 288.5 g. (92%). 

Anal. Calcd. for C4H9C1X2S: C, 31.47; H, 5.94; X, 18.35. 
Found: C, 31.29; H, 6.05; N, 18.11. 

Preparation of Guanidines.—The following are generalized 
procedures. 

Method A.4—Equimolar amounts of the amine and 2-methyl-2-
thiopseudourea sulfate in water, or the amine and 2-methyl-2-
thiopseudourea hydriodide13 in ethanol, were heated under re­
flux for 2 hr. or allowed to stand at room temperature overnight. 
In most cases one equivalent of acid was added; the solution 
was stripped, and the solid was recrystallized from an appropri­
ate solvent. 

Method B.—Equimolar amounts of the amine and cyanamide 
in water were heated under reflux for b hr. Acid was added 
and the solution was worked up in the manner described for 
method A. 

Method C.—The method is essentially that of Raiford and 
Daddow.14 When the reaction was run in benzene, however, it 
was heated under reflux for 30 hr. If the amine was low boiling, 
the reaction was carried out in a bomb and an excess of the amine 
was used as the solvent. 

(13) A. Lespagnol, E. Cuingnet, and M. Debaert, Bull. Soc. Ckim. France, 
387 (1960). 

(14) L. C. Raiford and W. T. Daddow, J. Am. Chem. Soc, 53, 1.552 
(1931). 

Method D.—The procedure was based on the one described by 
Scott, O'Donovan, and Reilly,16 using ethanol as the solvent. 

l-[2-(2-Piperidyl)-ethyI]guanidine Sulfate.—A solution of 
20.4 g. (0.078 mole) of l-[2-(2-pyridyl)-ethyl)-guanidine sulfate 
(Table I I I , 32) in 150 ml. of water was hydrogenated over 5 % 
rhodium on alumina at 2.8 kg./cm.2 Uptake was complete in 3 
hr. The catalyst was removed and the solution was taken to 
dryness. The residue was recrystallized from aqueous ethanol 
to give 20.7 g. (88%) of white, crystalline solid (Table III , 33). 
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Investigation of different methods leading to the synthesis of alkylglyoxals was conducted. The method used 
in the preparation of ethylglyoxal via 2-butyne-l,4-diol is of only limited applicability. The reaction of Grignard 
reagents with dialkoxyacetylpiperidine provides the most convenient route to alkylglyoxals. The procedure 
utilizing ethyl diethoxyacetoacetate gives substituted glyoxals in relatively good yield. Use of dichloromethyl 
alkyl ketones as precursors is limited because of the poor yields of the dichloroketones. The preparation of all 
the theoretically possible methylated aminoguanidines bearing a free N-amino group has been studied. Con­
densation of these substituted aminoguanidines with methylglyoxal, together with the condensation of amino-
guanidine with alkyl glyoxals, furnish all the necessary compounds for the phase I (homologs) study in the 
methylglyoxal bis(guanylhydrazone) series. 

A recent report indicated that methylglyoxal bis-
(guanylhydrazone)l (I), prepared by Freedlander and 
French,3 produced the first significant remissions in 

C H 3 — C = X X H C ( = N H ) X H 2 

I I 
H C = N X H C ( = X H ) X H 2 

adult acute myelocytic leukemia.4 This drug, how­
ever, is quite toxic.6 These facts necessitated a system­
atic synthesis and investigation of compounds related 
to I in an attempt to prepare derivatives with better 

(1) The "Chemical Abstracts" name for this compound is l,l '-[(methyl)-
ethanediylidenedinitrilo]diguanidine. 

(2) This investigation was supported by the Cancer Chemotherapy Na­
tional Service Center, National Cancer Institute of the National Institutes 
of Health, Public Health Service Contract SA-43-ph-3025. 

(3) B. L. Freedlander and F. A. French, Cancer Research, 18, 360 (1958). 
(4) F. Freireich and E. Frei, III , Proc. Am. Assoc. Cancer Res., 3, 319 

(1962). 
(5) (a) W. Regelson, O. Selawry, and J. F. Holland, Proc. Am. Assoc. 

Cancer Res., S, 352 (1962); (b) M. E. Tidball and D. P. Rail, ibid., 3, 367 
(1962). 

therapeutic indices. Studies on the synthesis of various 
compounds related to I have thus been undertaken. 

The synthesis of the homologs of I can be divided 
into two areas: (1) homologs of the methylglyoxal 
moiety, and (2) homologs of the guanylhydrazone 
moiety. 

Area 1—Homologs of the Methylglyoxal Moiety.— 
This area includes compounds in which the hydrogen 
atom(s) of the methyl group in I is (are) replaced by an 
alkyl group (s) 

R1R2R3C—C=NXHC(=XH )XH2 

II. 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 

R i 
R,, 
R,, 
Ri 
R) 
R i 
R i 

HC=NXHC(=NH)XH, 
= CH3; R2, R3 = H 

, R2 — C H 3 ; R3 = H 
1 R2j R-3 = CH3 
= C H ^ C H ^ ; R-2, R3 = H 
= CH3(CH2)3,' R2, R3 = H 
= CH3(CH2)4; R2, R3 = H 
= CH.3(CH2)i4j* Rs? R3 — H 

Although selenium dioxide is an outstanding agent 



284 K. G. PODREBARAC, W. H. XYBERG, I'". A. F R E X C H . AM) C. C. ClIEXG Vol. (> 

for the preparation of 1,2-dicarbonyl intermediates, 
the resulting condensation products would be contami­
nated by traces of selenium which is very toxic and 
difficult to remove. Consequently, for medicinal 
studies, other routes leading to the synthesis of alkyl 
glyoxals have been investigated. 

Reaction of 2-butyne-l,4-diol (IX) and ethylene 
glycol in the presence of mercuric chloride gave ethyl-
glyoxal bis(ethyleneglycolacetal)6 (X). Hydrolysis of 

(>-CH, 
<CH.OH)2 

HOCH"..C=C-CH..()H ^CH.,-CH..-C —*- IT 

O - C H . 

