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the transoid and cisoid fornis of the parent system, were 
prepared and their activities were found to be weaker 
than acetylcholine in muscarinic and nicotinic assays, 
with 3 being more potent than 4. 

The validity of this comparison appears doubtful in 
the light of the disparity of skeletal arrangement of 
atoms in the two molecules. 

Archer, et al., prepared cis- and trans-2-acetoxy- 
tropine niethiodides and found the cis compound to 
possess greater nicotinic activity arid the trans com- 
pound greater muscarinic activity.8 

In order to study steric requirenients on a more ex- 
acting conformational basis 3(a)-dimethylamino-Z(a)- 
acetoxy-trans-decalin methiodide (5), 3(a)-diniethyl- 
amino-2(e)-acetoxy-trans-decalin methiodide (6), 3(e)- 
diniet h ylanii no-2 (e) -acetoxy-trans-decalin met hochlo- 
ride (7), and 3 (e)-dimet hylaniino-2 (a)-acetoxy-trans- 
decalin methochloride (8) mere prepared and prelimi- 
nary biological testing was performed. 
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3(a)-Dimethylamin o-2(a) -ace t ox  y-t r ans-dec  a l in  
methiodide (5) \vas prepared from trans-decalin 2,3-oxide 
(9)9 by allowing it to react with excess anhydrous 
dimethylamine affording 3 (a)-diniethylamino-2 (a)-trans- 
decalol (10)'" which was converted to 5 in tm-o steps: 
acetylation and forniation of the quaternary salt with 
methyl iodide. The nnir spectrum of 5 showed mul- 

(CH3)2 

HN(CH3)2 t w o  - 5  steps 0 OH 
9 10 

tiplets a t  5.50 and 3.75 ppni with peak half-widths of 
8 and 10 cps, respectively, which are consistent with 
equatorial protons at C-2 and C-3. 

The addition of iodoisocyanate to trans-A2-octalin 
(11) afforded a route to 3(a)-diniethylamino-Z(e)-ace- 
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(8) S. Archer, .1. M. Lands, and T. R. Lewis, J .  Med. Pharm. Chem., 6 ,  
123 (1962). 

(9) \V. S. Johnson, 1'. J. Bauer, J. L. Margrave, RI. A. Grisch, L. H. Dre- 
ger, and W. N. Hubbard, J .  A m .  Chem. Soc., 83, 606 (1961). 

(10) (a) RI .  Tichg, J. SipoS, and J. Slcher, Collectton Czech. Chem. Commun. 
27, 290i (1562); (b) XI. P. Potin and R. Wylde, Bull. SOC. Chzm. France, 65 
(1962). 

toxy-trans-decalin methiodide (6). Addition of this 
pseudohalogen has been shown to occur in a trans man- 
ner." 

The intermediate iodoisncyanate was not isolated 
but subjected to methanolysis affording 12 in 50% yield 
from tmns-A2-octalin. Pyrolysis of 12 produced cis-syn- 
trans-decahydronaphth [2,3-d]oxazolin-2-one (13) in ex- 
cellent yield. Xlltaline hydrolysis of the carbamate 
afforded 3(a)-amino-t~ans-2 (e)-decalol (14) .lna 

Reductive methylation with fornialdehyde and formic 
acid, acetylation, and forniation of the quaternary salt 
with methyl iodide afforded 6. I ts  nnir spectrum 
showed multiplets at 5.G7 and 3.93 ppm with peak 
half-widths of 13 and 9 cps, respectively, which are 
consistent with equatorial and axial disposition of 
protons at  C-2 and (2-3, respectively. 

The successful synthesis of 3(e)-dimethylamino-2(e)- 
acetoxy-trans-decalin (7) was accomplished utilizing 
3 (e) -carboxy-tmns-Z (e j -decalol. l2  

The conversion of the carboxydecalol to its hydrazide 
was accomplished in excellent yield by the preparation 
of the methyl ester utilizing diazomethane, followed by 
treatment with hydrazine. h Curtius rearrangement 
provided 3 (e)-amino-2 (e)-trans-de~alol'~~ which was 
identical with an authentic sample.lZb Reductive meth- 
ylation with formaldehyde and formic acid, acetylation, 
and formation of the quaternary salt with methyl- 
iodide afforded a hygroscopic gum. The corresponding 
methochloride was prepared and its nmr spectrum 
confirmed the presence of 1 mole of water bound in the 
salt. Comparison of the integrated area of water before 
and after the addition of the sample (in D20) showed 
an increase in area corresponding to  two protons. 
,Ilultiplets at 5.27 and 3.88 ppm, each with peak half- 
widths of ca. 23 cps, indicated axial protons at  C-2 and 
C-3. 

