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T A B L E I 

H A N S C H A N A L Y S I S O F B I T Y R Y L C H O L I N E S T E K A S E I N H I B I T O R Y 

P O T E N C Y U S I N G PI ; ,0 AS T H E B I O C H E M I C A L R E S P O N S E 

s~. -CO 
CH;,(CH.)„N -HBr | 

NRR' 

R = H H II CH:, C2H,-, G,H7 

R' = H CH3 C2H.-, OH,, C,H;, C3H7 

Square oi 
correlation 

Equation"''' coefficient, >'- F ratio'' 

])I,-,o = - 0 . 0 5 S * - 2 + 0 923;r -

0 . 4 5 6 M + 5 .5S9 (ir„ = 7 . 9 6 ) 0 99s 926 . .V) (111 

plao = - O . O G O J T 2 + 0 . 9 3 3 T T -

0 .396m + 5 .6S3 :>„ = 7 .7S) 0 99N U94..">0 (12) 

p I M = -0 .1197T 2 + 1 .20O7T + 

0.687a* + 3.533 (TO = 5.06) 0 99s S9S4.10 (13) 
pIM = 0.699r - 0.26SM + 

5.061 0.994 274.30 (14) 
pl,„ = 0.397 a- - 0.394a* + 

4.566 0.974 57.11 (151 
pl.-,u = 0.1327T2 + 0.33SM + 

3 302 0 943 24.71 (16) 
pi.-,, = 0.667TT - 0.227m + 

5.094 0.994 269.OS (171 
Pi.-,« = 0 . 0 1 1 7T2 + 0.5357T + 

4 203 0.9*4 102.99 (IS) 
pl,„ = 0.5707T + 4.1S7 0 9*5 26s.43 (19) 

" See ref 5, 8-10, and 12. '' pl;,0 is the negative logarithm of the 
molarity of compound effecting 50'',' inhibition. 'Level of 
significance of the F ratio exceeds 99'',' for each equation.14 

theories, the parent moiety quanti tat ively contributes 
the major portion of the inhibitory activity. The 
substi tuent groups either enhance or decrease this 
tictivity of the parent moiety depending upon the 
relationship between the group properties and the 
requirements for activity. 

T A B L E II 

P A R E N T AND H U B S T T T C E N T A C T I V I T Y C O N T R I B U T I O N S ( I E N E R A T E D 

B Y T H E F R E E - W I L S O N R E G R E S S I O N A N A L Y S I S 

Ac!. contribution, 
pit,,* 

- 0 . S 2 
-0.(51 
- 0 , 2 9 

0.05 
5. 89 

"The groups, substituted at positions R and R1, and the 
parent moiety refer to the homologs in Table I. '' pirn is the 
negative logarithm of the molarity of compound effecting 5 0 ' , 
inhibition. 

Group" 

H 
Me 
Kt 
Pr 

'arent moiety 

TUil .L III 

O B S E I S V E O AM) C A I , ( T I . A T K I ) Bl'TYHYLCIIOJ.INKSTKli \SE 

I N H I B I T O R Y P O T E N C I E S O F S O M E 

I - U E C Y L - 3 - C A K B A . M O Y L P I P E R I D I N E H Y D R O B H O M I D K S 

CH,(C1U,N 'HBr 

-CO 

NRR' 

pi;,." 

H 

H 
H 
H 
Me 
Me 
Kt 
Pr 

K1 

H 
Mi 

Kt 
Mi 

Kt 
VA 

Pr 

Calrrl 
e-Wilson' 

4 . 25 
4.46 
4.7S 
4 .66 
4.99 
5.32 
5.9S 

l l a n s c l i ' 

4 21 
1 40 
4 SO 
4 66 
5.00 
5 29 
5 9s 

Ol.sd 

4 21 re ( 1 . 0 * 

4 .46 rrr 0 .03 ' ' 

4 . SO re. 0 . 0 1 ' ' 

4 . 6 0 rt 0 .04 ' ' 

5 .01 rt 0 . 0 3 ' 

5 .2S - 0 .02 ' ' 

5 .9S rr 0 . 0 3 ' ' 

" pi-,,-, is the negative logarithm of the molarity of compound 
effecting 5 0 ' , inhibition. b Taken from ref 5. • Taken from ref 
6. This is the compound for which the inhibitory potency wa.-
predicted accurately 3 years before it was synthesized. The 
observed value, 5.01, was not. included in either the Free-Wilson 
or Hanson, regression analysis. ' ' J . (!. Beasley, unpublished 
results. 'Calculated by summation of the substituent and 
parent activity eonlribul ions obtained from Table II . ' Kq nation 
13, Table I, was used. 

within the experimental error of the observed values. 
The calculated pl.-,u values from the Free Wilson analy
sis, however, tire within the experimental error of the 
observed values for only three of the six compounds, 
and one of these compounds, the dipropyl derivative. 
is forced to fit since if represents a single observation. 
One must conclude that both models fit these data 
quite well although the Hansen method gives somewhat 
better quanti ta t ive results for this series. 