, _l>—CH2 

t i c / 
V(>--CH, 

X 

X in the presence of aminoguanidine sulfate gave ethyl-
glyoxal bis(guanylhydrazone) sulfate. 

A convenient method for the preparation of a-keto-
acetals (XII) was first described by Wohl and Lange.7 

1. K.MgX 
(C2H30)2CHCOXC.-,H,„ > RCOCH(OC2H6)2 

2. HOH 

XI XII 

The method involves the reaction of Grignard reagents 
with dialkoxyacetylpiperidine (XI) . Accordingly, 
2-keto-3-methylbutyraldehyde diethylacetal [XII , R 
= (CH3)2CHf,8 3,3-dimethyl-2-keto-butyraldehyde di­
ethylacetal [XII, R = (CH3)3C],9 and 2-ketooctadec-
ylaldehyde diethylacetal [XII, R = CH3(CH2)i6] were 
prepared by this method. Treatment of each of the 
ketoacetals with aminoguanidine in the presence of 
acid gave the corresponding guanylhydrazone deriva­
tives ( I I I , IV, VI I I ) . 

Another relatively convenient and quite versatile 
method for the synthesis of ketoacetals involves the use 
of ethyl 7-diethoxyacetoacetate (XII I ) prepared from 
dichloroacetic acid by the method of Dakin and 
Dudley.10 The sodium salt of X I I I was treated with 
bromopropane to give the corresponding propyl deriva­
tive (XIV). Base hydrolysis of X I V yielded butyl-

(CH2)2CH3 

(C.HsO)2CHCOCH2COOC2H.-, (C2H50)2CHCOCHCOOC,H5 

XIII XIV 

glyoxal diethylacetal, which reacted readily with 
aminoguanidine sulfate in acid to form the butyl analog 
(V) of I. This method, while being somewhat more 
involved than tha t of Wohl and Lange,7 has the dis­
tinct advantage of not being limited to the preparation 
of only those compounds which require Grignard rea­
gents as intermediates. 

In view of the reported ease of preparat ion of the 
dioxime of ethylglyoxal by the reaction of hydroxyl-
amine and a-dichloromethyl ethyl ketone,11 an anal­
ogous procedure was utilized for the preparation of 

(6) W. Heppe and H. J. Pistor, Ann. Chem., 696, 50 (1955). 
(7) A. Wohl and M. Lange, Ber., 41, 3612 (1908). 
(8) 1[. I). Dakin and H. W. Dudley, J. Biol. Chem.. 18, 29 (1914). 
(9) J. B. Wright, J. Am. Chem. Soc, 77, 4884 (1955). 
(10) H. D. Dakin and H. W. Dudley, J. Chem. Soc., 105, 2453 (1914). 
(11) E. E. Blaise, Compt, rend., 185, 1252 (1012), 

compounds VI and VII . The dichloromethyl alkyl 
ketones in both cases were prepared by a reaction 
similar to tha t described by Bunnet t and Tarbell for 
the preparation of a-chloroketones.1- Utilization of 
dichloroaeetyl chloride (XV) instead of chloroaeetyl 
chloride gave the desired dichloromethyl alkyl ketone 
(XVI, R = C5HU . C6His), which yielded the appropriate 
guanylhydrazone compounds (VI and VII) with amino­
guanidine. 

Ri< 'd 

ClCOCHOlu > RCOCHCb 
XV XVI 

All the primary and secondary substi tuted bis-
(guanylhydrazone) compounds in area 1 possess a 
characteristic ultraviolet absorption maximum at 283 
ni/u at pH 1. Replacement of all hydrogen atoms of 
the CH 3 group by three methyl groups caused a batho-
chromic shift of this maximum to 300 imi. 

Area 2—Homologs of the Guanylhydrazone Moiety. 
—This area includes compounds in which the hydrogen 
atoms in the guanylhydrazone portion are replaced by 
methyl groups. 

Oh- -C-=XX(R,)C(=XR2)XR3R4 

HO==XX( R, )C(=XR2)XR3lt4 

XVII (1-9) 

Theoretically, the arrangement of methyl groups in 
the guanylhydrazone moiety gives rise to nine possible 
homologs. 

tI2XX(R,)C(=XR2)XR3R, 
XVIII 

two wzonosubstituted derivatives: 

XVIII-1. It,, R2, R3 = H; lt4 = CHS 

XVIII-2. It, = CIU It2, It3, R4 = II 

three ^ 'subst i tuted derivatives: 

XVIII-3. It,, R2 = H; R3, It4 = CH3 

XVIII-4. It,, It3 = H; R2, R4 = CH3 

XVIII-5. It2, It., = H; R,, R4 = CH;, 

three ^ ' subs t i tu ted derivatives: 

XVIII-0. It, = H: R2, R3, R4 = CH:i 

XVIII-7. R2 = II: It,, Its, R4 = CH„ 
XVIII-8. It, = H; It,, R2, It, = CH3 

and one /drasubst i tuted derivative: 

XVI1I-9. It,, R2. R3, R4 = CH3 

In addition, a closely related teirasubstituted com­
pound H 3 N N = C [ N ( C H 8 ) 8 1 2 (XIX) should also be in­
cluded in this area. 

Compounds X V I I I - 1 1 3 and XVI I I -3 were prepared 
by treating S-methylthiosemicarbazide14 (XX) with 
methylamine and dimethylamine, respectively. Com­
pound XVIII-2 1 S was prepared by the reaction of 
methylhydrazine with S-methylisothiourea (XXI) . 

CH3s;C(=XRi)XR2R., 
XX, It,, lt> - H; R3 = XH. 