Bromination of trans-2-decalone (15) provided 3(a)- 
bromo-trans-2-decalone (16). Comparison of the in- 
frared spectrum of the oil obtained with those of 3(e)- 
bromo- and 3 (a)-br~mo-trans-Z-decalone~~ confirmed 
axial introduction of the bromine atom. Treatment 
with anhydrous dimethylamine yielded an amino 
ketone 17, isolated as a picrate, which was converted 
to 3 (e j -dimethyl nniin o - 2 (a) - a c e t oxy - t r a n s - d e c a 1 in  
methochloride (8) in three steps. Catalytic hydrogena- 

mo Br2 wo HN(CH3)2, 

Br 
15 1 6  

17 

tion of the hydrochloride salt, of the amino ketone 17 
produced the hydrochloride salt of 3(e)-dimethylamino- 
2(a)-trans-decalol. The free amine was liberated, 
acetylated, and converted to its quaternary salt with 

(11) A. Hassner and C .  C. Heathcock, Tetrahedron Letters, 1125 (1964). 
(12) (a) J. Sicher, JI. Tichj.,  F. SipoB, RI.  Svoboda, and J. JonLB, Collection 

Czech. Chem. Commun. 29, 1561 (1964); (b) J. Sicher, private communication. 
(13) E. E. Smissman, T. L. Lemke, and 0. Kristiansen, J .  Am. Chem. Soc., 

88, 334 (1960). 
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AIUSCARINIC i~CTIVITIEh" 

_I.._.--. .. ( '< ) r l for i l , a~ i (J I~  . ... ICqiiipott.itt \Iolar concii l i ~ l i t i i \ ~  
Cornpd S *((;133):< OCOC'lla c(?nvil, #?i.1111 i l v : )  ~ , o t r i i ~ ' :  

5 *4xialb Axial 50 1 ,2 0 I O G  
6 hxialb Equatorial 500-1000 13-26 0 .  0on-o . 00ti 

Equatorialc Equatorial Illactive a t  1500 > ( 31 )" 
S Equatorialc Axial Innctive nt 1500 > ( 6 2  ) " . . .  

19 erylhro* coiifig 1.7 O.(JO 14 

Acetylcholine . , .  0.01 25 0,0084 100 

" 

20 threob config Cii 2 , :i 0 .  036 

chloride 
All assays were perforiried on guiiiea pig ileum suspended ill Tyrodes soliit,ioii. Alethoti was niotlified from E. J. ffnlaszek, It.  1 ). 

Bilriag, and C. G. Huggins, J .  Pharmncol. Ezptl. Therap., 138, 139 (1962). Iodides. Chloride>. The values iii parentheses iritli- 
pate that these rompounds were inactive at, these molar concentrations hiit, sinre higher conc.rutr:itioiis were not tried, no definite valiic: 
can be given. 
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TABLE I11 
ACETYLCHOLINESTERASE HYDROLYSIS IL~TEB" 

7- Conforination ____-- 
X+(CII3)1 OCOCllS 

Axial Axial 
Axial Equatorial 
Equatorial Equatorial 
Equatorial Xxial 

erythro config 
threo config 

0 

0 Assay conditions: reaction was started by adding enzyme solution t o  \ub\trste, 30 pl of etwvnie solri(ioti YYBY added lo  0 .3  1111 of 
substrated buffer solution: 0.1 31 XaC1, 0.01 31 MgClz, and 0.02 -11 phosphate huffer p1-I 6.60 4 0.05; fiii:il ziit)>trate conon, ! I . ! )  wnole~ /  
ml; enzyme protein concentration, 1.7 mg/ml. * About 20-30y0 inhibition bv product iiiider cwirdition\ employd, 

methyl iodide. The methochloride was prepared from 
its corresponding methoiodide salt utilizing a basir 
ion-exchange resin charged with chloride ion. Exaniina- 
tiori of the nnir spectrum of 8 confirmed the presence 
of 1 mole of mater bound on cryst>allization. AIultiplets 
at 5.78 and 3.80 ppm with peak half-widths of 9 aiid 18 
cps, respectively, are consistent with an equatorial 
proton at C-2 and an axial proton at C-3. 

