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very important role in the structure-activity relation- 
ship of this type of compound. This is best illustrated 
by the fact that  the replacement of the methyl group in 
I by an ethyl group resulted in the total loss of-oncolytic 
activity. It was, therefore, desirable to synthesize 
trifluoromethylglyoxal bis(guany1hydrazone) (11) in 
order to better understand the relationship between the 
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electronic effect and biological activity in this type of 
structure. The close approximation of the size of a 
fluorine atom to that of a hydrogen atom keeps the 
difference of steric influence between compounds I and 
I1 to a minimum. 

Since a number of alkylglyoxal bis(guany1hydra- 
zones) were successfully prepared by the reaction of 
aminoguanidine with a dichloromethyl alkyl ketone,j 
an attempt was made to use this route for the prepara- 
tion of 11. NcBee and Burton8 reported the prepara- 
tion of dibromomethyl trifluoromethyl ketone (111) 
by the bromination of trifluoroacetone in concentrated 
sulfuric acid. Treatment of I11 with 2 equiv. of amino- 
guanidine hydrobromide for an extended period gave 
a very lorn yield of 11, isolated as the dihydrobroniide 
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salt. The sulfate of I1 was similarly prepared from I11 
and aminoguanidine sulfate. Both products were dif- 
ficult to purify. The ultraviolet absorption maxima 
for the two were identical (A::: 304 mp), yet quite 
different from the characteristic absorption for I and 
its homologs (A&:: 283 mp) . 5  

In  view of the analytical difficulties and the "ab- 
normal" ultraviolet absorption, an attempt was made 
to determine whether the products in the foregoing 
experiments were actually bis(guany1hydrazones). Tri- 
fluoroacetone (IV) was oxidized with selenium dioxide. 
The general procedure of Riley and Grayg for the prepa- 
ration of phenylglyoxal and that of Ronzio and Waugh'o 
for the preparation of glyoxal was adapted for the 
preparation of trifluoromethylglyoxal. The aqueous 
solution of trifluoroinethylglyoxal (V) thus obtained 
was treated in situ with 2 equiv. of aminoguanidine 
sulfate. The ultraviolet absorption spectrum of the 
solid product, which melted a t  244-246' with decom- 
position, was identical with spectra of the previous 
runs. 

A portion of the product was converted to the free 
base by a procedure similar to that described for the 
preparation of the free base of The 1i.iii.r. com- 
parison of the free bases of I and I1 further confirmed 
the structure of the product as 11." Paper chro- 
matographic analyses of the free base and different salts 
of I1 indicated that all these products are fundamentally 
identical: Rr 0.63 for all four products in 5% amino- 

(8) E. T. McBee and  T. XI. Burton, J. Am. Chem. Soe., 74, 3902 (1952) 
(9) H. A. Rdey and  A. R .  Gray, "Organic Syntheses," Call. Vol. 11, John 

(10) A. R .  Ronzio a n d  T. D .  Waugh, abad.. Call. Vol. 111. 1955, p. 438. 
Wiley & Sons, Inc., New York, N. Y. ,  1943, p. 509. 

nium bicarbonate (25O, descending) and 0.55 for all four 
products in ethanol-wateI-hydrochloric acid (8: 1 : 1). 

For purposes of comparison the guanylhydrazone of 
1,1,l-trifluoroacetone was prepared from IV and amino- 
guanidine. The product, n1.p. 190-191 ', had an ultra- 
violet absorption maximum at  226 mM (pH 1). 

In  addition, the closely related tetrahydro analog of 
I, 1,2-bis(guanidinoamino)propane (VI),3 was prepared 
by catalytic hydrogenation of I. 
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Preliminary antitumor evaluation of these com- 
pounds indicated that, a t  a dose of 75 ing./kg., tri- 
fluoromethylglyoxal bis(guany1hydrazone) sulfate mon- 
ohydrate was not toxic and failed to inhibit the leu- 
kemia L-1210 tumor system.I2 By comparison, meth- 
glyoxal bis(guany1hydrazone) dihydrochloride is active 
against L-1210 a t  a dose of 20 mg./kg. and is toxic 
a t  120 mg./kg. Consequently, testing a t  higher 
dosages for the trifluoromethyl analog is under way. 
The sulfate salt of 1,2-bis(guanidinoamino)propane 
(VI) is toxic a t  500 nig./kg. in noninbred, Swiss albino 
mice and random-bred albino rats. It is inactive in 
sarcoma-180, leukemia L-1210, and Walker 256 
(intramuscular) tumor systems at  125 mg./kg. I n  
tissue culture studies compound VI has an EDb0 
(the dose that causes a 50y0 inhibition of growth) of 
11 y/mL (slope, 0.52).13 

Experimental14 
Trifluoromethylglyoxal Bis(guany1hydrazone) Dihydrobromide. 