XXI, R,, R», R3 = H 
XXII. R,, lt2 = H; R3 = CH3 

XXIII, R,, It2 = CH3; R3 = H 
XXIV, R, = II; R2, R3 = CH3 

XXV, It,, R,. It., = CII3 

(12) J. F. Bunnett and I). S. Tarbell. ./. Am. Chem. Soc, 67, 1944 (1945), 
(13) G. W. Kirstenand G. B. L. Smith, i6,'d.,B8, 800 (1936) 
(14) M. Freund and T. Paradies, Ber., 34, 3114 (1901). 
(15) G. H. Green and G. B. L. Smith. ./. Am. Chem. Soc, 72, 874 (1050). 
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TABLE I 

PBELIMINAHY TESTING RESULTS OF AREA 1 COMPOUNDS 

R I R 2 R 3 C — C = N — N H — C ( = N H ) N H 2 

Ri 

CHa 

CHa 
CH3 

CH:,(CH2)2 

CHa(CH2)3 

CH3(CH2)4 

CH3(CH2)14 

Ri 

H 

CHa 
CH3 

H 

H 

H 

H 

R 3 

H 

H 
CH3 

H 

H 

H 

H 

Tumor 
system 

LE-
DL6 

SAC 

CAd 

KB" 

LE 
LE 
LE 
KB 
LE 
KB 
LE 
K B 
LE 

H C = N — N H -
Dose 
(IP) 

(mg./kg./ 
day) 

60.0 
12.5 
12.5 
12.5 

30.0 
15.0 
30.0 

15.0 

60.0 

60.0 

- C ( = X 

Survivors 

5/6 
6/6 
6/6 

10/10 

6/6 
6/6 
6/6 

6/6 

4/6 

6/6 

H)NH 2 

Wt. 
diff. 

- 1 . 5 
0.0 

- 1 . 7 
- 0 . 2 

- 0 . 5 
- 0 . 5 
- 0 . 3 

- 2 . 5 

- 1 . 2 

0.1 

T / C 

<%) 
110 
100 
76 

135 

105 
105 
103 

98 

109 

110 

Slope 

- 0 . 2 0 
- 0 . 9 6 

- 0 . 6 5 

- 0 . 5 4 

- 0 . 5 6 

E D M 

1.0 X 1 
2 . 2 X 1 
3.0 X 10 

1.8 X 10 

1.3 X 10 

6.6 X 1 

° LE = Lymphoid leukemia 1210. 
KB = Tissue culture (cell line). 

DL = Dunning leukemia (solid). c SA = Sarcoma 180. d CA = Adenocarcinoma 755. 

Methylhydrazine converted N,S-dimethylthiourea 
(XXII) into XVIII-5. A common intermediate for 
XVIII-41617 and XVIII-8, N,N'-S-trimethyliso-
thiourea (XXIII), was prepared from methyl isothio-
cyanate.18 Treatment of XXXIII with hydrazine 
and methylhydrazine yielded the desired products. 

X,N-Dimethylthiourea,19'20 prepared by a method 
analogous to the preparation of N,N-dimethylselen-
ourea21 by using hydrogen sulfide rather than hydrogen 
selenide, was methylated readily to yield N,N,S-tri-
methylisothiourea hydroiodide (XXIV). Methylhy­
drazine then converted XXIV to XVIII-7. 

Treatment of N,N,N',S-tetramethylisothiouronium 
iodide22 (XXV) with hydrazine and methylhydrazine 
gave XVIII-617 and XVIII-9, respectively. 

Condensation of these substituted aminoguanidines 
with methylglyoxal gave the desired compounds (XVII, 
1-9) in this area. Many of these compounds and their 
intermediates are very hygroscopic, and they tend to 
form hydrates or alcoholates with the environmental 
solvents. Hence, some of the products were extremely 
difficult to purify. 

The preparation of compound XIX was first investi­
gated via the reduction of N,N,N',X'-tetramethyl-X"-
nitroguanidine (XXVII); the latter was prepared from 
the nitration of X,X,X',X'-tetramethylguanidine.20 

Z=C[N(CH, ) ] 

XXVI. Z = X H 
XXVII . Z = X X 0 2 

XXVII I . Z = S 

C H 3 S C = X + ( C H 3 ) 2 - P 
I 

X(CH3)2 

X X I X 

(16) R. A. Henry and G. B. L. Smith, J. Am. Chem. Soc, 73, 1858 (1951). 
(17) D. B. Murphy and J. P. Picard, J. Org. Chem., 19, 1807 (1954). 
(18) M. Schenck, Arch. Pharm., 249, 478 (1911). 
(19) Reported by O. Wallach, Ber., 32, 1872 (1899), without preparative 

details. 
(20) M. Schenck and F. v. Graevenitz, Z. physiol. Chem., 141, 132 (1924). 
(21) F. Bennett and R. Zingaro, Org. Syn., 36, 23 (1956). 
(22) A Reference. L. C. Anderson and N. V. Seeger, J. Am. Chem. Soc, 71, 

340 (1949), was cited in ref. 17. A careful examination of both papers, 
however, failed to reveal the description of this compound. 

Various attempted reductions of XXVII, however, 
failed to yield any identifiable products. 

Methylation of X,X,X',N'-tetramethylthiourea 
(XXVIII)23 readily gave N,X,X',N',S-pentamethyl-
isothiouronium iodide (XXIX),24 which was treated 
with hydrazine to yield compound XIX. The desired 
condensation product XXX was obtained from XIX 
and methylglyoxal. 

CH. ,C=XN=C[N(CH 3 )»] 2 

HC= =NX=C[X(CH 3 ) 2 

X X X 

Preliminary biological evaluations26 of these com­
pounds have revealed that compound II in tissue 
culture studies has an ED50 (the dose that causes a 50% 
inhibition of growth) of 2.2 yug./ml. (slope: —0.20).26 

(See Tables I and II.) 

Experimental27 

l,l '-(Ethylethanediylidenedinitrilo)diguanidine Sulfate (II).— 
To a suspension of 50.0 g. (0.36 mole) of aminoguanidine bicar­
bonate in 80 ml. of water was added dropwise 19.6 g. (0.20 mole) 
of sulfuric acid (prediluted as a 50% aqueous solution). The 
resulting mixture was warmed on the steam bath for 30 min. and 
filtered into a 250-ml. erlenmeyer flask equipped with a reflux 
condenser. Ethylglyoxal diethyleneglycolacetal,6 31.3 g. (0.18 
mole), was added and the resultant two phase system was refluxed 
with stirring. After 3 hr., a considerable amount of white solid 
had formed. Refluxing then was discontinued and the reaction 
mixture stirred at room temperature for 2 days. The solid was 
filtered and washed successively with small amounts of warm 
water, absolute ethanol and dry ether. The product was dried 

(23) 0 . Billeter, Ber., 43, 1857 (1910). 
(24) H. Lecher and C. Heuck, Ann., 438, 169 (1924). 
(25) Testing work was carried out by Contract Screeners of CCNSC. 
(26) The slope as given is the difference in response for a one-log difference 

in dose, the response being the ratio of the growth of the test sample to that 
of the untreated control. 

