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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 a t  100" for 3 hr. The reaction mixture was 
filtered to obtain 196 g. of material melting a t  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. (927,). 

Anal. Calcd. for C?H&lN2S: C, 31.47; H, 5.94; S,  18.36. 
Found: C, 31.29; H,6.05; N, 18.11. 

Preparation of Guanidines.-The following are generalized 
procedures. 

Method A.'-Equimolar amounts of the amine and 2-methy1-2- 
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 a t  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 6 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 
I I a d d o ~ . 1 ~  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 hl.  Dcbaert, Bull Soc Chzm. France, 

(14) L. C .  Raiford and  W. T. Daddou,  J. $m.  Chem. Soc., 63, 1.552 
387 (1960). 

(1931). 

Method D.-The procedure n as based on the one described by 
Scott, O'Donovan, and Reilly,'5 using ethanol as the solvent. 
1-[2-(2-PiperidyI)-ethyl]guanidine Sulfate.-A solution of 

20.4 g. (0.078 mole) of 1-[2-(2-pyridyl)-ethyl]-guanidine sulfate 
(Table 111, 32) in 150 ml. of water was hydrogenated over 5% 
rhodium on alumina a t  2.8 kg./cm.? Uptake was complete in 8 
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 111, 33). 

Acknowledgments.-The pharmacological activity 
of these compounds was investigated by Dr. John 
Schmidt, Dr. Hollis Schoepke, J l r .  Leo Wiemeler, and 
Mr. Charles Shannon of the Pharmacology Department, 
Abbott Laboratories. We are grateful to them for 
permission to use their data. Analytical data were pro- 
vided by Mr. Elmer Shelberg, Rlr. Orville Kolsto, and 
staff of the Abbott Mcroanalytical Laboratory. The 
catalytic hydrogenations and other pressure reactions 
were carried out by J l r .  Jlorris Freifelder and A h .  
George Stone. 

We also wish to thank the following individuals for 
preparing one or more of the intermediate compounds 
required during the course of this work: hlr. William 
Chan, Mr. Robert Hallas, hlr. Carl Xordeen, Miss 
Evelyn Schuber, JIr. Xorman Springer, and RIr. 
Robert Stein. 

(15) F L. Srott ,  D. G. O'Donoran, and .J. Redly, ?hid . ,  76, 4053 (1953). 

_ _ ~  

Studies on Methy lglyoxal Bis(guany1hydra zone)' Analogs. 
I. Homologs of Methplglyoxal Bis(guanylhydrazone)2 

EUGENE G. P O D R E B A R A C ,  W A Y S E  H. X Y B E R G ,  FREDERIC A. FRENCH, A S D  C. C. CHESG 
Jfadwest Resfarch Institute, Ramas Caty 10, Missoura 

Received Sovember 13, 1962 

Investigation of different methods leading to the synthesis of alkylglyoxals was conducted. The method used 
in the preparation of ethylglyoxal vza 2-butyne-lj4-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 glvovals in relatively good yield. Use of dichloroniethyl 
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 alkvl glvoxals, furnish all the necessary compounds for the phase I (homologs) study in the - _ "  

methylglyoxal bis(guany1hydrazone) series. 

A recent report indicated that methylglyoxal bis- 
(guanylhydrazone) (I), prepared by Freedlander and 
F r e n ~ h , ~  produced the first significant remissions in 

CHI-C=NKHC( =NH)SH,  

HC=NSHC( =h-H)NH:! 
I 1 

adult acute myelocytic leukemia. This drug, hom- 
ever, is quite toxic.5 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 I,l '-[(methyl)- 
ethanediylidenedinitriloldiguanidine. 

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

(3) B. L. Freedlander and F. 4. French, Cancer Researrh, 18, 360 (19.58). 
(4) F. Freireich and E. Frei. 111, Proc. Am. Assoc.  Cancer Res., 3, 319 

(1962). 
( 5 )  (a) W. Regelson. 0. Selawry, and  J. F. Holland, Proc. Am. Assoc.  