-To a solution of aminoguanidine hydrobromide [prepared from 
38.0 g. (0.28 mole) of aminoguanidine bicarbonate and 47.1 g. 
(0.28 mole) of 48% hydrobromic acid] in 100 ml. of water was 
added 38.8 g. (0.14 mole) of dibromomethyl trifluoromethyl 
ketone.8 The mixture was;warmed on the steam bath for 8 hr. 
A solid slowly deposited when the reaction mixture was allowed 
to stand for a period of 4 weeks. The product, after recrystal- 
lization from a small amount of ethanol, wyeighed 8 g. When 
heated, i t  appeared to undergo a phase transition a t  160-175'. 
giving a solid which decomposed a t  235-237", A:!: 304 mp 
( e  17,500), AL~H"348mu(e27.800). , . . ... .. 

Anal. Calcd. for '  CaHgF3~;8.2HBr.l,5H:O: C, 14.1; H, 
Found: C, 14.1; H, 3.32; Br, 37.4; 3.28; Br, 37.4; N, 26.3. 

S,  26.3. 

(11) The spectra were run on a Varian A-60 high resolution n.m.r. spec- 
trometer. The  compounds were dissolved in triffuoroacetic acid using 
tetramethylsilane as  a n  external standard (which introduced a deviation of 
1 0 . 2  p.p.m.). I n  the free base of methylglyoxal bis(guany1hydrszone) (I). 
the methyl protons appear as  a single sharp peak at 6 = 1.8 p.p.m.. and the 
aldimine proton as  a single sharp peak a t  6 = 7.4 p.p.m.; this is a normal 
chemical shift for the -CH=N- grouping. The  N-H protons appear a s  8 

single broad band a t  6 = 6.4 p.p.m. I n  the case of the  free base of trifluoro- 
methylglyoxal bis(guany1hydrazone) (11). the  methyl protons are absent 
and the aldimine proton appears at  7.6 p.p.m. The  N-H protons appear a8 
a double band, moderately mixed, bu t  with separate maxima at 6 = 6.7 and 
6.9 p.p.m. The  area of each band appears to  be about the  same b u t  the 
donnfield band (6.9 p.p.m.1 is slightly larger. 

(12) Dr. Richard H. Adamson, National Cancer Institute, private com- 
munication. 

(13) Testing work was done b y  Microbiological Associates, a contract 
screener of Cancer Chemotherapy National Service Center. 

(14) All melting points (corrected) were taken on a Thomas-Hoover 
melting-point apparatus. T h e  ultraviolet absorption spectra were deter- 
mined with a Beckman DK-2 spectrophotometer. For carbon and hydrogen 
determinations of fluorine-containing compounds, magnesium oxide was 
added to  combustion tubes; c/. A. Steyermark, "Quantitative Organic 
Micro-Analyses," 2nd Ed., Academic Press, New York, N. Y. ,  1961, p. 222. 



NOTES 

Trifluoromethylglyoxal Bis(guany1hydrazone) Sulfate. A:- 
An aqueous solution of dibromomethyl trifluoroniethyl ketonex 
and aminoguanidine sulfate6 (in the ratio of 1 :2)  was refluxed 
for 5-15 hr. On cooling, the separated solid was filtered anti 
recrystallized from water. Yields generally were in the range 
of 40-70vc. The product, m-hich decomposed at, ca. 240" and 
had a characteristic ultraviolet absorption ruaximum of 30-$ nip 
a t  pH 1, failed to yield a satisfactory analysis. iT>-pic.al anul j  - 
sis: C, 18.1; H,3.78; K,31.8.) 