In order to compare the biological action of :LI~ acyclic 
system, which lvould have definite preferred confornia- 
tions, to the rigid decalin system, threo- arid erythro- 
a!,@-dimethylacetylcholines (18) were prepared. 

Ethcr cis- or hns-2-butene was allowed to  react w t h  
HTH, :t coniniercial forni of caalriurn hypochlorite, to  
forin the chlorohydrin. This mas then corivertcd t o  

c I r ,COO('lT( CII,)CII( CH ?)S +K (C  1 1 3 ) 3  

18 

the oxide by treatment bvith potassium hydroxide.lJ 
Treatnieiit with dimethylamine gave the amino alcohol 
which was converted to the quaternary salt with methyl 
iodide and acetylated with acetic anhydride to form 
thc ester 18. The threo compound was obtained from 
tlic cis olefin; the erythro coriipourid from the trans 
olefin. There is ample documentation for the steric 
course of these reactions.l5'l6 

Infrared spectra of the amino alcohols in dilute carbon 
tetrachloride solution revealed that the compound 
derived from the trans oxide had a broad band in the 

(14) C .  I \\ ilson and I Lucrts J .  A m  Chem. Soc , 68, 2396 (1Y36) 
(15) 13 L. Eliel in "Steric Effects in Organic Chemistry," 1 2  S. Neuman,  

116) 1'. II Dlrhep, \VI J lrkett, and H J. Lucaz, J .  4 m  Chem Sor , 74, 
Ikl , John \Z iley and Sons, Inc , Neu Tork ,  K. P., 1965, Chapter 2. 

944 (1952). 

region 3400-3450 mi-' (hydrogen-bonded OH) arid :i 

sharp band at  :ipproximately 3623 c r ~ i - ~  (free OH) 
while the compound derived from the cis oxide did not 
exhibit the sharp. higher frcquency b : d .  This i h  

consistent with the observations of I<:Hu~w:L~~ on the 
infrared spectr:r of D;-rnetliylephcdriiic, pseudoephc- 
drine, arid related ~(JliipOuIldS :tiid c~onfiniis thc stcrco- 
selectivity of the oxide ring opc'nmg. 

Biological Results.- -Tablci I1 lists I he relative 
iiiuscarinic pot encay of c*onipouiids 5-8 111 tlio lruus- 
decalin s w i v  :uid 19 arid 20 in the cr,d-climcthyl:icetyl- 
choline systeni. 7':thle 111 gives the initial hydrolysis 
rates of the same conipouiids cmiipared to :tcsetylcholinc 

at(> whcn mbjevtccl to true acctylcholines- 
terase isohted from tlic c~lcc.1 ric organ of thc eel (Eler- 
f sophoms electricus) . I 8  

OAc OAc 

E RYTHRO 
19 

THREO 
2 0  
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the trans-diaxial analog 5, is the most active of the 
decalins prepared. This correlates well with the fact 
that the eryfhro isomer of the a$-dimethylacetylcholine 
would have a preferred conformation 19 in which the 
acetoxy and the quaternary head are staggered and 
would be expected to fit a transoid receptor more 
facilely than would the threo isomer conformation 20. 
In  the latter the system would tend to move away from 
a true staggered conformation for the functional groups. 

Since the steric relationship between the two polar 
groups is dictated by assuming that they must be a 
given distance apart in order to interact with a receptor, 
the stability differences between various rotaniers can 
be analyzed considering steric factors associated only 
with the nonreactive groups. 

If it is assumed that H is a small (S) group, CH, is 
medium (AI), and the polar groups are large (L), 
and the gauche interactions between substituents are 
evaluated, threo I becomes LL, 2LA1, 211S, SS, and 
threo I1 becomes LL, 2LS. 1111, 211s. According to 
11ateos and Cra111lg thwo I would be expected to be more 
stable. The two forms written for the erythro compound 
both give the 'ame results (LL, L11, LS, 1111, h1S, SS) 
which would be expected to be less stable than threo I .  

CH3 

I I 

CH3 OAc 

THREO I THREO II: 

H OAc 

ERYTHRO I ERYTHRO TC 

If the groups are required to be far apart at  the time 
of interaction with a receptor, the active rotaniers would 
be those indicated in 19 and 20. I n  this case, the 
eyythro compound is more stable than the threo (2L,\I, 

I n  the decalin system, 5 mould be expected to rep- 
resent a stabilized conformational model of 20. The 
activity of 5 is greater than 20 and this could be 
explained by the rigid conforniation existing in 5. 