(27) All melting points (corrected) were taken on a Thomas-Hoover melt­
ing point apparatus. The ultraviolet absorption spectra were determined 
with a Beckman DK-2, and the infrared spectra were taken with a Perkin-
Elmer Infracord, 
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vn,v 

TABI.K 

.TIXG Hi;si i 

/XX'R, )C 
i i IK A HI-: .\ 2 ( ' 

NR...)NK,lt. 

K4 

CH, 

(Ml. 

CH, H 

CH, 

II 

CH3 

CH;; 

H CH, CH3 CH3 

" \VA = Walker 256 (subcutaneous). 

Tumo 
systen 

LK 
SA 
CA 
KB 

LK 
SA 
CA 
KB 

LK 
SA 
CA 
KB 

LK 
\VA" 
LK 

HC \ X ( K , ) C ' XK,)XI!:i: 

111'! 
,r imH. 'ka. 

240 
101) 
50 

9(H) 
200 
100 

700 
100 
100 

120 
100 
MO 

overnight at room temperature in vacuo then an overnight expo­
sure to air to vield 50.0 g. (88.5%) m.p. 243-244° dec.; \;;",' 
283 inM (<= 44,900); \'^J 284 niu (e 34,900). 

Anal. Calcd. for C H „ X Y H,S(),- H,(): (', 22.9; H, 5.77: 
X, 35.0. Found: C, 23.0; H, 5.98; X, 35.5. 

2-Keto-3-methylbutyraldehyde Diethylacetal.—To a stirred, 
cooled (5°) solution of isopropylmagnesium bromide, prepared 
from 01.5 g. (0.50 mole) of isopropyl bromide and 12.2 g. (0.50 
mole) of magnesium, was added 54.0 g. (0.25 mole) of diethoxy-
acetylpiperidine.7 As the stirred reaction mixture slowly warmed 
up, the gum which had formed initially gradually gave way to a 
white solid. The reaction mixture was refluxed and stirred for 
3 hr. followed by overnight stirring at room temperature. The 
reaction mixture was then treated with a coned, solution of 
ammonium chloride, maintaining the temperature at about 20°. 
The ethereal layer was decanted and the aqueous phase was ex­
tracted with ether. The combined ethereal solution was dried 
over anhydrous sodium sulfate. The ether was removed under 
reduced pressure and the residue fractionated. The main frac­
tion was collected at 69-72° (8-9 mm.) [lit.8 b.p. 75-77° (10-12 
mm.)], n26» 1.4085. The vield of the colorless liquid was 30.(5 g. 
(70';;). 

Anal. Calcd. for C,H l 803 : C. 62.0; H, 10.4. Found: C, 
61.4; II, 10.4. 

2-Ketooctadecylaldehyde Diethylacetal was prepared in a man­
ner similar to that described for the isopropyl compound. The 
reaction mixture was refluxed for 10 hr. Volatile components 
in the. ether phase boiling up to 127° (0.75 mm.) were removed. 
The residue, ca. 50 g., was used as such for the preparation of the 
bis(guanylhydrazone). 

1,1 '-(Isopropylethanediylidenedinitrilo)diguanidine Sulfate 
(III).—To a solution of 0.36 mole of aminoguanidine sulfate in 
100 ml. of water was added 30.6 g. (0.1S mole) of isopropylglyoxal 
diethylacetal in SO ml. of ethanol. The stirred reaction mixture 
was refluxed for 2 hr. and stirred at room temperature for 2 days. 
The white solid which had formed was isolated by filtration, 
washed with water, ethanol, and dry ether. The' product was 
dried at 25° (1 mm.) for 3 hr. to yield 47.5 g. (79%) as the ses-
quihvdrate, m.p. 214-215°, Xf„"x

l "•'" 7 283 mM (e 21,2001 
Anal. Calcd. for C-H16X8-H2SOr 1.5H..O: C, 24.9; H. 6.25: 

X, 33.3. Found: C, 24.8; H, 6.37; X, 33.7. 
l,l-(to/-Butylethanediylidenedinitrilo)diguanidine Sulfate 

(IV ) was prepared in a manner similar to the above procedure, 
from Z-butylglyoxal diethylacetal.9 The reaction afforded 31.1 
g. (70 ' ) ) of product as its monohvdrate, m.p, 214-215°; X"",1 

300 mlU (> 11,300): K"J 305 niM U 11.300); A!;"," 318 mM (<= 
16,750). 

A mil. Calcd. for CSH1SXY H2S<),- H2(): C, 28.0: II, 6.4S; 
X, 32.7. Found: C, 27.7; H, 6.66; X, 32.5. 

1,1 '-(Cetylethanediylidenedinitrilo)diguanidine Sulfate (VIII; 
was similarly prepared from 2-ketooctadecylaldehyde diethyl-

nirvn'iii'.s 

6/6 
6/6 

10 '10 

6/6 
6/6 
6/6 

6/6 
6 /6 
6 '6 

( I / O 

6/6 
6/6 

- 0 . 0 

0.6 

0 (i 

0 0 
2 0 

1 10 
10! 
100 

113 

1 12 
93 
50 

12.S 
100 

-0.50 

- O . o o 

•1 .02 

3 X 10 

1.0 X 10 

2.S X 10 

with decomposi-

45.5; II. 9.16; 

acetal. The waxv product melted at 241-243° 
Hon; X!;"x'

 T 283 mM (e 26.400)). 
Anal. Calcd. for CV.Hj.NYHjSCViHoO: C. 