Cancer Rea., S, 352 (1962); (h) hl. E. Tidhall and  D. P. Rall, ih id . ,  3, 367 
(lQ62). 

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 guanylhydrazonc 
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) 

RIR~R~C-C=NKHC(=SH)SHZ 

HC=NNHC(=NH)SH? 
1 

11. RI  = CH3; R2, R3 = H 
111. RI ,  R2 = CH3; R3 = H 
IV. RI. Rv. Rq = CH, 

Although selenium dioxide is an outstanding agent 



for the preparatioii of 1,2-dicarboiiyl intcrniediat~~ 
the resulting coiideiisatioii products ~~-ou ld  be coutan 
iiatcd by truces of selenium which is very toxic a i d  
dificult to  remove. Consequently, for iiicdicinal 
studies, other routes leading to  thc synthesis of  alkyl 
glyoxals have been investigated. 

Reaction of 2-butyne-1,l-diol (IX) atid ethylene 
qlpcol in  the presence of mercuric chloride gave ethyl- 
glyoxal ~~is(et l i~len~glycolaceta1)~ (X) Hydrolyqis of 

( I - -  CIl-  
( C  H2OH)! 

IIOCH-C-C'-CH:OH d 11 
I \  

0 -<'H- 

0 -CH, 

w' 

S i n  the presence of anzinoguaiiidiiie sulfate gave ethyl- 
glyoxal bis (guauylhydrazone) sulfate. 
Ai coiiveiiieiit method for the preparatioii of a-keto- 

acetals (XII) was first described by TTohl and Laage.' 

2 .  IIOH 
s I s I1 

The method involves the reaction of Grigiiard reagents 
with dialkoxyacetylpiperidine (XI). Accordingly, 
2-keto-3-niethylbutyraldehyde diethylacetal [XII, R 
= (('EI,)&H 1, 3,3-dimethyl-2-keto-butyraldehyde di- 
ctliylacetal [XII, R = (CH3)3C],g and 2-ketooctadec- 
ylaldeliyde diethylacetal [XII, R = CH,(CH,),,] ~ w r e  
prepared by this method. Treatment of each of the  
ketoacetals \\ itli aniinoguanidiiie in the presence of 
acid gave the corresponding guaizylhydrazone deriva- 
tives (111, IT', VIII). 

,inother relatively convenient and quite versatile 
method for the synthesis of ketoacetals involves the use 
of ethyl r-diethoxyacetoacetate (XIII) prepared froni 
tlichloroacetic acid by the method of Dakin and 
Iliidley. lo The sodium salt of XI11 was treated with 
bromopropaiie to give the corresponding propyl deriva- 
tive (XTT-). Base hydrolysih of XTT yielded butyl- 

(C"?)?CHI 

I('.H,O),CHCOCH?COOC~H, (CrH,O)LCHCOCHCOOC?Hj 
SI11 ST\- 

glyoxal diethylacetal, which reacted readily with 
aminoguanidiiie sulfate in acid to  form the butyl analog 
( \7)  of I This method, while being sorncwhat more 
in\dved than that of Wohl and Lange,' has the dis- 
tinct adrantage of not being limited to  the preparation 
of only those conipouiids which require Grignard rea- 
gent< as intermediates 

111 rien of the reported eaqe of preparation of t h c  
diosinic of ethylglyoxal by tlie reaction of hydroxyl- 
miiiiir ant1 a-dicliloroniethyl ethyl ketone,l1 an aiial- 
ogous procedure was utilizetl for the preparatioii of 

