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TABLE I 
2-ACYLOXYACETOPHEXONES 

Rl 

NO. 

I 
I1 
I11 
I V  
V 
VI 
VI1 

NO. 

VI11 
I X  
X 
X I  
XI1 

NO. 

XI11 
XIV 
XV 
XVIb 
XVII 
XVIII 

R' R2 
OCHI OCHI 
H H 
H H 
H H 
H H 
H H 
H H 

K' RZ 
OCHI OCH, 
H H 
H H 
H H 
H H 

R' RZ 
OcH3 OCH, 
H H 
H H 
H H 
H H 
H H 

M.p., Yield, ----Calcd., %----Found, %------ 
R3 R4 OC. 70 Formula C H C l K C H C l N  

H 2-Quinolyl 130 30 C4oHi7NOj 68.4 4 . 9  . . . 4 . 0  68.7 4 . 7  , . .  4 . 0  
OCH, 2-Quinolyl 176-177 40 ClsHljN04 71 .0  4 . 7  . . .  4 . 4  71.1 4 . 9  . . . 4 .5  
c1 
c1 
c1 
c1 
c1 

R3 
H 
c1  
c1  
c1  
e1  

R3 
H 
OCHI 
e1 
c1 
c1 
c1 

2-Quinolyl 183-184 56 ClsH12ClN03 66.4 3 . 7  10.9 . . . 66.2 3 . 8  10 .8  . . . 
2-Pj-ridyl 128-129 50 C14H10ClN03 61.0 3 . 7  12 .9  . .  . 61.2  3 . 7  12 .9  . . . 
3-PJ-ridyl 75-76 57 C14HloClNO3 61.0 3 . 7  12 .9  . . . 61.0 3 . 7  13 .2  . , . 
2-Fury1 82-83 89 C13HgC101 59.0 3 . 4  13.4 . . . 59.0 3 . 5  13.9 . . . 
2-Thienyl 80-82 89 ClsH9C103S 55.6 3 . 2  12.6 . . . 55.5  3 . 4  11.6 . . . 

TABLE I1 
PROPAh.E-1,3-DIOh.ES 

R' 

hI.p., Yield, --Ca.lcd., %-----Found, %--- 
R4 OC. 70 Formula C I€ C1 N C H C1 N 

2-Quinolyl 123-124 60 C2oH17S05 68.4 4 . 9  . . . 4 . 0  68 .5  5 . 0  . . . 4 . 2  
2-Quinolyl 160-162 54 C18H12C1N03 66.4 3 . 7  10.9 4 .3  66.3 3 . 7  10 .5  4 .2  
3-Pyridyl 184-185 70 C14H&1N03 61 .0  3 . 7  12.9 5 . 1  60.6 3 . 8  12 .3  5 . 2  
2-Fury1 116-117 80 C13H9ClOa 59.0 3 . 4  13.4 . . . 58.8 3 . 3  13 .4  . . . 
2-Thienyl 104-105 92 C13HgC103S 55 .6  3 . 2  12.6 . .  . 55.7 2 . 9  12.8 . . . 

TABLE 111 
CHROYONES~ 

R' 

0 
M.P., 

R4 OC. 

2-Quinolyl 214-215 
2-Quinolyl 207-208 
2-Quinolyl 232-233 
X-Pyridyl 197-198 
2-Fury1 210 
2-Thienyl 174-175 

Yield, 
% 
72 
29 
80 
91 
87 
92 

-----Calcd., %---Found, %- 
Formula. C H C1 N C H C1 N 

C20H16NO4 72.1 4 . 5  , . .  4 .2  71.9 4 . 5  , . .  3 . 9  
C19H13N03 75.2 4 . 3  , . .  4 . 6  75.5 4 . 4  . . .  5 . 4  
ClsHloClNOz 70 .3  3 . 3  . . . 4.6  70.6 3 . 3  . . . 4 . 7  
ClaHsClN02 65.2 3 . 1  13 .8  . . .  64.8  3 . 2  13.9 , . .  
C13H7C103 63.3 2 . 9  14 .4  . . .  63.4  3 . 0  13 .7  . . .  
C13H7C102S 59 .4  2 . 7  13 .5  . . .  59.8 2 . 8  13 .4  . . .  

a -411 chromones, except X U ,  are new compoiinds. This rompoimd, prepared by a different method, was reported6 with m.p. 
187-188'. 

sumably diltetone and chromone) which was cyclized 
directly to the chronione XIV. 