It is obvious that interference from the excessive 
bulk of the decalin system could occur. However, since 
the decalin system 5 has greater activity than the threo 
isomer 20, it is proposed that the activity of 19 is 
greater than that of 20 because of the more stable 
staggered conforniation of the functional groups and 
greater than 5 because of diminished interaction of 
bulky alkyl functions which could diminish approach 
to the effector site. 

The hydrolysis rates utilizing true acetylcholinester- 
ase lead to the conclusion that the completely staggered 

2LS, 211s us. 2L11, 2LS, m!t, SS). 

( 1 Y )  .J. 1, 3la tew arid I ) .  ,J. Cram, ,I. . lm.  Clirm. S o c  , 81, 2756 ( l l l i 9 ) .  

conformation fits the degradation site best. As is 
noted in Table I11 the diaxial decalin system 5 is hy- 
drolyzed more rapidly than any of the other acetyl- 
choline analogs tested. However, the hydrolysis rate of 
the erythro isomer was negligible when compared to the 
threo isomer. This is postulated to be due to a hindrance 
of approach to the very specific enzyme surface by the 
methyl group on the carbon a to the quaternary nitro- 
gen. In  conformation 19 and in the decalin system 5 
both alkyl groups are on the same side of the molecule, 
whereas in coriformntion 20 the methyl groups are 
staggered. 

Work is presently under way in these laboratories 
designed to check the above hypothesis. The decalin 
system 5 with niethyl groups at  the 2, the 3, and at both 
the 2 and 3 carbons are being synthesized. In order 
to obtain a transoid system with the quaternary nitro- 
gen and acxetoxy function fixed in such a manner as to 
resemble the eyythro form 19 arid for coniparison to a 
similar c~ompound in the thrm series, the trans perhydro- 

0 

W - ! C H 3  CH; 'CH3 qZJPCH3 CH3 CH3 R 
21 2 2  

R = H,CH3(a), CH3(e) 

quinolines 21 and 22 are also being prepared. A defini- 
tive discussion of the biology will be the subject of a 
future publication. 

Experimental Section20 
trans-Decalin 2,3-0xide (9).-The procedure used is essentially 

that of Hibbert and Rurt.21 To a cold solution ( 0 " )  of 9.60 g 
(0.069 mole) of perbenzoic acid in 120 ml of chloroform22 was 
added cautiously 8.79 g (0.065 mole) of trans-A2-octaling (11 j 
in 30 ml of CHClt. The solution R-as maintained at  0" for 18 hr 
(after which time no peracid could be detected with NaI), then 
extracted with cold aqueous 5% NaOH solution, washed with 
water, and dried (RIgS04). The solvent was removed and the 
residual oil distilled affording 7.76 g (78.57,) of a colorlass liquid: 
bp 136" (>30 mm); n Z 2 ~  1.4828 [lit. bp 105' (21 mm), n% 
1.4835;O bp 92" (10 mm), n Z 4 ~  1.487223]; nmr (CDC13j, 6 3.23, 
3.18 (singlets, methine protons). 
3(a)-Dimethylamino-trans-2( a)-decalo1.-To a cold ( - 70") 

150-ml capacity steel autoclave chamber was added 7.0 g (0.046 
mole) of trans-decalin 2,3-oxide and 20.7 g (0.46 mole) of an- 
hydrous dimethylamine. The autoclave was sealed and heated 
at 100" for 4 hr. After cooling to -70" the autoclave was opened 
and the contents were removed. Excess dimethylamine was 
removed and distillation of the residue afforded 1.20 g of the 
btarting epoxide, bp 60-62" (0.2 mm). The residual oil crys- 
tallized slowly on -tanding affording 5.51 g (74pG) of the desired 
compound. The compound was recrystallized from petroleum 
ether (63-68"); mp 78.5-76.5' (lit. mp 74.5-75.5",10b 77.5- 
78.5z4,10a); infrared (CHCl,), 3.0 (broad), 3.45, 3.52, 3.63, 6.90, 

(20) Melting points were obtained on a calibrated Thomas-Hoover Uni- 
melt and are corrected. Infrared da ta  a e r e  recorded on Beckman IR5 and 
IR8 spectrophotometers. Kmr da ta  a e r e  recorded on a Tarian .%ssociates 
Model A-60 spectrophotometer using Si(CHa)r or 3-(trimetliylsilyl)-l-pro- 
panesulfonic acid sodium salt as internal standard. Gas chromatographic 
da ta  were obtained on F and M500 and 810 chromatographs. Microanalyses 
were conducted by Drs. G. Keiler and F. B. Strauss, Oxford, England. 
Huffman Microanalytical Laboratories, Kheatridge. Colo., and Alfred 
Bernhardt hlikroanalytisches Laboratorium, illax-Planck-Institut fur 
Kohlenforschung, Mulheim (Rnhr) ,  Germany. 