~ 6 j  I\ 1tf.pye and 11 r Pistui, Ann C h e m  596, 50 (19i i i  
17) \ Ivoti1 and hl Lange Ber , 41, 3612 (1908) 
18) 11 1 )  Ilakin and 11 t+- I h d i e y  1 Bzol Chem 18, 29,19141 
( ' i j  J R Wright  7 A m  Cliem. ~ G L  , 77, 4884 (1975) 
(10) H. U Dakin and H TV Dudley, J Chen Soc , 105, 2493 (1014). 
(11) E. E. Blame, Cnmpl,  r e n d . ,  165, 1282 (1812), 

miipoutlds \'I and VII.  'I'hc dichloroinrthyl alkyl 
kctoiic.* i t i  hotli m s e s  n'err~ prcparctl 1))- a rcwtioii 
hiniilar to that dcscribcd by 13uiinett aiid 'l'arbt.11 t o 1  
t l ic l  preparatioii of a - c I i l o rok t~ t~ i i (~~ .~?  l ' t i l izut  i o t i  of 
dicliloroac~tyl c*liloiide (X\7) itisttwl of chloroac~01yl 
(Lliloridc gar(' t 1~ desired dichloroiiictliyl alkyl krtoiiv 
P3-1 ,  1: = ('JlI1. CiFTIIJ), wlii(~l~ yieldrd tlw appropnatc. 
guaiiylli~tlraao~i(~ c.onipoiiiid* (1'1 a i i d  171C u i t l i  a i l i i t i o -  

giiaiiiditi(~ 

I< . (  ,I 
( ' I C Y  )('H('l + TtCOC'H('1 a 

\ \  \\ .I 

.I11 tlie priinary autl hecoiidaiy substitutcd h i +  

jguanylhydrazoi IC) compouiids in area 1 posses5 a 
characteristic ultraviolet absorption iiiaxiiriiim a t  283 
nip at pH I .  lleplacenieiit of all hydrogen atorris of  
the CH, group by three methyl groups caused a batlio- 
chi-ornic shift of this iiiaxiinuni to 300 nip. 

Area 2-Homologs of the Guanylhydrazone Moiety. 
- This area iiidudes c~ompoimds i n  which tht1 hydrogcii 
atoms in thc guanylh~drazorir~ portioir are rclplacwl hy 
methyl group. 

( ' t i  - c - . N S ~ ~ ~ ~ ~ C : ( : = S I ~ ~ ) S R ~ I ~ ,  

v - 1 1  (1 -0  1 

'Theoretically. the at'raiigcnieut of iiictliyl groups i i i  

thc guanylhydrazone moiety give.: rise to nine possihl~~ 

I - l~NS( l t l )C( -=SI l r~SR *I? ,  
x;Vm 

SVIII-I. Iti, It,, I? = 1-1, R, = ('117 
YVIII-2 It, = P€€ : It,, 113, I t 4  = 1I 

XVIII-3, It, ,  It, = H :  Iti, I<* = CII, 

RI )c( =-xItr)xltjIt+ 

homologs. 

two monosubstituted derivative\: 

thwe disubstitut ~1 de rivat i vt>- 

SVIII-I- 111, Rj 1-1, R,, R, = CH? 
SVIII-5. It?, It? = H: RI, R4 = 

ihree trisubstituted derivatives : 
lVIII-t i .  I t ,  = 13: li-, R 3 ,  Ra C ' H j  
SVIII-T. 11: = H. It], It,, K? = C", 
YT'IIT-x I< = H ,  IL, R:. r?, = c", 

xyIir-!). IL, IL. iti. 11, = m, 
aiid O / Z P  tdrasubxtituted derivative : 

In  addition, a closely related tetrasubstituted coin 
pound HaSN==C' [S(CHj),12 IXIX) should also be in -  
cluded in this a rm.  

Compounds XT'III-1 l 3  aud XYIII-3 were prepared 
by treating S-niethylthiosemicarbazide14 IXX) wit11 
niethylaniiiie aiid dimethylaniine, respectively. Coni- 
pound XT'II1-2l5 was prepared by the reaction of 
rnethylhydrazine with S-nietliylisothiourea (XXI) . 