The related 2-hydroxyacrylophenones (XIX- 
XXIV)5-i n ere obtained from alkali-catalyzed con- 

0 
XIX, K = 2-qiiinolyl 
YX, R = 2-pyridyl 

XXI, R = 3-pyridyl 

XXII,  R = 4pyridy1 
XXIII,  R = 2-fury1 
XXIV, R = 2-thienyl 

densation of the appropriate heterocyclic aldehydes 
with 5-chloro-L-hydroxyacetophenone. 

(5) R. Kuhn and €1. R. Hensel, Chem. Ber., 86 ,  1333 (1953). 
(6) A .  C. rlnnigeri and S. Siddappa. Indaan J .  Chem., 2 ,  413 (1964). 
( i)  P. L. Cheng, P. Fournari, and J. Tirouflet, Bull. SOC. cham. France, 

2248 (1963). 

Of chief interest among the compounds tested for 
anticancer activity in the earlier seriesJ3 and so far 
in the present one, is 6-chloro-2-(2-quinolyl)chromone 
(XV) . This displayed borderline, though significant , 
activity against Sarcoma 180 in all trials. KO com- 
parable degree of activity was shown by the other 
2-(2-quinolyl)chromones (XI11 and XIV) and this 
finding tempted us to correlate the activity of the com- 
pound with the presence of the chlorine atom in the 
molecule. ilccordingly, we were interested in pre- 
paring the other chlorinated derivatives. The screen- 
ing data available on these compounds are preliminary 
and, as with XV, both toxicity and antitumor activity 
varied unpredictably from test to test. Though final 
assessment awaits further testing, the preliminary 
results in many cases show a degree of reduction in 
tumor weight which suggests that there may be a 
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Comprl. 

VI11 

I S  

s 

SI 

STI 

SI11 

SI\' 

XI' 

XVI 

XVIJ 

XT'III 

SIX 

S N I  

SXTI 

XXIIT 
XXI\. 

-0 71 

relationship between the chloro-'-hydroxyphenyl-('- 
C--C-heterorycle (fury1 except (Jd) type of -t ructure arid 
:inticancer activity agairiqt the ~arcoiiia and carciiioiria 
-yiteiiis which might be worthy of furthw iriveitiga- 
tioii. S o  extension of thii 4tudy ( 'nu car r id  0111 

by u q  in the immediate future. 
The -creeriing data of i i i t  e i w i  :iw huininarizcd i i i  

Tiit)](> IT'. Soric of thrl ( > \ t ~ i ~ -  tc,-tcvl (11' V T I )  \w i (~  
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(i .e. ,  EDso 5 4 y/inl.). 
Table IV  for comparison. 

These results are included in 

Experimental Sections 

The preparation of the individual compounds listed below 
illustrates the general procedure for each class of compounds. 

2-Acyloxyacetophenones (Table I). 5-Chloro-2-(2-quinoline- 
carboxy)acetophenone (III).-Quinaldoyl chloride (10.0 g., 
0.052 mole) in dry benzene (80 ml.) was added gradually to a 
well-stirred ice-cold solution of 5-chloro-%-hydroxyacetophenone 
(8.9 g., 0.052 mole) in pyridine (70 nil.). After 24 hr. the mix- 
ture was added t o  excess dilute acetic acid. The product, which 
separated, crystallized from ethanol-acet,one in needles. Xelting 
points, per cent yields, and analyses are siimmarized in Table 
I. In the preparat,iori of the esters IV-VII, the acid chloride 
was added dropwise to the pyridine solution of the acetophenone. 