X',21.2. Found: C, 45.5: H, 9.16; X', 21.2. 
Ethyl 7-Diethoxyacetoacetate1<J (XIII1.—This compound wn< 

prepared from ethyl diethoxyacetate2* and ethyl acetate according 
to the procedure of Johnson and Mikeska.29 The yield of (he 
colorless liquid was 59 r , ' : b.p. 103-106° (3.1-3.4 mm.;; //25i> 
1.4250. 

Ethyl 7-Diethoxy-a-propylacetoacetate (XIV).—To 43.(i g. 
(0.20 mole) of XI I I in 150 ml. of dry ether was added portionwisc 
4.6 g. (0.20 g.-atom) of sodium. After the vigorous reaction 
had subsided and all the sodium had reacted, 24.6 g. (0.20 mole) 
of bromopropane was added and the resulting solution stirred at 
room temperature overnight. The reaction mixture then was 
refluxed for 3 hr. and cooled. To the reaction mixture there was 
then added 200 ml. of absolute ethanol and 5 g. of potassium 
iodide. After the ether was removed by distillation, the mixture 
was refluxed for 1 day. at which time an appreciable quantity of 
solid had separated and the pH of the reaction mixture was about 
7. The ethanol was evaporated in vacuo and the residue taken up 
with water and extracted several times with ether. The com­
bined ethereal extracts were dried over anhydrous sodium sulfate 
and evaporated. Fractional distillation of the residue gave 38.0 
g. (73'.;, vield) of XIV. b.p. 80-83° (0.23 mm.). n26o 1.4270. 

Anal.' Calcd. for Cl3rF:(>.-,: C, 60.0: H, 9.29. Found: C. 
60.3; H, 9.13. 

l,r-(Butylethanediylidenedinitrilo)diguanidine (V).—To a so­
lution of 38.0 g. (0.14 mole' of XIV in 80 ml. of methanol wa« 
added 9 g. of potassium hvdroxide in 80 ml. of water. The re­
sulting mixture was refluxed for 2 hr., cooled, and extracted with 
ether. The ethereal extract was dried and evaporated and the 
residual liquid distilled fractionally to yield 11.6 g. (42'/;.) of 2-
ketocaproic aldehyde diethylacetal, b.p. 86-89° (8 mm. : 
n-•'[") = 1.4150. This ketoacetal was treated with aminoguanidine 
sulfate in the usual manner to give a 76% yield of V, m.p. 261 ° 
d e c . A','",' 283 mM (e 39.SO0V, A!'"/ 284 mM (e 34,0001; \;;!\" 
328 mM(« 31.900). 

Anal. Calcd. for CJI,SX% H,.S()4-H20: C, 28.0; H, 
X,32.7. Found: C, 2s .1: 11,6.39; X, 32.8. 

l,l-Dichloro-2-heptanone (XVI, R = CH, , ) ,—To a 
stirred amyl Grignard reagent, prepared from 151 g. (.1 mole of 
amyl bromide and 24.3 g. (1 g.-atom) of magnesium, was added 
97.1 g. (0.53 mole) of anhydrous cadmium chloride. The reac­
tion mixture was refluxed for 45 min. and the ether was removed 
by distillation. Approximately 100 ml. of benzene was added 
and the distillation was continued for a short time longer t > 
ensure the complete removal of ether. About 600 ml. of benzene 

0.4.V 

> l d . 

(281 R. B. Mofl'ptt, On). Sun-. 35 , Mi (1959). 
|2H) T. B. J o h n s o n unci L. A. Mikeska , J. Am. Che . 4 1 , 810 (li)]!)). 
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was added and the reaction mixture cooled to 3°. Dichloroacetyl 
chloride, 147 g. (1 mole), in 50 ml. of benzene then was added 
slowly (5 min.). The temperature of the reaction mixture 
began to rise quickly to ca. 50°. After cooling to room tempera­
ture the reaction mixture was stirred overnight, then hydrolvzed 
with ice and dilute sulfuric acid. The benzene layer was sep­
arated and the aqueous portion extracted with benzene. The 
combined benzene phase was washed successively with water, 
sodium bicarbonate solution, and water, then filtered through 
anhydrous sodium sulfate. Evaporation of benzene and frac­
tionation of the residual liquid gave l,l-dichloro-2-heptanone in 
72.6 g. (40%) yield, b.p. 85-92° (15 mm.), n24D 1.4515. 

Anal. Calcd. for C7H12C1»0: C, 46.0; H, 6.61. Found: C, 
46.6; H, 6.76. 

l,l'-(Amylethanediylidenedinitrilo)diguanidine (VI).—Freshly 
prepared l,l-dichloro-2-heptanone, 21.0 g. (0.11 mole), in 20 ml. 
of ethanol was warmed with 0.22 mole of aminoguanidine sulfate 
in 40 ml. of water on a steam bath for 30 min. The reaction 
mixture was then stirred overnight at room temperature and the 
solid product was filtered and washed successively with water, 
ethanol, and ether. The yield of VI was 21.0 g. (54%), m.p. 
266° d e c ; X^,1 283 mM {t 38,100); \'*J 283 m/u (e 35,240). 

Anal. Calcd. for C H 2 0 N Y H 2 S 0 4 ' H , 0 : C, 30.3; H, 6.79; 
X, 31.4. Found: C, 30.3; H, 6.54; X, 31.2. 

l,l'-(Hexylethanediylidenedinitrilo)diguanidine Sulfate (VII) 
was prepared in a manner similar to VI from l,l-diehloro-2-
octanone (prepared in 43% yield from hexylmagnesium bromide, 
cadmium chloride and dichloroacetyl chloride, b.p. 115-122° 
(21 mm.), re26D 1.4540) in 65%, vield", m.p. 260° d e c ; X ^ 1 283 
m/i(e 40,000); Xp

n,
H„7 284 rmi (* 35,150); X'J,,11 328 m/i (<• 32,550). 