C'H,SCi --NIii)?;RzR? 

S t ,  Ri. R r ,  113 = H 
II. Ri, 11- = I I ,  R j  = C", 
IT, R,, I t ]  ( - 1 ~ 3 ;  Ri = H 

It:. FL = CH, SSIV, I?, = 1 1 ,  
Y Y V ,  I< , .  11 . 11 = CH? 

11.2) J I Hrinnett u i d  1 1  Tat bell I A m  Cl i i rn  S o  
(18) G IV Kirsteni tnd (i B I, Sinitti t b d .  58, 800 (1 
(11) 11. Freund and T Paradies Rcr , 34, 3114 (1901). 
(15) G. H. Green and G B L S m i t h  .I Am. Cham Soc , 7 2 ,  874 (10.50). 
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R1 

CHa 

TABLE I 
PRELIMINARY TESTING RESULTS OF AREA 1 COMPOUNDS 

RIR,RaC-C=N--NH-C( =NH)NH, 

HC=K;-NH-C(=SH)n”, 
I 

Dose 
UP) 

Tumor (mg./kg./ mt. T I C  

H H LEa 60.0 5/6 - 1 . 5  110 
D L ~  12.5 6/6 0 . 0  100 
SAC 12.5 616 - 1 . 7  76 
C.4d 12 .5  10/10 -0.2 135 
KB‘ - 

R2 Rs system day) Survivors diff. 1%) Slope EDsa 

1 .0  x 1 
-0.20 2 . 2  x 1 
-0.96 3 .0  X 10 

CH3 CHI H LE 30.0 6/6 - 0 . 5  105 

CH:j(CH2)? H H LE 30.0 6 /e - 0 . 3  103 

CHa(CH2h H H LE 15.0 6/6 - 2 . 5  98 

CH, CHa CHa L E  15.0 6/6 -0.5 105 

KB -0.65 1 . 8  X 10 

KB -0.54 1 . 3  X 10 

KB -0.56 6 . 6  X 1 
CHdCHzh H I-I LE 60.0 4/6 - 1 . 2  109 

CH:d CH?)II H H LE 60.0 6/6 0 .1  110 
a L E  = Lymphoid leukemia 1210. * DL = Dunning leukemia (solid). SA = Sarcoma 180. CA = Adenocarcinoma 755.  . -  

e KB = Tissue culture (cell line). 

Methylhydrazine converted N,Sdimethylthiourea 
(XXII) into XVIII-5. A common intermediate for 
XVIII-416 and XT’III-8, N,N’-S-trimethyliso - 
thiourea (XXIII), was prepared from methyl isothio- 

Treatment of XXXIII  with hydrazine 
and methylhydrazine yielded the desired products. 
?;,N-Dimethylthiourea,19 zo prepared by a method 

analogous to the preparation of N,N-dimethylselen- 
oureaZ1 by using hydrogen sulfide rather than hydrogen 
selenide, was methylated readily to yield N,X,S-tri- 
niethylisothiourea hydroiodide (XXIV). Methylhy- 
drazine then converted XXIV to XVIII-7. 

Treatment of Y,K,X’,S-tetramethylisothiouronium 
iodide22 (XXV) with hydrazine and methylhydrazine 
gave XT’III-617 and XVIII-9, respectively. 

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

The preparation of compound X I X  was first investi- 
gated uia the reduction of X,K,N’,?;’-tetramethyl-X’’- 
iiitroguanidine (XXVII) ; the latter was prepared from 
the nitration of S,S, S’,S’-tetramethylguanidine. 2o 

Z=C[X(CHa)], CH,SC=S+(CH3j,.I- 
I 

S (CH,L  , -,- 

XXIX 

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

Methylation of S,N,S’,N’-tetramethylthiourea 
(XXVIII)23 readily gave X,S,?;’,K’,S-pentamethyl- 
isothiouronium iodide (XXIX) , 2 4  which was treated 
with hydrazine to yield compound XIX. The desired 
condensation product X X X  was obtained from X I X  
and met hylglyoxal. 

