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'Y HC1. The mixture was refluxed fur I hr. ,  then diluted with 
100 nil. of water, cooled in an ice bath, arid made slightly alka- 
line with 0.1 AV S a O H  solution. Filter aid ( 3  g.) was stirred into 
the mixture and left for 0.5 hr. The precipitate was collected 
and washed well with water. The filter cake was then extracted 
with five 40-nil. portions of boiling ethanol. The alcohol was 
removed in vacuo and the yellow residue was recrystallized from 
aqueous ethanol; yield, 0.62 g. (93%); m.p. above 300" (der.): 
A,,,, 2.95-3.60 (broad OH, S H ,  CH), 12.30 (p-C6H4), 12.80 p 
(C-Cl). See Table 111 for other data. 

2- { N- [ 1 -( 2-Amino-4-hydroxy-6-methyl-5-pyrimidyl)-3- 
propyl] -I-aniinophenyl] ethyl Chloromethyl Ketone (VIIIb).- 
A solution of 350 mg. (0.86 minole) of S V I b  in 25 nil. of 0.1 -Y 
aqueous HC1 was heated on a steam bath for 1 hr. The pH 
of the solution was then adjusted to 9 with 0.1 1V aqueous XaOH. 
The product, was collected on a filt'er, washed with 10 ml. of 
water, recrystallized from ethanol-water, and gave light yellow 
crystals; yield, 200 mg. (64%); m.p. >300°; A,,, 2.9Cb3.40 
(broad OH, S H ,  CH), 5.79 (C=O), no C-0-C band near 9.6 
p ;  240 mp ( e  12,700), 279 mp ( e  6800); A::; 217 mp ( e  12,800), 
266 mp ( e  i100). 

Other compounds prepared by a similar hydrolysis are listed 
in Table 111 under method F. 

2-Amino-5-( p-n-butylanilinopropyl)-6-methyl-4-pyrimidinol 
(XVIII).-A solution of 1.49 g. (10 mmoles) of p-n-butylanilinele 
and 2.23 g. (10 mmoles) of I in 100 nil. of methanol was allowed 
to react for 30 min. With magnetic stirring 2 g. of sodium boro- 
hydride was added in portions over a period of 30 min. After 
being stirred overnight, 20 ml. of ST aqueous NaOH was added 
and the methanol was removed zn z ~ u c m .  The solution was 
diluted with 100 nil. of water and the pH was adjusted to  9 with 
5% HCI. The precipitated product was collected and recrystal- 
lized from methanol-water; yield, 2.3 g. ( 7 3 5 ) ;  m.p. 223-225"; 
A,,, 2.90-3.60 (broad OH, XH, CH), 6.17, 6.58 (KH, C=K, 
C=C), 12.38 p (CsH,-); 265 mp ( E  9300); 240 m p  
( E  15,600), 291 mp ( E  6300); Az:x'3 240 mp ( e  17,200), 280 mp 
i E 79001. 
' Anal: 
Found: C, 68.5; H, 8.50; S, 17.7. 

Calcd. for C18H2eN40: C, 68.8; H, 8.33; N, 17.8. 

(16)  R.  R .  Read and D. 13. lfull in,  .I. A m .  C h ~ m .  S o r . ,  SO, 1763 (1928). 

Synthesis of Fatty Acids with Smooth Muscle Stimulant Activity 
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12-Hydroxyheptadec-trans-10-enoic acid has been synthesized bv reduction of the corresponding acetylenic 
derivative -7th lithium in liquid ammonia a t  room temperature after pretreatment with lithium hydride to avoid 
hydrogenolysis. This acid, which represents a fragment of a prostaglandin, has been found to be three times as 
active as ricinelaidic arid in stimulating the isolated hamster colon. Homologs and other derivatives, including 
some containing an additional 6-oxo or 6-hydroxy group, have been synthesized and their activity has been de- 
termined. The hydroxyacetylenic acids were synthesized via chloroalkynols from alk-l-yn-3-01s and were 
converted into hydroxyouoacet?.lenic acids via reaction of the acid chlorides with cycloalkenamines. 

