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TABLE I 
PROPERTIES OF cis-9, IO-EPOXYOCTADECANE ASD ITS INTERMEDIATES 

Compound 
B.P., M.P.,a F.P.,a Iodine Values 

O C. /Mm. "C. "C. Calcd. Found n 't 
- Oleyl alcoholb 184-187/4.5 - - 94.8 93.5 1,4590 

Oleyl tosylate - - - 30 60.2 59 .7  I .  4904 1.4866 
cis-9,lO-Octadecene 109/0.1 - -3jC 100.8 99.0 1.4448' 1.4410 
cis-9,lO-Epoxyocta- - 22-23d 22 0 .0  O.Se 1.4432 1.4395 

decane 

a Uncorrected. Contains 2% trans by infrared absorption8 and 1-4% saturates (from iodine values). Reported by 
Elsner and Paul7 to be -30.5' and 1.4450, respectively. Reported by Boeseken and Belinfante2 to be -15" and 1.4483 at  
20", respectively. Reported by Boeseken and Belinfantea to be 0'. e Trace of trans olefin (determined by infrared analysis). 

stream of nitrogen. The resulting tosylate (iodine value 54- 
57) was poured into three times its volume of diethyl ether 
and was refrigerated overnight. A white precipitate (m.p. 
115-117', 2.677, K, 7.01% S, water soluble), possibly the 
octadecenyl yyridinium complex of p-toluenesulfonic acid, 
was filtered out. (The presence of pyridine hinders the 
precipitation.) When the ether was removed, the yield of 
oleyl tosylate was 65%. Iodine value 59.7 (calcd. 60.2), naJ 
1.4904. 

Anal. Calcd. for C ~ ~ H ~ P O ~ S :  C, 71.04; H, 10.02; S, 7.59. 
Found: C, 68.21; H, 9.22; S, 7.15. 

Cleavage ofoleyl tosylate. A solution of 8.4 g. (0.02 mole) of 
oleyl tosylati: dissolved in GO ml. of distilled tetrahydro- 
furan (dried over sodium) was added in 1 hr. to  a vigorously 
stirred, refluxing mixture of 1.2 g. of LiBlH, in 100 ml. of 
tetrahydrofuran. Agitation and refluxing were continued 
for a total of 10 hr. At the end of 5 and 7 hr., respectively, 
additional 0 3-g. portions of LiAlH4 were added. This 
maneuver improved the yield of octadecene considerably. 
During the reflux period the refractive index of the oil 
(after the solvent from a 5 nil. sample had been evaporated) 
was observed to drop from 1.4904 to 1.4455 at  25". Longer 
refluxing did not lower the refractive index. 

Excess Li;1IH( was decomposed in the usual manner with 
ethyl acetate, metallic complexes were decomposed with 
dilute HCl, and the organic laver was extracted with ether 
and separated. The ethereal layer was washed with cold 
water until acid free, dried over CaSO1, and the solvents 
distilled off. The crude yield of cis-9,lO-octadecene was 5.0 g. 

Some purification was achieved by adsorption of the crude 
oil on a column of activated alumina and elution with diethvl 
ether. On removal of the ether from the eluate, 4.6 g. (92y0 
recovery) of (colorless oil was obtained which had an iodine 
value of 96.5 (calcd. 100.8), n*: 1.4452. A second alumina 
treatment raised the iodine value to 98.5 and lowered the 
refractive index to 1.4448 without loss in yield. 

Anal. Calcd. for ClsH2s: C, 85.63; H, 14.37. Found: 

(100% ). 

C, 85.81; H, 13.96. 
On a larger scale. 168.8 a. (0.4 mole) of olevl tosvlate 

were reducid by the same method and'purified by distil- 
lation to  give an 85% yield of 98.6% pure cis-9,lO-octa- 
decene, ng 1.4410, b.p. 109O/0.1 mm., iodine value 99.0. 

Epoxidation to  cis-9,10-epoxyoctadecane. The procedure of 
Findley, Swern, and Scanlans for the epoxidation of un- 
saturated fatty materials with peracetic acid was employed. 
The yield of cis-9. lo-eDoxvoctadecane was 82%. m.u. 