(21) H. Hihhert and P. Burt ,  "Organic Syntheses," Coll. Tol. I ,  John 
tyiley and Sons, Inc., New York, N. Y., 19-11, p 494. 

(22) D. Swern, O r g .  Reactions, 7 ,  378 (1953). 
(23) H. R .  IImbest,  hI. Smith, and .\. Tliomas, .I. C h r m .  Soc., 3293 (1958). 
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To a red suspension of potassium triphenylmethylide was 
added a 50% solution of trans-2-decalone in ether until the red 
color disappeared; 25.1 g (0.165 mole) of the ketone was utilized. 
The resulting suspension was poured over 300 g of Dry Ice and 
allowed to warm to 15'. Ether was added and the mixture was 
shaken with two portions of aqueous 10% NaOH solution which 
had been cooled to -9'. The combined alkaline extracts were 
washed with ether and cooled to freezing (ca. -9'). Ether was 
added and the mixture was carefully acidified with aqueous 10% 
HC1 cooled to -10'. The aqueous layer was extracted with 
an additional portion of ether; the combined ether extracts were 
dried l Ig(S04)  and the solvent was removed to yield 28.0 g 
(88%) of a pink solid, mp 100-105' dec. The crude P-keto acid 
was reduced without further purification. 

3(e)-Carboxy-trans-Z(e)-decalol.--To a solution of 14.0 g 
(0.071 mole) of crude 3(e)-carboxy-trans-2-decalone in 800 ml of 
2.5y0 aqueous Na2C08 solution was added 900 g of 3.37, sodium 
amalgam and the mixture allowed to stand for 3 days. The 
aqueous layer was decanted and aqueous 107, HC1 was added 
to destory excess sodium. The solution was made acidic with 
concentrated HCI, saturated with KaC1, and extracted with three 
portions of ether. The combined ether extracts were dried 
(llgSO4) and the solvent was removed affording 11.3 g (80%) of 
a slightly yellow solid which was crystallized from acetone; mp 
173-175" (lit.l*b 177.5-178'); mmp 175-177' with authentic 
20;29 infrared (KBr), 3.1 (broad), 3.42, 3.51, 3.7-4.1, 5.89, 6.93, 
7.14, 7.77, 8.05, 8.78, 9,11, 9.46, 9.54, 9.69, 9.80, 10.30, 10.70, 
11.12, 14.45 p, identical with authentic 2O,29 nmr (CF,COOH), 
6 4.30 (Wi/, = 24 cps, axial methine proton at  C-2), 2.7 (multiplet 
for one methine proton at  C-3, partially obscured by the decalin 
ring envelope). 

Anal. Calcd for CllH1803: C, 66.64; H, 9.15. Found: C, 
66.91; H, 9.17. 
3(e)-Carbomethoxy-trans-2(e)-decalol.-A solution of 1.50 g 

(7.7 mmoles) of 3(e)-carboxy-trans-2(e)-decalol in I50 ml of 50% 
ethanolic ether was treated with a solution of CH2S2, generated 
in ether, and diluted with an equal volume of alcohol, from 4.0 g 
(27.2 mnioles) of N-methyl-N-nitroso-N'-nitroguanidine (Aldrich 
Chemical Co., Inc., llilwaukee, Wis.). After 2 hr at room 
temperature aqueous 10% HC1 was added dropwiae to destroy 
excess diazomethane followed by anhydrous K2C03 to neutralize 
and dry the solution. The desiccant was removed by filtration 
affording a pale yellow oil in quantitative yield which was carried 
to the next reaction without further purification. 
3(e)-Carboxy-2(e)-trans-decalol Hydrazide.-The crude ester 

21, from 1.50 g (7.7 mmoles) of 3(e)-carboxy-trans-2(e)-decalol, 
was dissolved in 20 ml of a solution of equal volumes of toluene 
and absolute ethanol. Twenty-five drops (ca. 0.7 g) of anhydrous 
hydrazine was added and the solution was heated at reflux for 
12 hr. Precipitation of product occurred early in the course of 
the reaction. The mixture was cooled to 0" and filtered to give 
1.50 g (94%) of the desired compound, mp 263-265'. The 
compound was recrystallized from ethanol; infrared (KBr), 

Anal. Calcd for CllH20N202: C, 62.23; H, 9.50; N, 13.20. 
Found: C, 62.07; H, 9.46; N, 13.20. 