Anal. Calcd. for CioH22XYH2S04-H20: C, 32.4; H, 7.07; 
X, 30.3. Found: C, 32.6; H, 7.06; N, 30.3. 

l,l'-(Methylethanediylidenedinitrilo)-bis(3-methyl)guanidine 
Sulfate (XVII-1).—To a solution of 20.0 g. (0.15 mole) of 3-
amino-1-methyl-guanidine sulfate13 in 100 ml. of water was added 
with stirring 13.2 g. of a 43.2% solution of methylglyoxal. The 
mixture was stirred for 24 hr. The white solid which formed was 
filtered, then washed successively with water, ethanol, and ether. 
The product was dried at 56° (1 mm.) for 3 hr. to yield 22.5 g. 
(94%) of XVII-1, m.p. 246-249° d e c ; X ^ 1 286 im, (e 40,300); 
Xs

m«7 283 m M ( e 37,700). 
Anal. Calcd. for C7H1 6X8-H2S04-H20: C, 25.6; H, 6.14; 

X, 34.1. Found: C, 25.4; H, 6.02; X, 34.3. 
l,l'-(Methylethanediylidenedinitrilo)-bis(l-methyi)guanidine 

Sulfate (XVII-2).—A slurry of 75.0 g. (0.54 mole) of 1-amino-l-
methyl-guanidine sulfate15 in 60 ml. of water was stirred man­
ually while there was added dropwise 46.5 g. (0.27 mole) of a 4 3 % 
solution of methylglyoxal in water. The reaction mixture was 
stirred intermittently for several hours and then left to stand 
overnight. Approximately 100 ml. of cold water was added 
and the remaining solid isolated by filtration. The solid was 
washed well with 50 ml. of cold water, two 50-ml. quantities of 
absolute ethanol, and finally 150 ml. of dry ether (no at tempt 
was made to recover material from the washings). After being 
dried at 25° (1 mm.) for 3 hr. and then exposed to air for several 
days, the product weighed 54.0 g. (52% vield); the solid de­
composes slowlv above 216°; X^,1 270 mM (e 22,200); X ^ 7 

270 m / ^ e 21,000). 
Anal. Calcd. for C,H I6N8-H2S04 '4H20: C, 22.20; H, 6.86; 

X, 29.3. Found: C, 22.3; H, 7.00; N, 29.4. 
l,l-Dimethyl-3-aminoguanidine Sulfate.—This compound was 

made from S-methylthiosemicarbazide and dimethylamine in a 
manner similar to that described for the preparation of 1-methyl-
3-aminoguanidine sulfate.13 The intermediate l,l-dimethyl-3-
aminoguanidine hydroiodide, m.p. 182-185°, was converted to 
the sulfate, m.p. 225.5° dec , by means of silver sulfate. 

l,l'-(Methylethanediylidenedinitrilo)-bis(3,3-dimethyl)guani-
dine Sulfate (XVII-3).—This product was prepared in 68% yield 
from methylglyoxal and l,l-dimethyl-3-aminoguanidine sulfate 
according to the procedure previously described for XVII 1, 
m.p. 232-234° dec. The product was exposed to the atmosphere 
for 12 hr. before being analyzed; X'Z,1 288 mM (e 41,600); X ± 7 

290 m/i(« 29,400). 
Anal. Calcd. for C9H2„X8-H2S04 '3H20: C, 27.5; H, 7.19; N, 

28.6. Found: C, 27.2; H, 6.92; X, 28.7. 
l,l'-(Methylethanediylidenedinitrilo)-bis(2,3-dimethyl)guani-

dine Hydroiodide (XVII-4).—A suspension of 40.0 g. (0.17 mole) 
of 3-amino-l,2-dimethyl-guanidine hydroiodide16 in 200 ml. of 
absolute methyl alcohol and 14.0 g. (0.085 mole) of a 4 3 % aqueous 
solution of methylglyoxal was stirred at room temperature over­

night. The solid then was isolated by filtration and washed with 
cold water, absolute ethanol, and dry ether. After recrystalliza-
tion from methyl alcohol, the product, which was obtained in 64% 
yield (29.5 g.), m.p. 268-269° dec , had x£L' 226 mM (e 33,900) 
and 286 mM (e 33,900); X*m

HJu 338 nui («33,300). 
Anal. Calcd. for C9H20N8-2HI-H2OCH3OH: C, 22.0; 

H, 5.16; X, 20.5; I, 46.5. Found: C, 21.8; H, 5.35; N, 20.5; 
I, 46.8. 

l,3-Dimethyl-3-aminoguanidine Sulfate.—Methylthiourea (2.0 
moles) was treated with dimethyl sulfate (1.0 mole) according to 
the procedure30 used for the preparation of S-methylisothiouron-
ium sulfate. The product, a viscous liquid, was treated with 
methylhydrazine (2.0 moles) in anhydrous methanol at reflux 
temperature until the evolution of methyl mercaptan ceased. 
After evaporation of the solvent, recrystallization of the remain­
ing solid from ethanol and ether gave 120 g. (78% yield) of the 
product, m.p. 194.5° dec. 

Anal. Calcd. for C8H1oX4-72H2SOvH!!0: C, 21.3; H, 7.10. 
Found: C, 21.7; H, 7.38. 

1,1'- (Methylethanediylidenedinitrilo) -bis (1,3-dimethyl) guani-
dine Sulfate (XVII-5).—3-Amino-l,3-dimethylguanidine sulfate, 
22.6 g. (0.15 mole), was suspended in 20 ml. of anhydrous meth­
anol and 11.7 g. (0.075 mole) of a 4 3 % solution of methylglyoxal 
in water was added. The reaction mixture was slowly stirred at 
room temperature for 2 hr. Volatile components of the reaction 
mixture then were evaporated on a flash evaporator. The oil 
remaining was taken up in metrryl alcohol and treated with Xorit. 
Evaporation of the methyl alcohol and three azeotropic distilla­
tions with benzene on the flash evaporator yielded 17.0 g. ( 6 1 % 
yield) of a tan, very hygroscopic solid which melted slowly over 
60° and decomposed at 100°; x S x ' 2 7 9 n ^ ; X°V 296 m/n. 

Anal. Calcd. for C9H20X8-H2SO4-CH3OH-2H2O: C, 29.6; 
H, 7.40; X, 27.5. Found: C, 30.2; H, 7.47; X, 27.2. 