B.-A mixture of 111 g. of selenium dioxide, 600 nil. o f  dirmtne, 
20 ml. of glacial acetic acid, and 20 rnl. of water TWS warmed on 
it st,eani bath for 3 hr. and c.iroled to rooni temprrature. To 
the stirred suspension was added 112 g. o f  ti.ifluoroac.et(rne in  onc 
portion and the reaction mixture refluxed with stirring Eoi. 5 hi.. 
Tlie liquid was separated by fi1tr:tticrn m d  the solid was xaslitd 
Kith two 7.5-nil. portions of water. Tlir conibinrti filt.rate : i ~ l t l  

washings xere distilled a t  atmospheric. pressure to  :I vohinit~ of 
about 350 ml. The liquid was dec,anted from :L slight niric~unf 
of precipitated selenium arid the voluiiir~ xas  adjusted t 
.i00 nil. by addition of water. I.ead acetate scrlution (25 
added in  slight. ewess. The lead seleiiiir was remirved k1.1 

filtratiini and the filtrate was saturated wi th  hydrogen sulfidv 
to reniove a11 traces of lead. ..\pprr,xini:rtelg. 20 g. of  a c a i  iv:itc,tl 
charcoal was added. The mixture w:is wirinrci to about 40", 
filtered with surtion, and t,he colorless filtrat,e conc*ent,rated t i  I 

ak)oiit 300 nil. This concentrate was :tdded ihpwise  t o  :L .NO- 
nil. stirred solution of 2 moles of aniinogu:inidine sulfate in water 
(prepared from 27-1 g. of a~ninoguanidine hicnrbonate and 98 g. 
of sulfuric arid). The resulting t,urbid s(r1utirrn was refluxed 
for 3 hr. and stirred a t  rooin temperature for 18 kir. The yellon- 
solid which separated (38  g.) tlecmnpnsecl :it m. 242'. C'ow 
centration of t,he filtrate yielded :til additiond 4.7 g. .After re- 
crvstallization froni water, i t  melted : IT ? - ~ - 2 - + 6 '  deca.. A:::!: 

S, 31.6. 
Trifluoromethylglyoxal Bis(guany1hydrazone) (II).-.1 sus- 

pension of trifluoromethylglyoxal hisiguanylhvdrazoiie) sulfate 
in water was carefully neutralized wi th  dilute sodiuni hydrnxide 
:it, rooin temperature, and the I~esliktaIiT solution was extr:tc%ed 
several times with butanol. T h e  Ir)iitanicil estriic.1 was evapii- 
rat.ed i n  rnc'iio to yield a yellow solid which, after recrystalli- 
zation from a niixtnre of 2-propanol and heptane, gave IT, r1i.p. 
210' de(*., A::: 304 m p  (E 18,7001, A:::' 318 nip ( c  21,400). 

-4naZ. Calcd. for C,H9FIS8: C', 25.2: H. 3.7F;: S, 47.1. 

Found: C, l i . 3 ;  H, 3.69.; Sl :31:!1. 

Found: C, 25.5; H, 4.20; S, 47.0. 
1.1 .l-Trifluoroacetone Guanylhvdrazone Hemisulfate.--To :t . .  -~ 

solution of aminoguanidine sulfate, prepared from 40.5 g. (0.30 
mole) of aminoguanidine biCarb0nate and 15.0 g. (0.153 mole) 
of sulfuric acid in 200 rnl. of water was added ai  room tempera- 
t,ure, 33.6 g. (0.30 mole) of I ,  1 ,  I-t,rifliii,roac.et,oiie. The reaction 
mixture was stirred at room temperature for 2 hr., then ~ a r n i e d  
011 a. steam bath for 3 hr. Addition of approximately 20 nil .  
of absolute ethanol t o  the cooled solution mused immediate 
precipitation of :t xvvhite solid whic.h w:is isolated by filtration. 
The product (:ilmost quantitat,ive yield) was washed TTith a small 
quantity nf cold absolute ethanol and $lied. m.p. 190- 191' 
(analyzed ~ i t h n u t  further purific.:ition 1. A;;,, 2?(; nip i t  15,800'1, 
~:::'24Srnfi(e I . ? , % ) ~ ' I ,  