CH,C=SN=C[N(CH,)s].r 

HC=NS=C [ r\i( CHa)? 1 2  

xxx 
Preliminary biological evaluationsz5 of these com- 

pounds have revealed that compound I1 in tissue 
culture studies has an ED50 (the dose that causes a 50% 
inhibition of growth) of 2.2 pg./ml. (slope: -0.20).26 
(See Tables I and 11.) 

Experimental 27 

1,l ‘-(Ethylethanediylidenedinitrilojdiguanidine 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 n i th  a reflux 
condenser. Ethylglyoxal diethyleneglycolaceta1,s 31.3 g. (0.18 
mole), was added and the resultant two phase system was refluxed 
xith 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 

(16) R. A. Henry and G. B. L. Smith, J .  A m .  Chem. Soc. ,  73, 1858 (1951). 
(17) D. B. Murphy and J. P. Picard, J .  Org.  Chem., 19, 1807 ‘1954). 
(18) >I. Schenck, Arch. Pharm.,  249, 478 (1911). 
(19) Reported by 0. Wallach, Ber. ,  32, 1872 (1899), without preparative 

details. 
(20) .\I. Schenck and F. v. Graevenitz, Z .  p l iys io l .  Chem., 141, 132 (1924). 
(21) F. Bennett and R. Zingaro, Org. Sun., 36, 23 (1956). 
(22) h 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 ta reveal the  description of this compound. 

(23) 0. Billeter, Ber. ,  43, 1857 (1910). 
(24) H. Lecher and C. Heuck, Ann. ,  438, 169 (1921). 
( 2 5 )  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 t o  tha t  
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 Infrsoord. 



I1 L 

11 

I f  

I 1  I f  I i  

( " 7  H I T  ( " 

I i  CH, CH, ('H 
(1 \I'A = Walker 256 (subcutaneous) 

I 

iivernight :it room teinperature z r t  c ( ~ i i ' )  tlirti nri overnight expo- 
sure to :tir t o  yield 50.0 
283 nrp i t  14,000): A::x7 28 

.A MI/. Chlcd. for C6H 
s, :35,t\. Fllllnd: C', 23.0: 

2-Keto-3-methylbutyral 
ccicilrtl (5') solution of isopropylrn:r.qiiesiu~ri hronlide. prepared 
frcini t i l .5  g .  10.30 t i i i i l c )  of isopropyl h tn i ide  and 12.2 g. ( 0 . 5 0  
ino le)  o f  rn:igiiesiiini, n-:ts :idded 54.0 g .  (0.25 inole) of diethtixy- 
:icet!lpi~ieridir~e.~ As tile stirred reactio!i mixture slo\vly warmeti 
1 1 1 1 ,  the guni n-liicii liad formed initially gradn:tlly gave way to :I 
ivliitc solid. l'hc re:ictirin mixture \vas refluxed and stirred for  
:3 Iir. f i i l l o \v td  tty ovc~rnight stirring :it room ternper:lture. The 
rvxetion tiiistiirr \v:is t lien tre:ited \r-ith :i conctl. solution of 
: i t i i n i i i n i i i n i  chloride. rn:tintaining tlte teniper:iture at  aliout 20".  
TIii, etliereal layer m s  decanted :mi the :iqueous phase \vas ex- 
tr:ictr:d \vi l l i  etlier. Tlir comhined ethereal solution \vas dried 
orrcr snliydrcins sodium sulfate. Thrx ether \\-as removed under  
reduced prc:ssure and the residue fr:wtirinated Tile niain frac- 
tion w i s  collected at 69-72' (8-9 n i t n . )  j l i t . 8  1i.p. 75-T7" (10-12 
t i i n i . ~ ] ,  I I %  1.408.5. The yield of thr rolorless liquid w:is 30.tj g .  
( 7 0 ( , ;  I. 