1,1 '-(Methylethanediylidenedinitrilo) -bis(2,3,3-trimethyl)-
guanidine Dihydroiodide (XVII-6).—To a solution of 24.4 g. 
(0.1 mole) of 3-amino-l,l,2-trimethylguanidine iodide17 in 50 
ml. of anhydrous methanol was added 8.4 g. (0.05 mole) 
of a 43%) solution of methylglyoxal in water. The reactants were 
stirred for 16 hr. after which the reaction mixture was concen­
trated. The solid was washed with a minimum amount of ab­
solute ethanol and then dry ether. After drying for 12 hr. at 60° 
the product weighed 23.o" g. (88%c yield), m.p. 212-213° d e c ; 
X ^ 1 292 imi (€ 39.800), 225 rm< (c 34,500). 

Anal Calcd. for CUH2,N8-2HI: C, 25.2; H, 4.96; N, 21.1. 
Found: C, 25.6; H, 5.22; X, 21.0. 

N,N-Dimethylthiourea.—A stream of hydrogen sulfide was 
bubbled through a stirred solution of 111 g. of dimethylcyan-
amide19 in 225 ml. of coned, ammonium hydroxide and 75 ml. 
of water at 20-30° for 4 hr. The reaction mixture was then 
cooled to 5° and the precipitated solid was filtered and air dried 
to give 87 g. (84%, yield) of the product, m.p. 164-167° (re-
crvstallized from ethanol); lit. m.p. 158-159°,19 m.p. 164°.20 

'Anal. Calcd. for C3H8X2S: X, 26.9. Found: X, 26.7. 
N,N,S-Trimethylisothiourea Hydroiodide.—To a suspension of 

21 g. (0.2 mole) of X,X-dimethylthiourea in 200 ml. of methanol 
was added through a condenser, with stirring, 29 g. (0.2 mole) 
of methyl iodide. The suspension gradually became clear during 
the process of the addition but no heat was produced. The reac­
tion mixture was allowed to stir at room temperature overnight 
and heated gradually to reflux (6 hr.). Excess solvent then was 
evaporated and the residue slowly solidified. The crude product 
was recrystallized from a mixture of methanol and ethyl acetate 
to give 45 g. (92% yield) of white rhombic crystals, m.p. 100-101°. 

Anal. Calcd. for C 4H n IX 2S: C, 19.5; H, 4.5; X, 11.4. 
Found: C, 19.8; H, 4.62; X, 11.1. 

l,l'-(MethylethanediyIenedinitrilo)-bis(l,3,3-trimethyl)guani-
dine Sulfate (XVH-7).— A mixture of 33.4 g. (0.13 mole) of N,X,S-
trimethylisothiourea hydroiodide and 6.0 g. (0.13 mole) of methyl­
hydrazine in 200 ml. of absolute ethanol was refluxed until the 
methyl mercaptan odor could no longer be detected (approxi­
mately 3-4 hr.). The solution was cooled in an ice bath and 
29.6 g. of a 58% solution of hydrogen iodide (0.13 mole) was 
added. To the mixture was added 11.7 g. of a 4 3 % aqueous 
solution of methylglyoxal (0.07 mole) and the solution was stirred 
overnight a t room temperature. The reaction mixture was then 
evaporated under reduced pressure and the viscous reddish 
brown oil was taken up in ethanol and excess silver sulfate (0.20 
mole) was added. After 2 hr. with occasional shaking the reac-

(30) P. R. Shildneok and W. Windus "Oiganio Syntheses," Collective 
Vol. II, John Wiley and Sons, New York, 1943, p. 411. 
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tion mixture was filtered and the filtrate treated 3 times with 
charcoal. The amber colored solution then was evaporated 
azeotropically with absolute ethanol to give 3.5 g. of a yellow 
solid. The solid was washed successively with absolute ethanol 
and ether. It was extracted with anhydrous methanol. The 
methanol-soluble fraction was evaporated to yield a vellow solid. 
m.p. 237° dec.: AC",1 290 mM (e 49,000); \;;H„7 290 m,u (e 36,500). 

Anal. Calcd. for CnH24X8-2H,S()r2H,(): C. 20.4; H, (5.40: 
X, 22.4; S, 12.8. Found: C, 26.5; H, 6.41; X, 22.2: S. 12.5. 

l-Amino-l,2,3-trimethylguanidine Hydroiodide.—X,XT'.S-Tri-
methylisothiourea hydroiodide.15 54.7 g. (0.22 mole), was sus­
pended in 100 ml. absolute ethanol. and 11.5 g. (0.25 mole) 
of methylhydrazine in 50 ml. of absolute ethanol was added during 
a. period of 30 min. The reaction mixture was refiu.ved until no 
more methyl mercaptan was evolved (about 25 hr. >. The reac­
tion mixture was concentrated to give a, white gum. The gum 
was triturated with a minimum amount of absolute ethanol to give 
15.1 g. (28<;c yield) of a white solid, m.p. 304-316° dec., which 
was used without purification.31 

l,l'-(Methylethanediylidenedinitrilo)-bis(l,2,3-trimethjT)-
guanidine Sulfate (XVII-8).—To a stirred suspension of 14.5 g. 
(0.06 mole) of 1-amino-1.2,3-trimethylguanidine hydroiodide in 
50 ml. of absolute ethanol was added 5.0 g. of a 43'{- solution of 
methylglyoxal in water. The reaction mixture was stirred at 
room temperature overnight. Silver sulfate, 9.3 g. (0.03 mole i, 
was added to the red solution and the mixture stirred for i hr. 
The reaction mixture was filtered and the red filtrate treated with 
charcoal several times until the red coloration had been removed. 
The solution now was evaporated on a (lash evaporator to yield a 
tan oil. The oil was taken up in absolute ethanol and to this 
was added ethyl acetate until a very small quantity of a solid 
separated. On isolation the product was found to be very 
hygroscopic: AC,",1 ""' T 278 mM u 3.1000); m.p. 293° dec (dark­
ening about 180°). 