Interest has recently been renewed in the pharinaco- 
logical potentialities of fatty acids largely because of 
the elucidation of the nat'ure of the prostaglandins.2 
Consideration of the structure of prostaglandin E1 (1) 
and of the pharmacologically active acids, notably 
ricinelaidic acid (2), among those examined for smooth 
muscle stiiiiulant a ~ t ' i v i t y , ~ , ~  suggests that  coninion 
features may include a hydroxyl group a t  position 12 
and urisaturatioii or structural rigidit'y between posi- 
tions 8 and 11 in an unbranched aliphat'ic acid. 

C,H,,CHOHCH ~ C H  - u C ; C H > ) h C O ; H  

HO 
1 

CsHj,CHOHCH2CH=CH( CH?);CO,H 
2 

R CHOHC=C( CH2)nCOrH 
3 

Synthesis of acetylenic acids of type 3 was there- 
fore investigated. One previous example (3, R = 
C6H13; n = 6) has been reported,5 synthesized in 

t 

(1) School of Pharmacy, College of Technology, Park Road. Portsmouth, 

( 2 )  S. Bergstrnm, R. Ryliage, R. Samuelsson, and .J. Sjijvall, A c t a  Chem. 

( 3 )  N. Ambache, .I. Physiol .  (London), 146, 25.5 (1859); S. .\mbaclie, 

(4) M. S. Rlasri, I,. .I. Goldblatt, F. IleEds,  and G. 0. Koliler, .I. !'harm. 

(5) A. S. Bailey, V. G. Kendall, P. R. Liimb, .T. r. Smith, and C .  H. 

Hampshire. England. 

Scand., 16,501 (1962). 

M. Reynolds, and .J. AI. C. Whiting, ib id . ,  166, 261 (1963). 

Sci., SI, 899 (1962). 

\Valker, J .  Chem. Soc.. 3027 (1957). 

unstated yield by a route involving the reaction of 
heptanal with lithiuiii 8-chlorooctyne. From work with 
diniethylundecynaniide (described below) there was 
reason to  believe that higher alkynes niight be unre- 
active so the following route was examined. This was 
RCHO -+ RCHOHC=CH + RCHOPyC=CH + 

4 5 

RCHOHCEC(CH,)nCl+ RCHOHCSEC(CH~),CN + 
6 7 

KCHOHC=C( CH&C02Me -+ 
8 

C 

RCHOHCH=CH(CH2),C02Me 
9 

Py = 2-tetrahydropyranyl 

tested using the readily available hexynol (4, R = 

C3H7) to give the ester (8, R = C3H7; n = 6). Dif- 
ficulties arose when the route was extended to  use oct- 
1-yn-3-01 (4, R = CsHlx). This had been previously 
prepared6 by selenium dioxide oxidation of 1-octyne. 
This method is unsuitable for large-scale preparation 
so the familiar reaction of sodiuni acetylide with an 
aldehyde was used. However, it mas found that with 
hexanal, particularly commercial samples, the yield 
and purity of octynol was veiy variable and frequently 
only higher boiling unsaturated hydroxy ketones were 
obtained. Similar difficulties were found with hep- 
tanal,7 or when ethynylniagnesiuni bromide was used. 

(6) R.  Truchet,  Compt. Tend., 196, 708 (1933). 
(7) L. Crombie, personal communication, 1963. 
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TABLE I 
HYDROXY USSATURATED ESTERS AND PRECURSORS 

X 
c=c 
c=c 
C-c 
C=C 
c-c 
czc 
c=c 
C E C  
C-C 
C S C  
C=C 
C H ~ C H  
C H ~ C H  
C H ~ C H  
CH&H 
CH&H 
CH&H 

n 

3 
6 
10 
3 
8 
3 
6 
10 
3 
8 
9 
3 
8 
0 
3 
3 
8 

I' 
c1 
c1 
c1 
c1 
C1 
C02Me 
C0231e 
C021\Ie 
C02;\Ie 
C02Me 
C02Me 
C021\Ie 
COJIe 
COJle 
COJIe 
COJfe 
CO21\Ie 

B.p., O C .  