.Ircai. G i l d .  for C,H,,O,: C. ti2.0: 11, 10.4. Found: ('. 
t i l . 4 :  €1, 10.1. 

2-Ketooctadecylaldehyde Diethylacetal was prepared in 3 tii:tn- 
iier uimil:tr t o  thnt described for the isoprci1);~l compoiind. Thr 
rwctinn riiistiire was refluxed for 10 hr. Tol:itile roniponentu 
in  t h e  ettier phase tmiling up to 127' (0.i: n ~ n . )  were removed. 
'l'hti residue, m. $50 g.. was used as sue-11 for the preparation of the 
t )is( gu:tnylhgdrazone). 

1, l ' -  (Isopropylethanediylidenedinitrilo) diguanidine Sulfate 
(111'~. ---.To a solution of 0.36 mole of :trninogilanidine snlfrrte i n  

d d e d  30.6 g. (0 .1  S inole) of isopropy1glyos:rl 
I .  of ethanol. ?'he stirred reartion niisturcs 

w:is refluseti for 2 hr. and stirred :it rooti1 ternpernturr for 2 days. 
'I'trt. white solid whir11 had formed \vas isolated by filtration, 
w:tshed with wrter, ethanol. and dry ether. The' product was 
tlritd :it 2,;' ( 1  n im.)  for :3 hr. to yield 47.5 g.  (79(;;) :is the ses- 
ciiiitijdratct, m.p. 214-216', A~H, '  xnd ' 283 nip ( e  21,200'1. 

.I nni. ( ' : i l d .  for CiHi6X3 
S .  : { : 3 . : 3 .  I>ound: C, 24.X: H 

1,l- if/:,[-Butylethanedi 
( I \ '  I wits prc1p:ired in a tiinnner similar t o  the :rhove procediire. 
f rom I-hutylglyox:il diethyl:tcet:il.9 The rr:ic*tirin afforded 3 1 . 1  
K .  (70';) of producat :is its monoIiytir:itr~, n1.p 214- -21~O;  A::',,' 
:<oo I l l y  i f 1 I .sooj: A:;:,' 305 nrp ( e A::::,1' 31s 111p i e 
l6,7.-ilh. 

.IMI/. (':~h:d. for ( 'aH,,N,.HISO1. 1 ( ' ,  2s.O: H, (i..&\: 
S.  i32.i. 

1 . I  ' - (Cetylethanediylidenedinitrilo) diguanidine Sulfate i VI I I ; 
IS:IS siiiiiI:irly prepired f rom 2-ketooct:iticc~~-l~ildel~y~le d ie th~ . l -  

I 1 300) ; 

1:oiind: C, 2 7 . 7 ;  H,6.(X; S ,  
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was added and the reaction mixture cooled to 3'. Dichloroacetyl 
chloride, 147 g. (1 mole), in 50 nil. 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 hydrolyzed 
with ice arid dilute sulfuric acid. The benzene layer was sep- 
arated and the aqueous portion extracted with benzene. The 
combined benzene phase was washed successively wit,h water, 
sodiuni bicarbonate solution, and water, then filtered through 
anhydrous sodium sulfate. Evaporation of benzene and frac- 
tionation of the residual liquid gave 1, I-dichloro-2-heptanone in 
i 2 . 6  g. (40c'i) yield, b.p. 85-92" (15 mm.), n2% 1.4515. 

-Anal. Calcd. for C,H,,Cl,O: C, 46.0; H,  6.61. Found: C, 
46.6; H,  6.76. 