1 - 1  ~ 

(uncoir.) 22-23', ne 1.4395: 

5.96. Found: C, 80.43; H, 13.22; Oxirane 0,9 5.86. 
Anal. Calcd. for CI8H&: C, 80.52; H, 13.52; Oxirane 0, 

(7)  B. B. Elmer and P. F. M. Paul, J. Chem. Soc., 3156 

(8) T.  W Findley, D. Swern, and J. T. Scanlan, J .  Am. 

(9) A. J. Diirbetaki, Anal. Chem., 28, 2000 (1956). 

(1953). 

Chem. SOC., 67, 412 (1945). 
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Succinylcholine iodide (In) ~ a neuroinuscular 
blocking agent, exhibits a depolarizing action a t  
the myoneural junction, which cannot be antago- 
nized by cholinesterase inhibitors. It has been re- 
ported2 

[CHZCO~CH~CHZN +( CHa)pRX-] 2 

Ia, R = CH3, X- = I- Ib, R = p-nitrobenzyl, 
X- = Br- that the related compound, Ib, exhibits 
a nondepolarizing action similar to that of the 
naturally occurring (+)-tubocurarine, which can 
be antagonized by cholinesterase inhibitors. The 
reversal of physiological action observed with I b  
was attributed to the added bulk placed at the 
nitrogen centers of Ib. 

In the present inrestigation compounds related 
to succinylcholine iodide have been prepared. In  
one series, bulky groups were added a t  the nitro- 
gen atom (Table I, Formula I). In  a second series 
(Formula 11), the quaternary nitrogen was in- 
corporated in a ring system with two carbon atoms 
separating the nitrogen and oxygen atoms whereby 
the spacing between quaternary nitrogens, char- 
acteristic of many active iieuromuscular agents, 
vas  preserved. In a third series (Formula 111) 

(1) Taken in part from the Ph.D. thesis of Kenneth T. 
Mecklenborg. Present address, Research Laboratories, 
Standard Oil of Indiana, Whiting, Ind. 

(2) L. Randall, E. Giuliano, B. Kappell, and E. .411en, 
J Pharmacol. Exptl. Therap., 105, 16 (1952) 
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TABLE I 
COMPOUNDS RELATED TO SUCCINYLCHOLINE 

Derivatives of General Formula [ CHZCO2CH2CHz?i +( CH,)ZRX-]Z, I 

Com- 
pound 

No. R 
Pro- Calculated Found* 

X-  cedure M.P., "C C, % H, 70 C, % H, % 
1 
2a 
3 
4 
5b 
6 

8' 
- 
i 

9 

10 

11 

1 2  

1 :3 

14 

15 

16 

17d 
1 8e 

lge 

20f 

I A & B 206-209' 44 84 
Br A 221-222" ( d )  45.10 
Br -4 215-216" ( d )  41.20 
Br h 201-202" 53 34 
I A 197-198O(d) 51.28 
I ,4 180-181" 43.13 
I - ' 154-155" 27.92 
CI - 201-203" 

Derivatives of General Formula, [CHZCO~RIZ, I1 

I A 173-175 O 36.25 

I A 183-1 85 O 38.47 

I A 227-229" ( d )  46,68 

I B 189-191' 37.01 

I B 226-228' ( d )  34.55 

I B 191-192" ( d )  37.01 

5.50 
5.24 
4.44 
6.72 
5.32 
5 .13  
5 .08  

5.75 

6.13 

5.32 

3.79 

3.26 

3.79 

Derivatives of General Formula, -Y- [C02CHzCHzN +( CH,),X- 12, I11 
-Y- HTH CtH!I 