Since the hydrophobic parameter, T, seems to be the 
most, significant term in the Hansch analysis, the 
maximum or ideal 7r value, w«, was calculated.1''1 For 
the equation used in the Hansch analysis (eq 13. 
Table I), 7T(i is .").()(). One might conclude, therefore, 
tha t the X,X-dipentyI derivative or other derivatives 
with combinations of substi tuents with similar IT values 
would be worthy of synthesis and evaluation. For eq 
11 and 12, TTV'> are 7.90 and 7.7(1, respectively. Values 
of n bet-ween 5 and N would be expected to be optimum. 

! IS) (.'. Haiisrh. 
Chi »,., 11, 1 i I'JBSi 

M. \ndcrson, and D. ISentlcy, .1. Me 

3-Azaspiro[5.5]undecanes 

One congener. l-decyl-3-(X-ethyl-X-methylcarbam-
oyl)piperidine hydrobromide, was not included in 
either regression and, therefore, its calculated pI5o value 
can be treated as "predicted." Both predicted values, 
o.OO by the Hansch method and 4.99 by the Free-Wilson 
analysis, are within the experimental error of the 
observed pl50, 5.01 ± 0.03 (Table I I I ) . 

Table I I I gives the observed and calculated ploo 
values for both types of analyses and, therefore, 
provides data for comparing the two methods. Both 
correlations are very good. The calculated pl.ro values 
from the Hansch analysis (eq 13, Table I) are all 
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junction was conducted by Rice and coworkers.2 

Several of the p-fluoroaroylalkylazaspirane derivatives 
were found to possess CNS depressant, hypotensive, 
and antiinflammatory activity and were also found to be 
clinically effective tranquilizers at doses of 5-10 mg.2f 

N - [y - (p - Fluorobenzoyl) propyl ] - 3 - azaspiro [5.5 jundec-
ane possessed marked antipsychotic effect at low dosage, 
and its behavioral and toxicity effects were similar to 
those of haloperidol.2 ' '3 '4 I n continuation of our pre
vious work,5 it was decided to synthesize a similar type 
of compounds having 3-azaspiro[5.5]undecane as a 
basic fragment. Accordingly, the compounds of the 
general formula I were synthesized and studied for 
their CNS activity. 

OCH3 

I, A = CO, COCH2, COCH2CH2, COCH2CH2CH> 

Chemistry.—N-(3,4,5-Trimethoxybeuzoyl)-3-aza-
spiro[5.5]undecane (I, A = CO), N-(3,4,5-trimethoxy-
phenacyl)-3-azaspiro[5.5]undecane (I, A = COCH2) , 
and N-[7-(3,4,5-trimethoxybenzoyl)propyl]-3-azaspiro-
[5.5]undecane (I, A = COCH2CH2CH2) were synthe
sized by the condensation of 3-azaspiro[5.5]undecane 
with 3,4,5-trimethoxybenzoyl chloride, a-bromo-3,4,5-
trimethoxyacetophenone, and 7-chloro-3,4,5-tri-
methoxybutyrophenone, respectively. N-[£-(3,4,5-Tri-
methoxybenzoyl)ethyl]-3-azaspiro[5.5]undecane (I, A 
= COCH2CH2) resulted from the Mannich reaction on 
3,4,5-trimethoxyacetophenone and 3-azaspiro [5.5 ]un-
decane hydrochloride. 

All these compounds were tested for CNS activity in 
mice. The study of gross behavior and spontaneous 
motor activity revealed tha t none of the compounds in 
this series possessed any significant CNS depressant 
activity. 

Experimental Section6 

Intermediates.—The requisite cyclohexane-l,l-diacetic acid,7 

cyclohexane-l,l-diacetic anhydride,8 3-azaspiro [5.5] undecane-
2,4-dione," 3-azaspiro [5.5] undecane,2' 3,4,5-trimethoxybenzoyl 
chloride,9 3,4,5-trimethoxyacetophenone,10 and a-bromo-3,4,5-

(2) (a) J. B. Clements and L. M. Rice, J. Org. Chem., 24, 19S8 (1959); 
(b) L. M. Rice and C. H. Grogan, ibid., 26, 54 (1961); (c) L. M. Rice, C. F. 
Geschickter, and C. H. Grogan, J. Med. Chem., 6, 388 (1963); (d) C. H. 
Grogan, C. F. Geschickter, and L. M. Rice, ibid., 7, 78 (1964); (e) L. M. 
Rice, M. E. Freed, and C. H, Grogan, J. Org. Chem., 29, 2637 (1964); (f) 
C. H. Grogan, C. F. Geschickter, M. E. Freed, and L. M. Rice, J . Med. Chem., 
8, 62 (1965). 

(3) G. M. Simpson, T. Farkas, and J. C. Saunders, Psychopharmacologia, 
8, 306 (1964). 

(4) G. M. Simpson, J. H. Biair, and E. H. Cranswick, Clin. Pharmacol. 
Therap., 5, 310 (1964). 

(5) R. B. Petigara, C, V. Deliwala, S. S. Mandrekar, and U. K. Sheth, 
J. Med. Chem., 11, 332 (1968). 