3(e)-Amino-trans-2(e)-decalol.-To a cold (5") solution of 
1.80 g (8.5 mmoles) of 3(e)-carboxy-trans-2( e)-decal01 hydrazide 
in a mixture of 70 ml of glacial acetic acid and 85 ml of aqueous 
47, HC1 was added 150 ml of ether. To this stirred, cold mixture 
was added over 20 min a solution of 2.0 g (29 mmoles) of NaNOz 
in 15 ml of water. Following the addition, the mixture was 
stirred for 20 min, then partitioned between ether and water. 
The aqueous layer was extracted twice with ether. The combined 
ether extracts were washed with aqueous 57, Na2COa solution 
until no effervescence occurred, then with water, saturated NaCl 
solution, and dried (MgSOa). Approximately one-half (100 ml) 
of the ether was removed on a steam bath and 200 ml of absolute 
ethanol was added. The solution was heated until the boiling 
point had risen to 75" and then refluxed for an additional 3 hr. 
The solvent was removed and the crude carbamate ester was 
dissolved in a mixture of 3.0 g (54 mmoles) of KOH in 100 ml 
of ethanol and 10 ml of water and heated at  reflux for 4 hr. 
The solvent system was removed and the solid residue was 
partitioned between water and ethyl acetate. The aqueous layer 
was extracted with two additional portions of ethyl acetate; 
the combined ethyl acetate extracts were extracted with aqueous 

2.9-3.1, 3.43, 3.51, 6.06, 6.55, 6.91, 7.87, 8.40, 8.85, 9.43, 9.78 p. 

(29) Acquired through the  courtesy of J.  Sicher, Academy of Science, 
Prague, Czechoslovakia. 

10% HCl. The combined aqueous extracts were washed with 
ethyl acetate, then made alkaline with aqueous 10% NaOH and 
extracted repeatedly with ethyl acetate. The combined organic 
layers were washed with water and dried (hlgS04), and the solvent 
was removed to yield 1.42 g (987,) of a white solid: mp 125-127"; 
admixture with authentic materia1,Zg mp 125-127"; infrared 
(KBr), 3.05, 3.1-3.3, 3.45, 3.52, 6.30, 6.98, 7.19, 7.48, 8.76, 8.84, 
9.18, 9.35, 9.45, 9.59, 9.70, 9.80, 10.05, 10.23, 10.72 p. 

Anal. Calcd for CloHlgSO: C, 70.96; H, 11.32; N, 8.28. 
Found: C, 70.99; H, 11.18; N, 8.25. 
3(e)-Dimethylamino-trans-2(e)-decalol.-To a solution of 803 

mg (4.75 mmoles) of 3(e)-amino-trans-2(e)-decalol in 5 ml of 977, 
formic acid was added 5 ml of aqueous 40% formaldehyde solu- 
tion. The mixture was refluxed for 6 hr and then made alka!ine 
with aqueous 20% SaOH and extracted twice with ethyl acetate. 
The combined organic extracts were washed with water and dried 
(hIgSO*), and the solvent was removed to afford 608 mg (647,) 
of an oil which crystallized on standing; mp 48-55', An 
analytical sample was prepared by sublimation at  45' (0.01 
mm); mp 51-53'; infrared (KBr), 2.9-3.1, 3.42, 3.51, 3.59, 
6.90, 6.95, 7.73, 8.92, 9.17, 9.39, 9.54, 9.59, 9.69, 9.87, 11.99 p ;  
nmr (CDCI,), 6 3.48 (TYI/~ = 23 cps, equatorial methine proton 
at C-2), 2.32 (singlet, N(CH3)?)) 3.82 (singlet,, OH). 

Anal. Calcd for C12H2,NO: C, 73.04; H, 11.75; N, 7.10. 
Found: C, 73.08; H, 11.55; N, 7.31. 