Anal. Calcd. for CnH^NVlFsOpC.t t - .OH^riy) : 0, 34. N; 
11,8.05; X. 25.0; S. 7.15. Found: C. 34.6: H. 8,31: X, 25.1; 
S, 7.35. 

N-Amino-N,N',N",N"-tetramethylguanidine Sulfate.—To a 
stirred solution of 52.0 g. (0.20 mole) of X.X.X'.S-tetramethyl-
isothiouronium iodide52 in 150 ml. of water was added 31.1 g. 
(0.10 mole) of silver sulfate with initial cooling. The reaction 
mixture was stirred at room temperature for 2.5 hr. and filtered. 
The filtrate was evaporated under reduced pressure to yield a 
viscous oil, which could not lie induced to solidify under 1 mm. 
of pressure at room temperature for several hours. 

The oil now was suspended in 150 ml. of absolute ethanol and, 
with stirring, 18.4 g. (0.40 mole! of methylhydrazine was added. 
Stirring was continued for IS hr. at room temperature after which 
the solution was concentrated hi vacua. A gray, tacky solid was 
obtained which was used for the next experiment without further 
purification. 

1,1 '-(Methylethanediylidenedinitrilo)bis(l,2,3,3-tetramethyl)-
guanidine (XVII-9).—The product from the preceding reaction 
was added to 250 ml. of anhydrous ethanol and 16.7 g. of 43'( 
(0.1 mole) methylglyoxal was added. The solution was stirred 
at room temperature for 3 hr. during which time it turned pro­
gressively dark red. The reaction mixture (maximum ultraviolet 
absorption, 288 m^) was concentrated under reduced pressure 
and the residue taken up in absolute ethanol. To the ethanolic 
solution was added ethyl acetate until the solution became turbid. 
On standing, a hygroscopic solid separated which gave the maxi­
mum absorption at 288 m,u but was too hygroscopic to be ana­
lyzed. 

(,)U) This compound has also been prepared and isolated as a picrate of its 
benzalhydrazone derivative by W. R. MeBride. W, G. Finnegan. and R. A. 
Henry, ./. Org. Chim.. 22, ] o2 (1957). 

N,N,N',N'-Tetramethylguanidine Nitrate. -Careful addition 
of dilute nitric acid (0.5 mole) of 57.5 g. (0.5 mole) of X,X.X' .X'-
tetramethylguanidine2" and evaporation gave til g. (72 ' , yield) 
of the nitrate, m.p. 85-88°. Hecrystallization from a mixture 
of butanol and ether gave white, hygroscopic crystals, m.p. 87-
88°. The infrared spectrum of this compound possessed a. char­
acteristic X Id stretching at 3400 cm. ' and nitrate vibration at 
825 cm."1. 

Anal. Calcd. for C.-,Hi3X,- HXO, 0.51-FO: C, 32.2; H. v(): 
X.30.0. Found: 0, 32.fi; H, 7.5: X. 30.3. 

N,N,N',N -Tetramethyl-N'-nitroguanidine XXVII;. To 300 
ml. of coned, sulfuric acid cooled to —5° was added 122 g. of the 
tetramethylguanidine nitrate. The solution was kept below 0° 
for 90 min.. poured onto ice. and neutralized to pH 7 with am­
monia. The aqueous solution then was extracted with chloro­
form. Kvaporation of the chloroform extract afforded 100 g. 
(92 r( ! of tetramethylnitroguanidine, m.p. 80-82°, Hecrystal­
lization from ethyl acetate and heptane and recrystallization from 
benzene gave large, white, rhombic crystals, m.p. 86-87°. An 
infrared spectrum of the product showed no band in the X H 
stretching region but did indicate a X -XO= band at 1250 cm, '. 

Anal. Calcd. for C ;,H,,X,0,: C. 37.5: If, 7.5; X, 35.0, 
Found: C. 37.4: H.7.43: X.34.9. 

N,N,N',N'-Tetramethyl-N"-aminoguanidine ;XIX.).---To a 
stirred suspension of 55.0 g. (0.20 mole) of X.X.X'.X'.S-penta-
niethylisothiouronium iodide, prepared in quantitative yield 
according to the method of Lecher and Heuck,-1 in 300 ml. of 
absolute ethanol was added 9.0 g. (0.30 mole) of 97', ' hydrazine. 
The reaction mixture was stirred at room temperature overnight 
during which time some solid separated. The solid was filtered, 
washed with small amounts of ethanol and ether and dried in 
racua to give 12 g. of white solid, m.p. 118-1 10.5°. The filtrate 
was evaporated to dryness under reduced pressure and the residue 
was recrystallized from absolute ethanol to yield 34.-1 g. of white 
solid, in.p. 118 120°. The infrared absorption spectra for these 
two solid products were identical. The combined yield of XIX 
was 9 0 ' , . 

Anal. Calcd. for (\H.,NV 111: O. 23.2: 11.5.82: X 21.7: 
1.49.3. Found: O. 23.1; Ff. 5.88; X,21.5; 1.49.2. 

1,1 '-(Methylethanediylidenedinitrilo!bis(2,2,3,3-tetraniethyl -
guanidine (XXXV-To 25.8 g. (0.10 mole) of XIX in 300 ml. of 
absolute ethanol (partially soluble) was added, with stirring, 8.4 g. 
of 43' j. (0.05 mole) solution of methylglyoxal. All the solid dis­
solved after the addition. The solution was stirred overnight at 
room temperature. A light yellow solid, which gradually formed, 
was filtered and washed with ethanol, then ether. It weighed 7 g. 
after being dried hi racua, m.p. 275 270° dec. Additional prod­
uct was formed from the filtrate on continued stirring. The 
total yield was 17.5 g. (61 '< ). After recrystallization from 
ethanol the product melted at 285-286° dec.: A",1,̂ 1 225 m,u(« 
37,000), 297 mn ' t -13.300): A;;,",/ 225 mM u 37,000). 297 rn»i ( 

38,700). 
Anal. Calcd. for C,:1H., fX5-2HFlFO: C. 27,1: H. 5.65; X. 

19.6; 1.44.5. Found: 0, 27.6: H. 5.50: N. 19.5: 1.44,4, 
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