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A solutio11 of 7.6 g of NaS02  in 20 ml of water was added drop- 
wise and stirred 15 min, and the separated ether layer was dried. 
The filtered azide solution was added to 350 ml of dry toluene, 
heated on a steam bath to distil the ether, and the resultant 
solution was refluxed for 6 hr. The toluene was evaporated 
in uacuo (nitrogen). The liquid residue was redissolved in dry 
toluene, added to 30 ml of concentrated HC1, and warmed. 
After the gas evolution which t,ook place at about 50" was com- 
plete, the solution was refluxed for 18 hr, made alkaline with 
30% NaOH solution, and pxtracted with ether. The liquid 
remaining after evaporating the ether was distilled, bp 73-79' (1 
mm). I t  &-as converted into its hydrochloride and recrystallized 
from ethanol-ethyl acetate mixture; mp 161-183", yield 4 g 

I n a l .  Calcd for CloH,,SO.HC1: C, 60.30; H, 7.03; K, 
7.03 .  Found: C, 60.53; H, 7.03; X, 7.04. 

Biological Results.-In comparison with several active cum- 
pounds, 2-niethyl-3-phenoxycycloprop~-lamine demonstrated no 
in v i t ~ o  activity and very lit,tle in vivo activity against brain 
niorioaniine oxidase (rats) (Table I). 

(19%). 

TABLE Ia 
Brain 
in U<GO 

Compd ~ 5 0 % ~  inhib, ,lf mg/kg 
3IAO i n  riti.0 ED60 (rats), 

4( NCjH4)CO;"jHNHCH(CH,)zb 5 . 3  x 10-6 25.0 
C6HbOCHCHh Hz >I  x 10-3 50.0 

\/ 
CHCH, 

v 
trans-C6HsOCHCHSHpC 1 .6  x 10-7 0.37 

~~CL~S-CGH~~OCHCHKHZ' 1,s x 10-7 0.35 

~ ~ ~ ~ S - C ~ H ~ C H C H K ' H . . ~  8 x 10-6 0.25 

CHz 

v 
CH, 

v 
CHI 

The pharmacological data were obtained under the direction 
of Dr. L. 0. Randall, Director of the Pharmacological Labora- 
tories. The met'hods are described in detail by L. 0. Randall and 
R. E. Bagdon, Ann. S. Y .  dcacl. Sei., 80, 626 (1959). Iproni- 
azid, Hoffmann-La Roche, Inc. Reference 1 .  J. Finkelstein, 
E. Chiang, F. 31. Srane, and J. Lee, in press. e Tranylcypromine, 
Smith Kline and French Laboratories, Inc. 

Similarly, Zirkle and co-workerslb observed that although 2- 
phenylcyclopropylamine has potent RIA0 inhibitory activity, 2- 
methyl-3-phenylcyclopropylamine has relatively little activity. 
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We have recently reported the synthesis2-4 of many 
symmetrical compounds derived structurally from the 
potent cholesterol-lowering agent trans-l,4-bis(2-chloro- 
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(2) L. G. Humber, d i d .  I ,  826 (1964). 

L. G. Humber, C .  I. Chappel, A .  V.  illarton, RI. Kraml, 

benzylaminomethyl)cyclohexane.5 This report de- 
scribes the synthesis of some miscellaneous related 
compounds. The biological activities of these and 
other compounds of this s e r i e ~ ~ - ~  are reported sepa- 
rately. l 

The first group of compounds consists of the unsym- 
iiietrically S,S'-disubstituted cyclohexanebis(niethy1- 
amine) derivatives (IV-VI, Chart I) .  They were 
prepared from cyclohexane-t~uns-l,4-bis(i~iethyla1~iine) 
(I) by reducing the Schiff's base foriiied with 1 equiv 
of a carbonyl component, to yield the monosubstituted 
derivatives I1 and 111, and then condensing these with 
a second carbonyl component to yield, after reduction, 
the unsymmetrical disubstituted compounds IV-VI. 
The properties of the final products arid intermediates 
as their hydrochloride salts are presented in Table I. 