1,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 nil. of water on a steam bath for 30 min. The reaction 
mixture was then stirred overnight a t  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%), ni.p. 
266" dec.; Af, . '  2x3 mp ( E  38,100); 

.lnal. Calcd. for C,H2,S8.H,SO~.HzO: C, 30.3: H, 6.79; 
S, 31.4. 
1,l'-(Hexylethanediylidenedinitri1o)diguanidine Sulfate (VII) 

was prepared in a manner similar to VI  from l,l-dichloro-2- 
octanone (prepared in 43 ield from hexylniagnesium bromide, 
cadmium chloride and loroacetyl chloride, b.p. 115-122' 
(21 mm.), nZ5o 1.4,540) in, 6 5 5 ,  yield, m.~;1260" dec.; 283 
m p  ( e  40,000); A::: 284 mp ( e  35,150); AP_,, 328 mp ( e  32,550). 

Anal. Calcd. for CloHz,S8~HzSO~.H,0: C, 32.4; H, 7.07; 
PI;, 30.3. Found: C, 32.6; H, 7.06; N, 30.3. 

1,l '-(Methylethanediylidenedinitrilo)-bis(3-methyl)guanidine 
Sulfate (XVII-l).-To a solution of 20.0 g. (0.15 mole) of 3- 
amino-1-methyl-guanidine sulfate13 in 100 nil. 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 oroduct was dried at  56" i l  mm.) for 3 hr. to yield 22..5 g.  

283 m p  ( e 35,210). 

Found: C, 30.3; H, 6.54; S,31.2.  

(94%) of XYII-I, m.p. 246-249" dec.'; 286 m i  ( e  40,3007; 

A n a [ .  Calcd. for C~HIAR.H&OA.H?O: C. 25.6: H.  6.14: 
XDH 7 

m ~ X  283 nip ( e  37,700). 

Y, 34.1. 
1,l' - (Methylethanedi flidenedinitrilo) -bis (1 -methyl) guanidine 

Sulfate (XVII-2).-A slurry of 75.0 g. (0.54 mole) of l-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 43y0 
solution of methylglyoxal in water. The reaction mixture was 
stirred intermittently for several hours and then left to stand 
overnight. Approximatelv 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 attempt 
was made to recover material from the washings). ilfter being 
dried a t  2.5' (1 mm.) for 3 hr. and then exposed to air for several 
days, the product weighed 5 4 0  g. (52y0 yield); the solid de- 
composes slowly above 216"; A::,' 270 mp ( e  22,200); Az:x7 
270 mp ( e  21,000). 

dnal.  Calcd. for C ~ H ~ , N ~ H , S O I ~ H & :  C, 22.20; H, 6.86; 
N,29.3. 
l,l-Dimethyl-3-aminoguanidine Sulfate.-This compound was 

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

1,l'- (Methylethanediylidenedini trilo) - bis (3,3-dimethyl) guani - 
dine Sulfate (XVII-3).-This product byas prepared in 687, yield 
from methylglyosal and l,l-dimethyl-3-aminoguanidine sulfate 
according to the procedure previously described for XVII I, 
m.p. 232-23.2" dec. The product was exposed to the atmosphere 
for 12 hr. before being analyzed: 
290 mp ( e 29,400). 

Calcd. for C9Hd8.H,SOa 3H20: C, 27.5; H, 7 19; N, 
28.6. 

1,l '-(Methylethanediylidenedinitrilo)-bis(2,3-dimethyl)guani- 
dine Hydroiodide (XVII-I).-A suspension of 40.0 g. (0 17 mole) 
of 3-amino-1,2-dimethyl-giianidine hydroiodide16 in 200 ml. of 
absolute methyl alcohol and 14.0 g. (0.085 mole) of a 43y0 aqueous 
solution of methylglyoxal was stirred a t  room temperature over- 

Found: C, 25.4; H ; 6  02; S,  i4 .3 .  

Found: C,22.3; H,  7.00; N,29.4.  

288 mp ( e  41,600); 

Anal. 
Found: C, 27.2; H,  6.92; X, 28.7. 