S, 25.8. 
1,2-Bis(guanidinoamino)propane Sulfate. A.--A suspensioii 

trf 25.7 g. (0.1 mole) of meth,vlglyoxal bis(guaiiyl1iydrszoiie) 
dihydrorhloride rnonohydrate in 250 nil. of 60:; acet,ic arid run- 
hining 0.1 g. of platinum oxide was hydrogenated a t  4.22 kg. /cm.2 
for 24 hr. during which time the reaction vessel was interniittentlp 
warnied to  about 50". The theoretical aniuunt of hydrogen was 
cwiisumed. The catdj-st was removed and the filtrate WE 
evaporated zrz cucuo t o  give ti vel>- hygroscopic solid t,o which 
was added 100 nil. of water and 31 . I  g. of silver sulfate. The 
mixture was shaken for 2 hr. aiid filtered to remove the silver 
(ahloride. Ethanol w:ts added to the warmed filtrate until 
turbid, :tiid the solutioii was nllowetl to I Y J O ~  slovly. The product, 
a1iic.h failed l o  nbsorl) in the ultraviolet region, was recrystal- 
lized froin ii niixt,ure of  water and niethanol t30 give 10 g. of whitr 
solid, 1ii.p. ZOOo d w .  

An,tZ. C a l d  for C'JI~fiS~~TT~SC)l:  c' ,  21 .(J; T I 9  6.:30: Y, 
39.2. 

B.----A suspension of 15 g. of nwt tiylglyoxal bis(giiatiylliyt1r:~- 
zone') sulfate i n  200 nil. of 50r; : i (vl ic% :irid ront:iining 1 g .  i i f  

.I ILO,/. C a l ~ d .  for C'4HiF'sXi.(J..iHr C' .  22.1:  H, :3 . t i \ 1 :  
Found: C, 22.1: H, 4.10: 3 ,  

I.'ound: C', 21.2: H, 6.76: 3, 39.6, 

platiiiuni wide wits hydrogenated :it. 65" and 4.22 kg./isn~.2. 
During 4 tir. the calculated amount, of hg-drogen w w  i~onsuined. 
Tlie warin solution wits filtered, anti the filtrate was evaporated 
1 dryness in t1acuo. Recrystallization of the residue from w:tter 
yielded 11.5 g. (74(-; yield) of a white solid whirh decwriposed 
rapidly at  2$>Oo with evolutinn of g:i>. T l i e  infr:ired :i\isorptioii 
spectra trf the produiats prepared by both iiiethnds \wre ident,iv:il. 

.tnctl. (h1i.d. for CaHlfiSs.H2POI: T. 39.2. E'oiind: S .  
:I! I .  2. 
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T i l  o u r  st'udies 011 riii~-polvchlorinated pyriiiiidines, it 
hecanie desirable to prepare a number of analogs u-it'li 
substituent,s in thv 2 - ,  5 - ,  a d  2,5-positions. 

The preparatioii of thc? 2-suhstit'utjed 4,6-pyririiidine- 
diols and the corresponding dichloropyriinidines (CH,,? 
C2H6,3,4 C3E-17,5 aiid C6Hj6)-has been reported. Of the 
corresponding ~,~:(i-tricliloropyrii~iidines, only the 2- 
inethyl and 2-chloroiiiethyl analogs are In 
the 5-subst8itutcd barbituric acid and 2,4,6-trichloro- 
ppriinidine series, the methyl ,s broniomethyl,'~$ et'hyl,]') 
see-butyl , I 1  and plier~y112~' derivatives are also 'known. 
.',-Propyl- aiid :i-isopr~~pglharhitul.ic acids had also 
been reported.14 

In this study ten adclitioiial ring-polyclilorinatctl py- 
rimidines and the necessary iriterinediat'es will be dc- 
scribed. Scheine T indicates the synt,hetic sequencc 
employed. 

The appropriat,c: aiiiidine or urea was condensed with 
the corrcspondiiig cthyl malonate in t'he presence of 
sodiuni c$hoxide to forin a 3,6-pyrimidinediol (I), 
which was then treat'ed with phosphorus oxychloride, 
phosphorus ox~cliloride--diinethylaniline, or phos- 
phorus oxychloride~-peiitacliloride to yield 'IT.  Coni- 
pounds of T T i  a i i d  ITj WNY, rouvertd to the .i-hino~llo- 

IT. 13. I l e n ~ e  and  S, 0. I\-intiirop. .I.  . l m .  Chem. , Y N C . ,  79. 22x0 f l 9 . 5 7 ) .  

(8) 0.  (:ernyruss. Urr. .. 38, .%{94 l(1905). 
i9 )  11. H a s e g a n u  I J / L a r m .  Ruil iTokho), 1, ::X7 (195:3); Chrni. . l i t s i r . ,  