I A 193-195" 46.55 5.58 

c104 ,4 166-168' 50.38 6.04 

187-1 89 O 32.27 5.78 
161-163 O 50 15 6 29 

-CHzCH( CH8)- I *4 
-CH(CsHs)CHz ClOl A 

I 

CHzCH( Cp,Hb)- I 

7 1  
-CH( C2Hj)CHL h 171-172"O 38 24 6 74 

CHzCH( CzHD)- 
-CH( CzHj)CHZ I A 173-1'75 Oy$' 38 24 6 74 
----J 

CHZCH( C2Hb)- 

44 80 
44 91 
41 26 
53 24 
51 05 
43 59 
28 02 

36 32 

37 52 

46 56 

37 13 

34 55 

37 16 

46 88 

50 57 

32 48 
50 23 

38 36 

38 25 

5.37 
5.41 
4.73 
6.80 
5.72 
4.89 
5 24 

5.76 

6.45 

5.42 

3 87 

3.10 

3 79 

5.60 

6.13 

5 80 
6.32 

6 87 

0 61 

- 

* A11 malyses by Geller Laboratories, P. 0. Box 158, West Englewood, S. J. 
a Reported by Randall et al., ref. 2, but no details given. 1-(1odomethyl)naphthalene. Reported by I>. Bovet, F. Bovet- 

Sitti,  V. Longo, S. Guarine, and R. FUSCO, Arch.  intern.  phurmacodynamie, 88, 1 (1951), but no details given. % C1. Calcd., 
21.29. Starting acid was DL mixture. e Starting acid was racemic modification. 'Starting acid was meso modification. Mixed 
melting gave no depression. The stereochemistry of the isolated acid was not determined. Compounds 19 and 20 are probably 
identical. 5& N: Calcd., 4.46. Found, 4.38. % S:  Calcd., 4.46. Found, 4.43. 

hulky y roup~  \\ere added ill the :wid moiety tie- 
cause w c h  rompouiids hn1.e not heell studied 
by>temrltically hut alho becxube of the known re- 
tarding effect on hydrolysis of ester3 containing 
alpha (especially ethyl) substituents. 3 

(3) YI. S. Keivman, "Steric Effects in Organic Chemis- 
trr," C11:tp. 4, John Wilw & Sons, New York, 1956. 

~ _ _  

11o.t of the preparations tt ere (wried out ac- 
cwrdiiig to the three step procedurei of cwiidcniiiig 
the dibasic acid chlorides with tn o niolr+ of the 
amino ~~lcohol and converting thr tm4c ester5 t o  
their bis-quaternary salts. The preparation of the 

(4) R. Fusco, G. Palazzo, 6 .  Chiavarelli, and L). Bovet, 
O~YY. Chirv. Itnl., 79, 129 (1949). 
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final quaternary through this series of reactions is 
hereafter denoted as Procedure A. 

With easily hydrolyzable esters contact with 
alkali was avoided and the amino alcohols were 
esterified in the form of their quaternized salts 
(Procedure B, compounds 13 and 14). 

Acknowledgment. The authors wish to thank the 
Wm. S. Merrell Co. for a generous fellowship 
which made this work possible. 
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Sczds. p-Truxinic acid u as prepared according to Bern- 
stein and Quimby5~6 in a 14% yield, m.p. 206-209". DL-&- 
Methylsuccinic arid, m.p. 11 1 O ,  racemic-2,5-diethyladipic 
acid, m.p. 68-69', meso-2,5-diethyladipic acid, m.p. 136- 
137O, and racemzc-2,5-diphenyIadipic acid, m.p. 207-208' 
were a gift of the U S.I. division of Xational Distillers and 
Chemicals C'o. 
Acid chlorides. Succinyl chloride was Eastman Kodak 

2281. The adipyl chlorides mere prepared from the cor- 
responding acid and thionyl chloride. The remaining acid 
chlorides wwe prepared from the acid and phosphorous 
pentachloride. No attempt was made to isolate and purify 
the acid chloride 

Amino alcohols. 2-Dimethylaminoethanol mas a redistilled 
Dow sampk, bTjo mm 134-135'. 2-A'-Methylanilinoethanol 
was Eastmm Kodak 3709. 3-Hydrouypyridine and 2- 
pyridinemethanol were obtained from Sapon Laboratories. 
Other amino alcohols were prepared by known procedures 
from the commercially available amine and ethylene chloro- 
hydrin. 