80 
120-121 
155-156 
111 
135-137 
94-95 
121-122 
158 
130 
151 
164-166 
80-82 
158 
152 
83-84 
124-126 
142-144 

mm. 

0.25 
0.8 
0.45 
0.5 
0.2 
0.2 
0.3 
0.1 
0.8 
0.35 
0.35 
0.1 
0.5 
0.2 
0.1 
0.6 
0.15 

Increase of the polymethylene chain froni 8 to 9 re- 
duced the activity to  below one-hundredth. 

Experimental18 
Oct-1-yn-3-01. A.-Sodium (about 0.5 g.) was dissolved in 

liquid ammonia (1 1.) and a few crystals of ferric nitrate were 
added. The blue solution turned to a gray suspension of 
sodamide. Sodium (20 g.) was added in pieces over 2 hr. 
Acetylene was passed through the suspension at  1 1. min.? for 
3 hr., the flow rate was then halved, and dry redistilled hexanal 
(50 g., 0.5 mole) in dry ether (100 nil.) was added over 1.5 hr. 
The mixture was left for 16 hr. Ammonium chloride (50 g.) 
was added, the ammonia was allowed to  evaporate, and the 
residue was treated with saturated XH4C1 and ether. The or- 
ganic layer was dried ( SazS04),  concentrated, and distilled to 
give 26.5 g. (427,) of an oil, b.p. 44-47' (1 mm.). 

B.-A similar procedure using sodium (46 g.) and hexanal- 
bisulfite19 (258 g.) gave on distillation 104 g. (66%) of an oil, 
b.p. 87-89' (21 mni.); n Z 5 ~  1.4398; v,,,3400, 3300, 2120cm.-'. 

Anal. Calcd. for C8H140: C, 76.1; H, 11.2. Found: C, 
75.8; H, 11.1. 

C.-Ethynylmagnesium bromide was preparedZO from bromo- 
ethane (176 g.) in dry tetrahydrofuran (1680 ml.), cooled in ice, 
and dry redistilled hexanal (154 g.) was added dropwise. The 
mixture was left a t  room temperature for 18 hr., decomposed 
with saturated NH4C1, and extracted with ether. This was 
dried and concentrated to give an oil (180 g.) which was distilled 
to give 79 g. (407,) of an oil, b.p. 75-85' (10 mm.). 

2 4  Hex-1-yn-3-y1oxy)tetrahydropyran (4, R = C3H7).-Hex- 
1-yn-3-01 (22 ml., 0.2 mole) and dihydropyran (18 ml., 0.2 mole) 
were mixed and Concentrated HC1 (4 drops) was added. The 
mixture was allowed to become warm and was then kept for 16 
hr. It was then rapidly diluted with ether, washed with satu- 
rated NaHC03, dried ( Na2S04), concentrated, and distilled to 
give 30.3 g. (84%) of an oil, b.p. 88-92" (8 mm.), redistilled b.p. 
95" (10 mm.); vmaX 3300,2120,970 cm.-'. 

Anal. Calcd. for CllH1802: C, 72.5; H, 10.0. Found: C, 
72.7; H,9.9. 

Similarly prepared was 2-( hept-1-yn-3-y1oxy)tetrahydropyran 
(4, R = CdHs), b.p. 110-112" (10 mm.). 

Anal. Calcd. for C12Hz002: C, 73.4; H, 10.3. Found: C, 
73.4; H, 10.2. 

2-(Oct-l-yn-3-yloxy)tetrahydropyran (4, R = CoHll), b.p. 74' 
(0.5 mm.), was also prepared. 

(18) All distillations were carried out under nitrogen. Infrared absorp- 
tion was determined for thin films unless otherwise stated,  using Model 
137 Infracord. 

119) G. B. Bachman, "Organic Syntheses," Coll. Vol. 11, John JViley and 
Sons. Inc.. New York. N. Y.. 1943. D. 323. 