1-(2-Hydroxyphenyl)propane-1,3-diones (Table 11). I-( 5-  
Chloro-2-hydroxyphenyl)-3-(2-quinolyl)propane-l,3-dione (IX). 
-Powdered KOH (2 .5  g.) was added to a solution of 5-chloro-2- 
(2-quino1inecarboxy)acetophenone (5.0 9.) in dry pyridine 
(100 nil.). The mixtiire was shaken vigorously for 20 min. and 
set aside for 12 hr. The crude product, liberated by the addition 
of cold dilute acetic acid, was washed with water. It crystal- 
lized from ethanol-acetone in yellow needles. Melting points, 
etc., are recorded in Table 11. 

Chromones (Table 111). 6-Chloro-2-(2-quinolyl)chromone 
(XV).-1-( 5-Chloro-2-hydroxyp heny1)-3-( 2-quinolyl)propane-l,3- 
dione (3.6 g.) in acetic acid (40 ml.) and HBO, (1 ml.) was heated 
on a steam bath for 15 niin., poured onto crushed ice, and neu- 
tralized with lOYc NaOH. The product which separated crystal- 
lized from ethanol-acetone in needles. Melting points, etc., 
are recorded ill Table 111. 

Acrylophenones. 5-Chloro-2-hydroxy-3-(4-pyridyl)acrylophe- 
none (XXII).-Aqueous KOH (SO%, 10 ml.) was added to a 
solution of 5-chloro-2-hydroxyacetophenone (3.4 g., 0.02 mole) 
and pyridine-4-aldehyde (2.1 g., 0.02 mole) iii ethanol (50 ml.). 
After being st,irred a t  room temperature for 12 hr., the solution 
was neutralized with dilute acetic acid. The product, which 
separated, crystallized from alcohol in yellow rieedles, m.p. 
143-144', yield 40%. 

Anal .  Calcd. for ClIH1&1NO2: C, 64.7; H, 3.9; S, 5.4. 
Foruid: C, 64.5; H, 4.0; X, 5.5.  

(8) Jlicroanal>-ses were carried o u t  hy JIrs.  E. 11. Carey of the Ilepart- 
ment of Chemistry, University College, Dublin, and by Drs. Weiler and 
Strauss, Analytical Laboratory. Oxford, England. 

Synthetic Spasm013 tic Amines 

CEORGE H. COCOLSS,~  Sor RE\ A\AKIAS, A A L )  

G C S l A V  J. A I \ R I I \  

Research Laboratories, AVational Drug Componil, 
Phzlarlelphza 44, Pennsyhania 

t lecmted February 8, 1566 

h study of some isoineric hexyl- and heptylamiries by 
Alarsh, et ~ 1 . ~ ~  indicated that S-methyl substitution of 
these priniary amines enhanced spaamolytic action arid 
increased muscle relaxant activity while having no 
effect on t'he pressor activity of the amine. One of the 
more potent spasmolytic amines is 2-(3-niethylbutyl)- 
amino 6-inethylheptane (Octi~iuni-D).~ h more re- 
cent study* of N-alkyl-1,5-diniethylhexylamiries has 
shown t'hat these compounds exhibit some activity 

(1) School of Pharmacy, University of Xorth Carolina, Chapel Hill. 

( 2 )  D. F. Marsh, A .  Honard ,  and D. -4. Herring, J .  Pharmacal. Erptl .  

( 3 )  H. Hass, d r c l i .  Ezptl. Pathol. ~ h a r m a k o 7 . ,  227, 71 (1955). 
(4) (a) 1. Ota, G. Otani, and R.  Enomoto, Ynkuyaku  Zasshi.,  80, 1153 

(1960); ( 1 ) )  T. Ota ,  i h i d . ,  81, 403 (1961). 

S. ('. T o  whom requests for  reprints should be addressed. 

7'herap.,  103, 325 (1951). 

against acetylcholine-induced spasms and against blood 
pressure lowering. 

The pharniacodyriamic action of these ainines has 
been conveniently compared with that of the iiatural 
alkaloids, atropine and papaverine, in their ability to 
prevent spasms of isolated muscle when activated by 
acetylcholine or barium chloride solutions, respectively. 
1Iore often than not, these amines possess both actions. 
The rather interesting pressor activity data of simple 
amines and the properties of such a compound as 243- 
inethylbutyl) amino-6-niethylheptane5 prompted the 
synthesis of the conipounds listed in Table I. 