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 640/, 
yield (29.5 g.), m.p. 268-269' dec., had Aktxl 226 mp ( E  33,900) 
and 286 mp (e 33,900); X.,",:" 338 mp ( E  33,300). 

Anal. Calcd. for C9H,,N8.2HI.H,O.CH3OH: C, 22.0; 
H, 5.16; ?J, 20.5; I, 46.5. Found: C, 21.8; H, 3.35;  N, 20.3; 
I, 46.8. 
1,3-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-niethylisothiouron- 
iuni sulfate. The product, a viscous liquid, was treated with 
methylhydrazine (2.0 moles) in anhydrous methanol a t  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. 
Found: C, 21.7; H, 7.35. 

Calcd. for C3Hl,SI.'/,H,SOJ.H,0: C, 21.3; H, 7.10. 

1,l '-(Methylethanediylidenedinitri10)-bis( 1,3-dimethyl)guani- 
dine Sulfate (XVII-5).-3-Amino-l,3-dimethyIguanidine sulfate, 
22.6 g. (0.1q5 mole), was suspended in 20 ml. of anhldrous meth- 
anol and 11.7 g. (0.075 mole) of a 437, solution of methylglyoval 
in water was added. The reaction mixture %as slowly stirred a t  
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 methyl alcohol and treated with Sori t .  
Evaporation of the methj 1 alcohol and three azeotropic distilla- 
tions with benzene on the flash evaporator yielded 17.0 g. (617, 
yield) of a tan, wry hygroscopic solid which melted slowly over 
60" and decomposed at  loo",  279 nip; 296 mp. 

Anal. Calcd. for CsH,,X8 H?SOi CHBOH.2H20: C, 29.6; 
H, 7.40, S, 27.5. Found: C, 30.2; H,  7.47; ?;, 27.2. 

1,l '-(Methylethanediylidenedinitrilo) -his(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 iodide" in 50 
nil. of anhydrous methanol was added 8 4 g. (0.05 mole) 
of a 43c5 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. a t  60' 
the product weighed 23.0 g. (58YC yield), m p .  212-213' dec.; 

-4naI. Calcd. for CllHz1N8.2HI: C, 25.2; H, 4.96; N, 21.1. 
Found: C, 25 6; H, 5 .22;  S, 21.0. 

N,N-Dimethy1thiourea.-A stream of hydrogen sulfide was 
bubbled through a stirred solution of 11 1 g. of dimethylcyan- 
aniidelg in 225 ml. of concd. ammonium hydroxide and 75 ml. 
of water a t  20-30" for 4 hr. The reaction mixture was then 
cooled t o  5" and the precipitated solid was filtered and air dried 
to give 87 g. (8470 yield) of the product, m.p. 164-167" (re- 
crystallized from ethanol); lit. m.p. 158-1590,19 m.p. 164°.20 

dnal .  Calcd. for C ~ H ~ X ~ S S :  K, 26.9. Found: N, 26.7. 
N,N,S-Trimethylisothiourea Hydroiodide.-To a suspension of 

21 g (0.2 mole) of S,K-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 mivture was allowed to stir a t  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. (927, yield) of white rhombic crystals, m.p. 100-101". 

-4nal. Calcd. for CIH1,1?;2S: C, 19 5 ;  H, 4.5; S, 11.4. 
Found: C, 19.8; H,4.62; S,  11.1. 

1,l '-(Methylethanediylenedinitrilo) -bis(l,3,3-trimethyl)guani- 
dine Sulfate (XVII-7).-A mixture of 33.4 g. (0.13 mole) of N,N,S- 
trimethylisothiourea hydroiodide and 6.0 g. (0.13 mole) of methyl- 
hydrazine in 200 nil. 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 43% 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- 

292 mp ( e  39.800), 223 mp ( e  34,500). 

(30) P. R. Shildneck and W. Windus "Olganic Syntheses," Collective 
Vol. 11, John Wiley and Sons, New York, 1943, p. 411. 