(20) E. R. H. .Tones, L. Skattebol, and M. C. Whiting, J .  Chem. Soc., 
4765 (1956). 

- %  ca1cd.--. 
H 
8.4 
9.7 
10.9 
9.5 
10.7 
9.2 
10.0 
11.0 
9.8 
10.9 
11.0 
10.0 
11.5 
11.6 

--- ----yo found--- 
c 1  C H c 1  

20.3 62.5 8.6 20.3 
16.3 66.2 9.7 16.4 
12.4 70.2 10.8 13.5 
17.5 65.1 9.3 17.6 
13.0 69.7 11.1 13.3 

66.9 9.4 
70.1 10.1 
73.7 11.0 
69.4 9.9 
73.1 11.0 
73.8 11.3 
65.8 10.1 
72.3 11.6 
73.6 11.5 

Anal. Calcd. for C13H2202: C, 74.2; H, 10.5. Found: C, 
74.3; H, 10.5. 

Chloroalkynols (6).-1n dry distilled liquid ammonia (500 ml.), 
lithium (1.55 g., 0.22 g.-atom) was converted to  lithium amide, 
and the alkynyloxytetrahydropyran (0.2 mole) added over 45 min. 
The black suspension was stirred for 45 min. and a-chloro- 
w-iodoalkane or a-chloro-w-bronioalkane (0.21 mole) added over 
15 min. The mixture was stirred for 3 hr., the ammonia was 
allowed to evaporate overnight, and the residue was treated with 
water and extracted with ether. This was dried (Sa?S04) and 
concentrated to give an oil which was dissolved in methanol (500 
ml.), water (50 ml.), and concentrated HCl(50 ml.). The solution 
was kept a t  reflux for 3 hr., cooled, diluted, and extracted with 
ether. This was washed with saturated SaHC03,  dried (Xa2- 
SO4), concentrated, and distilled; yield 70-807,; vmax 3400, 2230 
cm.-l. In this way the chlorides in Table I were prepared. 

Hydroxyalkynonitriles (7).-A solution of the chloroalkynol 
(0.19 mole) and dry sodium iodide (30 g., 0.2 mole) in dry acetone 
(250 ml.) was kept a t  reflux for 5 hr. and then concentrated, 
treated with water, and extracted with ether. This was washed 
with water, dried (?;anSO& and concentrated to give an oil 
which was dissolved in ethanol (150 ml.) and water (30 nil.), 
and potassium cyanide (26 g., 0.4 mole) was added. The niix- 
ture was stirred a t  reflux for 42 hr. under nitrogen and then 
cooled, diluted with water, and extracted with ether which was 
dried (Na2SOd), concentrated, and distilled; yield 70-80% ; 
vmsx 3450, 2150 cm.-l. &lost of the nitriles thus prepared were 
not distilled and were used without further purification, but 10- 
hydroxytridec-8-ynonitrile (7, R = C3Hi; n = 6), b.p. 134-138' 
(0.5 mm.), was isolated. 

Anal. Calcd. for C13H21Ko: C, 75.4; H, 10.1; S, 6.8. 
Found: C, 75.5; H, 10.3; N, 7.0. 

7-Hydroxydec-5-ynonitrile (7, R = C3H7; n = 6), b.p. 110- 
114" (0.35 mm.), was also isolated. 

Anal. Found: 
C, 72.6; H, 9.1; N, 8.7. 

Methyl Hydroxyalkynoates (8).-A solution of the nitrile 
(0.2 mole) and KOH (17 g.) in ethanol (100 nil.) and water (30 
ml.) was kept a t  reflux for 64 hr. under nitrogen and then cooled, 
diluted with water, extracted with ether, made acidic with 
2 N HC1 (250 ml.), and extracted with ether. This was dried 
(NasSO4) and concentrated to give an oil which was dissolved 
in methanol (60 ml.), and boron trifluoride (60% in methanol) 
(15 ml.) was added. The solution was kept a t  reflux under 
nitrogen for 1 hr. and then cooled, diluted with water, and ex- 
tracted with ether. This was washed with saturated NaHC03, 
dried (NazS04), concentrated, and distilled; yield iO-8UFc ; 
vmax 3450, 2230, 1740 em.-'. In this way the acetylenic esters in 
Table I were prepared. Sometimes diazomethane was used for 
esterification. 