(6) Where analyses are indicated only by symbols of the elements ana
lytical results obtained for those elements were within ± 0 . 4 % of the theoreti
cal values. Melting points were taken in capillary tubes sealed at one end, 
with a partial immersion thermometer and are uncorrected. 

(1) (>. (.'. Van Wesseui and E. L. Sakai (Warner-l.amberi Pharmaceutical 
Co.), V. S. PaleliL 2.960,441 (Nov 16, I960); Chem. Abttr., 65, 9308(/ 
(1961.1. 

(8) -N. V. Koliinklijke Phaimaeeulische Fabriekeli Voorheell Brocades-
Stheeman and Pharmacia. Belgian Patent 638.406 ^April 9, 196-1); Chem. 
Abttr., 62, 13151e (19B5). 

(9) L. F. Fieser, "Experiments in Organic Chemistry," 2nd ed, D. C. 
Heath and Co., Boston, Mass., 1941. p 381. 

(10) J. Koo, J. Am. Chem. Soc, 75, 720 (1953). 

trimethoxyacetophenone11 were prepared by the literature 
methods. 7-Chloro-3,4,5-trimethoxybutyrophenone was ob
tained as described earlier.6 

N- (3,4,5-Trimethoxybenzoyl -3-azaspiro [5.5] undecane (1).— 
To a solution of 3.06 g (0.02 mole) of 3-azaspiro[5.5]undecane and 
4.0 g (0.04 mole) of EtjN in 25 ml of anhydrous CHC13, was added 
slowly a solution of 4.G g (0.02 mole) of 3,4,5-trimethoxybenzoyl 
chloride in 25 ml of anhydrous CHC13. The reaction mixture was 
refluxed for 4 hr and then cooled, washed (II20), dried (Xa2SO,i), 
and concentrated. Traces of CHC13 and Et3N were removed 
in vacuo. The residue solidified when treated with hexane. The 
solid was then crystallized first from boiling hexane and then from 
EtOH, mp 122-123°. Anal. (C20HsilNO4) C, H, N. 

N-(3,4,5-TrimethoxyphenacyI)-3-azaspiro[5.5]undecane Hy
drochloride (2).—A solution of 3.18 g (0.011 mole) of a-bromo-
3,4,5-trimethox3'acetophenone in 30 ml of EtOH was added 
slowlv to a solution of 1.53 g (0.01 mole) of 3-azaspiro[5.5]-
undecane and 2.0 g (0.02 mole) of Et3N in 30 ml of EtOH. The 
mixture was refluxed for 6 hr and then concentrated. H 2 0 was 
added and the residue was extracted with CHC13. The extracts 
were dried (Na2S(>4) and concentrated in vacuo. The resulting 
oil was taken up in anhydrous E t 2 0 and added to 5 ml of 2-
propanolic HC1 (22%). This on dilution with ether gave a white 
solid which was filtered and recrystallized (EtOH), mp 256-258° 
dec. Anal (GnHuNO^HCl) C, H, X. 

N- [/3-(3,4,5-Trimethoxy benzoyl )ethyl] -3-azaspiro [5.5] undec
ane Hydrochloride (3).—To a solution of 3.8 g (0.02 mole) of 
3-azaspiro [5.5] undecane hydrochloride in 60 ml of EtOH, were 
added 3 ml (~0.03 mole) of aqueous HCHO (37-41%) and a 
solution of 4.62 g (0.022 mole) of 3,4,5-trimethoxyacetophenone 
in 30 ml of EtOH. The reaction mixture was refluxed for 7 hr. 
Additional aqueous CH 20 (3 ml) was added and reflux continued 
further for 7 hr. I t was then concentrated to one-fourth of its 
volume and allowed to cool, when a white solid separated out 
which was filtered and crystallized from EtOAc-f-PrOH and 
then from /-PrOH, mp 210-212° dec. Anal (C^H^NO^HCl) 
C, H, N. 

N- [7- (3,4.5-Trimethoxy benzoyl )propyl] -3-azaspiro [5.5] undec
ane Hydrochloride (4).—A mixture of 2.73 g (0.01 mole) of 
7-chloro-3,4,5-trirnethoxybutyrophenone and 3.06 g (0.02 mole) 
of 3-azaspiro[5.5] undecane was gently warmed so as to form a 
homogeneous mixture and left overnight at room temperature. 
The next day, it was heated at 100° for 4 hr. After cooling, 
water was added to it and extracted twice with 40 ml of CHCI3. 
The extracts were dried (Na2S04) and concentrated in vacuo. 
The residual oil was taken up in anhydrous E t 2 0 and added to 5 ml 
of isopropanolic HC1 (22%). The resultant white solid was 
filtered and recrvstallized (EtOH), mp 172-174° dec. Anal. 
( C B H S S N O . - H C I J N . 
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Studies of Catecho lamines . I. 

Sulfur Analogs of Norepinephr ine 

SCHNEUR R A C H L I X AND JlCNS E N E M A R K 
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Uccclved Junc 2, littSi) 

111 pursuit of our current interests in catecholamines 
we have prepared 2-amino-l-(3,4-dihydroxyphenyl)-
ethanethiol (throughout the following referred to as 