Methochloride, mp 247-249'. 
Anal. Calcd for C13H&lNO: C, 63.01; H, 10.58; C1, 14.31; 

N, 5.65. Found: C, 62.81; H, 10.61; C1, 14.24; S, 5.57. 
3(e)-Dimethylamino-2(e)-acetoxy-trans-decalin.-A solution 

of 948 mg (4.8 nimoles) of 3(e)-cliniethylamino-2(e)-trans-decalol 
in a mixture of 5 ml of acetic anhydride and 5 ml of pyridine was 
refluxed for 4 hr. The excess acetic anhydride and pyridine 
were removed. The residual oil was dissolved in 40 ml of 37, 
aqueous HC1 and allowed to stand for 1 hr, then washed with 
ether, made alkaline with 10% aqueous NaOH, and extracted 
twice with ether. The combined ether extracts were dried (RIg- 
Sod) and the solvent was removed to yield 948 mg (90%) of a 
light yellow oil; infrared (neat), 3.42, 3.50, 3.60, 5.78, 6.90, 7.30, 
8.06, 9.60, 9.77 p; nmr (CDCl,), 6 4.97 (Wi/,  = 23 cps, equatorial 
methine proton at  C-2), 2.30 (singlet, K(CH3)2), 2.04 (singlet, 
CH,COO). The oil was not further purified. 
3(e)-Dimethylamino-2(e)-acetoxy-truns-decalin Methochloride 

(7).-A mixt'ure of 580 nig (2.65 mmoles) of 3(e)-dimethylamino- 
2(e)-acetoxy-trans-decalin and 2 ml of methyl iodide in 35 ml of 
dry acetone was allowed t,o stand at  room t,emperature for 3 hr 
then heated at  50" for 3 hr. Acetone and excess methyl iodide 
were removed. The residue was taken up in 50 ml of a mixture 
of equal volumes of acetone and absolute ethanol and passed 
through a 25-cm column (1 cm diameter) of Dowex l-X2, chloride 
form, 50-100 mesh. The volume of the solution obtained was 
reduced and the oil was dissolved in a mixture of acetone and 
ethyl acetate which deposited 593 mg (73%) of colorless plates: 
mp 136-138"; infrared (KBr), 2.92 (broad), 3.42, 3.50, 5.76, 
6.70, 6.90, 7.30, 8.15, 9.75, 10.55, 11.20 p ;  nmr (DcO), 6 5.27 
(K7112 = 23 cps, equatorial methine proton at  C-2), 3.88 (W1j2 = 
23 cps, equatorial met,hine proton at  C-3), 3.27 (singlet, N+- 
(CHt),), 2.23 (singlet, CH3COO). The presence of 1 mole of 
water in the cryst,alline salt was indicated after obtaining the 
nmr spectrum in DzO both before and after addition of thesample. 
The increase in the integrated areas of HOD corresponded to 2 
protons when compared to other signals in the sample. 

Anal. Calcd for C1SH28C1NOZ.H20: C, 58.52; H, 9.82; C1, 
11.52; N, 4.55. Found: C, 58.41; H, 9.83; C1, 11.60; N, 4.38. 
3( a)-Bromo-trans-2-decalone (16).-Pyridinium hydrobromide 

perbromide was prepared according to the method of Djerassi30 
in 827, yield, mp 131-133" (lit.30 mp 134" with previous soften- 
ing). To a solution of 6.0 g (0.04 mole) of trans-Zdecalone in 
150 ml of a mixture of equal volumes of chloroform and acetic 
acid was added 12.9 g (0.04 mole) of pyridinium hydrobromide 
perbromide over 20 min. Immediate loss of red color was noted 
with the addition of each portion. Near the end of the addition 
HBr was evolved. The mixture was warmed on a steam bath 
for 20 min, then poured into a mixture of 75 ml of petroleum 
ether and 500 ml of NTater containing 0.57, sodium sulfite. The 
layers were separated and the aqueous layer was extracted with 
two additional portions of ether. The organic layers were com- 
bined and washed with water, saturated NaCl solution, and dried 
(MgSOI). The solvent was removed affording 9.2 g (100%) of 

(30) C .  Djerassi and C. R. Scholz, J .  Am. Chem. Soc.,  70, 417 (1948). 
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collaborators : Dr. E. J. Walaszek, Department of 
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assays, and Dr. h1. E. Rafelson, Jr., and Dr. H. Higman, 
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A number of cyclic hindered amines substituted on the a-carbon with ethynyl and vinyl groups have been pre- 
pared by the addition of Grignard reagents to  ternary iminium salts including: 2-ethynyl-1,2,5,5-tetramethyl- 
pyrrolidine, 2-ethynyl-l,2,6,6-tetramethylpiperidine, 2-ethynyl-1,2,6-trimethylpiperidine, and 1,2,5,5-tetra- 
methyl-2-vinylpyrrolidine. Together with 1,2,2,5,5-pentamethylpyrrolidine and 2,2,5,5-tetramethylpyrroli- 
dine, these comprised a series of cyclic compounds which were compared in antihypertensive properties with a 
closely related series of open-chain compounds, including ~3-(N-t-butylmethylamino)-3-methyl-l-butyne, 
(3-N-t-butylmethylamino)-3-methyl-l-butene, t-amyl-t-butylmethylamine, and t-amyl-t-butylamine. Within 
the two series studied, the open-chain compounds are generally more potent in their hypotensive effect than the 
cyclic compounds. 