Methyl Hydroxyalk-cis-enoates (I)).-The acetylenic ester 
was dissolved in hexane (distilled from Raney nickel), Lindlarzl 

Calcd. for CloH15NO: C, 72.7; H, 9.1; X, 8.5. 

(21) H. Lindlar, Helv.  Chim.  Acta, SS, 446 (1952). 
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coriceiitrated, and dist,illed tu give 28.6 g. (68‘:;) of an oil, b.p. Anal .  Calcd. for CIIH&: C!, 71.7; H, 10.9. Found: C, 

A n d .  Calcd. for C!,HI,O: C, 76.0; H, 12.8. Found: C, Acknowledgments.-We are grateful to Professor 
L. Crombie for helpful discussions, t,o 3Ir. I. H. XI. The acetate of  this alcohol, prepared using acetic anhydride in 

~,:>d I , , ~ ,  5)2 -04~  (l;< l ~ l l l , ~ ~ ;  Brn,is 1740, 1 ~ 7 ~ ,  1210, 965 JIain for determination of biological activities and to 
Cynthia E. Coleman for t8echiiical assistance. 

57-89” (12 nini.); Y , , , ~ ~  3400, 96.5 cm.- l .  71.9; H, 11.1. 

T6.4; H, 12.6. 

on1. -1, 

Hypocholesterolemic Agents. V . I a  Isomeric Azacholesterols“ 

R. E. COUSSELL,’~ P. D. KLI~ISTRA, L. Tu’. KYSTEL), AND R. E. RAKNEY 

Divisions of Chemical and Biological Research, G .  D. Searle and Company,  Chicago, Illinois 60680 

Received z4ugwst 5, 1964 

The potent hypocholesterolemic activity of certain diaaa analogs of cholesterol prompted the synthesis of a 
aeries of cholesterol isosteres having only one nitrogen atom in the side chain. The hypocholesterolemic activity 
of these isomers was examined and certain rationalizations regarding structure and activity were presented. 

One approach to the development of hypocholes- 
terolemic agents has been the synthesis of compounds 
which will inhibit the endogenous synthesis of choles- 
terol. In  this connection, investigations by several 
groups2 have demonstrated that feeding cholesterol to 
laboratory animals promptly suppresses hepatic choles- 
terol synthesis. JLore recently, this negative feed- 
back control of cholesterogenesis was found to be opera- 
t ive in man as well. 

from these laboratories de- 
scribed various diaza analogs of cholesterol which were 
synthesized as part of a program aimed a t  finding sub- 
stances which would simulate cholesterol in the feed- 
back mechanism. I n  these studies 20,2e5-diazacholes- 
terol (X) was noted to be an extremely potent inhibitor 
of cholesterol syiithesis in laboratory animak5 Sub- 
sequent clinical studies with this agent confirmed the 
high order of hypocholesterolemic activity in humans6 

Additional structure-activity relationship studies 
with the diazacholesterols tended to support the con- 
tention that these compounds were suppressing choles- 
terol synthesis in a “cholesteromimetic” f a s h i ~ n . ~ ? ~  For 
example, replacing the isosteric dimethylamino end 
group with bulkier substituted amines markedly re- 
duced the hypocholesterolemic activity. Lengthening 
the side chain by inserting one methylene group between 
the nitrogen atoms produced a similar effect. Shorten- 
ing the side chain by one methylene group, homver,  
produced little change in activity. These results im- 
plied that a receptor site with dimensions specific for 
cholesterol was involved and one must have an accurate 
fit of the substrate in order to get mavimum activity. 