Procedure A .  TR o moles of the amino alcohol were added 
dropwise ni th  agitation to a chilled ether solution of one 
mole of acid chloride. The precipitate was dissolved in water, 
the aqueous solution was saturated with sodium chloride 
and made slrongly alkaline, and the alkaline solution wap 
then extracted with ether. The ether extracts were dried 
over Drierite and were treated with excess organic halide. 
The produci was usually crystallized from methanol ether 
or methanol ethyl acetate to yield a sample suitable for 
pharmacological assay. Over-all vields amounted to 5-10%, 
No attempt was made to optimize the yields. 

Procedure B. The amino alcohol was allowed to react with 
excess organic halide, in ether or acetone. The product was 
isolated and purified. Two moles of the quaternary salt 
were combined with one mole of succinyl chloride in toluene 
and refluxed until the evolution of hydrogen chloride had 
almost ceawd. Although the system was heterogeneous, 
the reaction proceeded a t  a reasonable rate a t  the reflux 
temperature of toluene. The product was crystallized from 
methanol ether or methanol ethyl acetate to yield an 
analytical sample. In  the case of compounds 13 and 14, 
purification %as hampered by apparent decomposition in 
air or light. Over-all yields were about the same as secured 
by Procedure A. 

Zodides. I11 those cases where a chloride was used for 
quaternization (compounds I, 5,  and 12), the product was 
converted to the iodide by treatment lyith an acetone solu- 
tion of sodium iodide. 

Perchloratm. The crude iodide was dissolved in a minimal 
amount of \rater and treated with 70y0 perchloric acid drop- 
wise until precipitation was complete. The product was 
crystallized i'rom methanol ether. 

The pharmacology of all these compounds is being ey- 
amined by the Wm. S. Merrell Co. 

(5) H. I. Bernstcin and W. C. Quimby, J .lm. ('hem. 

(6) E. H. White and H. C. Dunathan, J. Am. Chem. SOC., 
Soc., 65, 1845 (1943). 

78, 6055 (1956). 
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In  general, phenols react readily with formal- 
dehyde in the presence of both alkaline and acidic 
catalysts, producing a variety of substances ranging 
from simple methylene derivatives to complex 
resins. Very little seems to  be known about the 
action of formaldehyde on alkyl hydroxynaphthyl 
ketones in an acidic medium. 

We have investigated the condensation of para- 
formaldehyde with 2-acetyl-1-naphthol (Ia),2 2- 
propionyl-1-naphthol (lb) a and 2-butyryl-1-naph- 
tho1 and found that almost quantitatively the 
3,3'-diacyl-4,4'-dihydroxydinaphthylmethanes IIa- 
IIc were formed. 

OH 

OH 

I C0.R 
TI OH 

( I )  arid (11): 
(a) R = CHJ 
(b) R = CHg.CH3 
(e) R = CH2.CH2,CHa 

IIa  gave diacetyl and dibenzoyl derivatives and a 
color reaction with ferric ch1oride.j The dioxime 
of I I b  was prepared. The fact that 2-acetyl-4- 
bromo-1-naphthol6 (111) does not condense with 

(1) Part. I: A. Schonberg, A. Mustafa, and A. Shalaby, 

(2) E. J. Chu, Z. Shen, T. Chien, a r i d  T. S. Tuan,./-. Am. 

( 3 )  C. $1, Brpwster and C:.  G. JVattcrs, .1. , i v i ,  ( ' h n t / .  Soc., 

(4) Yuoh Fong Chi, J .  Ani. ('hrnc. Soc., 61, 2487 (1099). 
( 5 )  The tests with ferric chloride mentioned in this 

paper wvrre carried out by adding it few d r o p  of an aqueous 
ferric chloride solution to the alcoholic solution of t.he sub- 
stance to be investigated. 

(6) M. Akram, R. D. Desai, and Ahmacl Kamal, Proc. 
Zndian Acad. Sei., 11A, 139 (1940). 

J .  Ana. Chem. Soc., 77, 5756 (1955). 

Ch>em. Soc., 66, 653 (1944). 

64, 2578 (1942). 