Change in pharmacological activity with difference 
in chemical structure is especially significant when the 
compounds differ only by ring formation, t,hat is, one 
of the compounds is cyclic and the other is open chain. 
The Hennion synthesis of highly hindered acetylenic 
amine~3 ,~  and their hydrogenat'ion products made avail- 
able a large number of these compounds for pharma- 
cological evaluation. At the same time, the synt'hesis 
of highly substituted pyrrolidines and piperidines by 
the mercuric acetate-iminium salt route5l6 made it 
possible to  obtain an analogous series of compounds in 
the monocyclic system. The purpose of this paper is 
to report on the pharmacological activities of these two 
series of compounds, especially with regard to their 
antihypert,ensive properties as found in rats made 
hypertensive by a modification of the Goldblatt proce- 
dure. The pyrrolidine I1 and the piperidine I11 can 
be visualized as the cyclic counterparts of 3-(N-t- 
butylmethylamino)-3-methyl-l-butyne (I). The vinyl- 
pyrrolidine V is analogous to the open-chain amine IV, 
and 1,2,2,5,5-pentamethylpyrrolidine (YII) is similar 
to the saturated open-chain tertiary amine VI. The 
final pair of compounds which were conipared in this 
study were I X  and VIII. 

Chemistry.-The general reaction consisting of the 
att'ack of nucleophilic reagents on t'ernary iminium 
salts has been broadly applied.' Among the nucleo- 
philes which have been utilized were represent'ative 
Grignard reagents. The acetylenic-substituted pyr- 
rolidine 11, 2-ethynyl-1,2,5,.3-tetraniethylpyrrolidine, 
mas made by the addition of ethynylmagnesiuni bro- 
mide to 1,2,5,5-tetramethyl-A'-pyrrolinium perchlorate 

(1) Eli Lilly and Company Fellow, 1959-1960. 
(2) U. S. Rubber Company Fellow, 1960-1961. 
(3) G. F. Hennion and R. S. Hanzel, J .  A m .  Chem. Soc., 82, 4908 (1960). 
(4) C. Ainsworth and N. R. Easton, J .  078. Chem., 26, 3776 (1961). 
(5) N. J. Leonard and -4. G. Cook, J .  Am. Chem. SOC., 81, 5627 (1959). 
(6) N. J .  Leonard and F. P. Hauck, Jr . ,  ibid., 79, 5279 (1957). 
(7) N. J. Leonard and A. S. Hay, ib id . ,  18, 1984 (1956), and references 

therein. 

(X).5 The reaction of an acetylenic Grignard reagent 
with a ternary iminium salt has also been exemplified by 
Ryan and Ainsworths in the addition of ethoxyethynyl- 
magnesium bromide to 1,2-dimethyl-A'-tetrahydro- 
pyridinium perchlorate, and by Lednicer and Babcockg 
in the addition of ethynylmagnesiuni bromide to 
steroidal ternary iminiuni salts. The characterization 
of the product from X, 2-ethynyl-1,2,5,S-tetramethyl- 

I I1 111 

IV V VI 

&& I A& H %& H 

VI1 VI11 IX 

pyrrolidine (11), was based on the infrared spectra of 
the base and its hydrochloride salt, both of which showed 
characteristic maxima associated with =C-H and 
C=C stretching. 

The addition of vinyl Grignard reagent to 1,2,5,5- 
tetramethyl-A'-pyrrolinium perchlorate (X) represents 
the first example of this type of combination. The 
product of the reaction was 1,2,S75-tetramethyl-2- 
vinylpyrrolidine (V) , which was characterized by the 
infrared spectrum of the base and by the nmr spectrum 
of the corresponding perchlorate salt. 

(8) C. \\-. Ryan and C. Ainsworth. J .  Ore. Chem., 26, 1547 (1961). 
(9) D. Lednicer and J. C. Babcock, ib id . ,  27, 2541 (1962). 