The secondary and tertiary amines were conveniently 
prepared by alkylating amines such as pyrrolidine, 
piperidine, morpholine, furfurylainine, and 2-amino- 
methyl-l,4-benzodioxane with the appropriate alkyl 
bromides, e.g., isoamyl bromide 2-bromo-6-methyl- 
heptane, arid 2-bromo-6-methylhept-5-ene. 

The preparation of alkyl bromides was achieved by 
the reduction of the corresponding methyl ketone with 
potassium borohydride to give the secondary alcohol. 
Subsequent bromination of the alcohol with phosphorus 
tribromide gave the bromide. 

The spasmolytic activity on isolated muscle tissue 
of the most active amines is listed in Table 11. Kone of 
the aiiiiiies tested were superior to either atropine or 
papaverine in spasmolytic activity. 

Experimental Section6 

Reduction of 6-Methylhept-5-en-2-one.-A solution of 16.2 g. 
(0.3 mole) of KBHa in 100 nil. of wat,er7 was added dropwise to a 
solution of 100 g. (0.8 mole) of 6-methylhept-s-en-2-onea in 200 
ml. of methanol. The addition was made slowly to keep the 
temperature below 40". After all the borohydride solution was 
added, the mixtiire was heated on  a steam bath for 2 hr. and then 
cooled in a n  ice bath. A 1: 1 solution of concentrated HC1 and 
water ( 2 5 0  ml.) was thpn added to the reaction and the mixture 
was allowed to s?parat,c. The aqueoiis layer was extracted with 
t h r w  100-ml. port ioiis of ether arid th? combined organic layers 
m-ere dried (Sa~C08) .  L)isiillation of the combined organic 
layers yielded 80 g. of 6-methylhept-3-eii-2-o1, b.p. 76-78" (11 
mm.). 

Anal. Calcd. for C,HlsO: C, 74.94; H, 12.58. Found: C, 
75.11. 74.S9; H,  1 2 . 2 ,  12.48. 

Reduction of 6-Methylheptan-2-one.-A similar procedure as 
t,liat described above gave 757; of 6-niethylheptan-3-01, b.p. 74" 
(15 mm.). 

;Inal. Calcd. for C,HlaO: C, 73.7;;  H, 13.99, Foiuid: C, 
74.04, 74.38; H, 14.21, 14.51. 

Bromination of 6-Methylhept-5-en-2-ol.-A mixture of 117 g. 
(0.91 mole) of 6-niethylhept-5-en-2-01 and 35 g. (0.44 mole) of 
dry pyridine was cooled to -40" and kept a t  that temperature as 
147 g. (0.52 mole) of PBr3 was added dropx-ise over a period of 3 
hr. The mixture was allowed t o  stand overnight a t  room tem- 
perature and theu distilled under reduced pressure. A4 fraction 
boiling at  66-85' (17 mm.) vias washed with cold satiirated Ea- 
HC03 sohitioii and extracted with 200 nil. of ether. The extract 
was dried (Na:SO,) aiid distilled to yicld 134 g. of 2-hronio-6- 
methylhept-5-ene, b.p. 85-86' ( 2 i  mni.1, n% 1.4922, 

Annl .  Cslcd. for CSHl.,Br: C. 30.27;  H, 7.91; Br, 41.81. 
Foiund: C. 50.S4: H, 8.12: Br, 41.36. 

Bromination of 6-methylheptan-2-ol.-Phosphorus tribromide 
(380 g., 1.40 moles) was added over a period of 3 hr. to 1ii g. 

( 5 )  (a) J. Paris and J. Vanlerenherghe, Compt. rend. soc. biol., 146, 265 
(1950); (h) E. Sarini ,  Avch intern.  pharmacodyn. ,  82, 127 (1950). 

(6) Melting points were taken in a mineral oil bath a i t h  an  open capillary 
and are corrected. The authors are indehted to  l l r .  Sidney Alpert and his 
associates of the  Analytical section for carrying out the nitrogen (Dumas 
method) analyses. 

(T) Potassium borohydride solution was stabilized by the addition of a 
few drops of 1 S S a O H  solution. 

(8) Obtained from Gi\-audan-Delamanna, Inc.. I'liila., Pa. ,  as methyl- 
Iicutonone. 