Previous publications* 

(1) (a) Paper IT. R. E. Counsell and P. D. Klimstra, J .  Iced. Chem., 
7 ,  119 (1964). (b)  Presented in par t  before the Dirision of Medicinal 
Chemistry, 148th Sa t iona l  Xeet ine  of the 4merican Chemical Societ) 
Chicago, Ill., i ug t i s t  1964. (c) To  whom inquiries should be addressed 
Laboratory of .\Iedicinal Chemistry College of Pliarmac), Uni\ ersity of 
hlichipan. Ann krbor, RIich. 

(2) R. G. Gould and C. B. Taylor, Federatton Proc.. 9, 179 (1950), G 
11 Tomkins H. Sheppard and I L. Chaikoff, J Bad. Chem., 201, 137 
(1953). I. D. Frant i ,  Jr., H. S. Cchneider. and B. T. Hinkelman, zhtd. 
206, 465 (1954). 

(3) E P Afadliaxa Bliattatliiiy and \1 D. Siperstein, .I. Clzn. I m e s t . ,  

(4) R. E Counsell, P. D. I<limstra, R. E. Rannes,  and D L. Cook, J 

( 5 )  R E. Counsell, P. D Klimstra and R. E. Ranne,, z h z d ,  5, 1221 

(6) 1 \l Mar t t  and C R. Talhert, Czrczilatzon, 28, 763 (1967) 

44,1613 (1963). 

Med Pharm. Chem., 6 ,  720 (1962). 

(1962). 

hccordingly, any structural change which tended to im- 
pede adsorption of the substrate molecule a t  the re- 
ceptor site, produced a corresponding decrease in the 
hypocholesterolemic activity . 

In  an effort to obtain further insight as to the mode of 
action of these compounds, a series of cholesterol iso- 
steres having only one nitrogen atom in the side chain 
was synthesized and biologically evaluated. Because 
of the disposition of the nitrogen atoms in the diaza- 
cholesterols described above, it was possible that these 
substances were exerting their hypocholesterolemic ac- 
tion via an intramolecular metal-chelating process 
which would tie up certain trace metals essential for 
cholesterol biosynthesis. Such a mechanism \vas pro- 
posed by Curran’ to explain the inhibitory action of 8- 
quinolinol. The azacholesterols, on the other hand, 
would be incapable of acting in this manner. In  addi- 
tion, it was hoped that the study of the isomeric aza- 
cholesterols would provide further information regard- 
ing the electrical and topographical features of the re- 
ceptor site. 

20-Azacholesterol (IIIb,  S-isohexyl-S-methyl-lip- 
aminoandrost-Z-en-3p-ol) was readily obtained in 
several stcps from 3,3-acetoxyandrost-3-en-li-one (I). 
Condensation of I with isohexylamine in the presence 
of a catalytic amount of p-toluenesulfonic acid gave the 
expected 17-imine (11) as an oil. Reduction of I1 with 
lithium aluminum hydride afforded the corresponding 
amine (IIIa) which was methylated under Eschwiler- 
Clarke conditionss to give IIIb.  Infrared and n.m.r.9 
analysis of the product clearly showed the characteristic 
absorption band for the N-methyl group a t  3.6 and 
128 c.p.s.,I1 respectively. 

Surprisingly, several attempts to carry out a Leuckart 
reductive amination of I with isohexylamine were un- 
successful. This was in marked contrast with the ease 

(7) G. L. Curran, Proc. Soc. Ezzptl. Bid. .Wed., 88, 101 (1955). 
(8) 31. L. Moore, Org. Reactions, 5, 301 (1949). 
(9) The  n.m.r. spectrum was obtained in deuteriochloroform with a 

Varian 1-60  spectrometer and is reported in C.P.S. downfield from tetra- 
methylsilane wliich was used as the internal standard. 

(10) K. Nakaniski, “Infrared Absorption Spectroscopy,” Holden-Day, 
Inc., San Francisco, Calif., 1962, p. 40. 

( 1 1 )  L. hI. Jackman, “Application of Xticlear Magnetic Resonance 
Spectroscopy in Organic Chemistry,” Peraamon Press, Kew York, N. T., 
1859,  p. 56. 