CHART I 
CH,NHR1 CH,NHRL CHJNH, 

- (i - 0-0 - EH,NH* CHJH~ CH,NHRA 
IV-VI I 11, R' = 2-ClC6H4CHz 

111, R1 = cyclohexyl 

IV ,  ltl = 2-C1CsH&H2; R2 = cyclohexylmethyl 
V, R1 = 2-C1CeH4CHz; R2 = cyclohexyl 

VI, R1 = cyclohexyl; R2 = cyclohexylmethyl 

A second group of compounds, represented by the 
series shown in Chart 11, are analogs of a 1,4-bis(benxyl- 
aminomethy1)cyclohexane in which one of the nitrogens 
is replaced by oxygen, sulfur, the sulfoxide, or the sul- 
fonyl group. They mere prepared from l-hydroxy- 
met hyl-4-c yclohexanemet hylaniine (VII) as indicated 
in Chart 11. The physical properties and analytical 
data are given in Table 11. 

VIII, It = H ;  Y = OH 
IX, R = C1; Y = OH 
X, R = H ;  Y = C1 

XI, R = Y = C1 
XII, R = H ;  X = S 

XIII.  R = C1: X = 9 
XIV: R = H: X =SO 
x v j ~  = H: x = soz 

XV1,R = H ;  X = 0 

u I 

0 
XII-XVI 

The primary amino group of VI1 was substituted by 
either the benzyl or 2-chlorobenzyl group, by reducing 
the Schiff base formed with the appropriate aldehydes, 
to give VI11 and IX, respectively, which mere con- 

(3) L. G. Humber, G. Myers, L. Ifaukins, C. Schmidt, and 11, Roulerice, 

(4) L. G. Humber, J. .>fed. Chem., 8 ,  401 (1965). 
( 5 )  C. I. Chappel, J. Dubuc. D.  Diormk,  &I. Gi\ner ,  L. G. Humber,  11. 

Kraml, K. Voith, and R. Gaudry, Aature, 201, 497 (1964). 

Can. J .  Chem., 42, 2852 (1964). 
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Sturtiiic 
ma- 

terials 
ani1 

mrthods 

m 
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tl 
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11 
7 

n 

Ilrcr>stn 
s o l ~ e n t  

2- h J 1 )  anal-ether 
AIethanol-ether 
2-Propanol 
2-Propanol 
llethaiiol-ether 
2-Propanol-ether 
%-Propanol 
Methanol-et her 
Methanol-et her 

'I See Lxperinietilal dectioii. Froni 2-chlorobeiizalde~iyde and T?I. See lisperinietitnl bectioti for lypical puxediirc. . t n d .  
(‘aid: C, 51.30; H, 6.!U; Hr, 22.85. Found: C, 31.86; H, 7.00; Br, 22.95. Froni \.I11 and thionyl chloride iii refliixitig CHC:l., 
for 14 hr. 0 From SI .HC1  and benzyl nierraptaii. 
See Experimental Section for typical procedure. * From XI1 .HCl by oxidatioti with sodillnl metaperiodate iising the conditioris of 
PI'. J. Leonard and C. It. Johnson, J .  0r .g .  Chenz., 27, 282 (1962). i From SI I .HC1  by oxidatioii with 307; hydrogen peroxide iii g1:wi:tl 
wetic acid. 7 Anal. Calcd: C, i3.68; H, 8.15. Found: C, 73.88; H, 8.34. 

e From IS, as described iii footnote d .  1 The free bise has bp 168" (0.75 mm). 

vctrted to the chloromethyl derivatives X arid XI with 
tl-iionyl chloride. Reaction of these with berizyl iiicr- 
yaptan yielded the thio analogs XI1 arid XIII. Coni- 
[)ourid XI1 wa5 oxidized xvith hydrogen peroxide to  
givcl the sulfonc (XV) or with sodium metaperiodatc 
t o  give the sulfoxide (XIV). The oxygen analog 
(XVI) was obtained from intermediate VI11 by (~11-  

clensation with benzyl chloride. A number of other 
iiiiscellaricous conipourids w ( ~ e  prepared for testing. 

XV11, Ii - cyclohexylmethql 
XVIII ,  R =?-CIC,H,CH CH2XCH,-2- CIC,,H, 

XIX. X = XH 
XX, X =N@(CH, )?  I L  

xx I 

?'hey t I IC ;:-:iz:ibicyc lo [3.2.2 ]I io1 iiiiiv clcrivat i 

iodides XIX a d  XX of tt alza-l,~-bi~(%-c,hlorob(~ti- 
zylanii~io~iiethyl)c~yclohcxsnc~ :md S,S'-di(%-chloro- 
bcnzyl)cyclohesarie-t,.ans-l ,~-bi~(carboxaiiiide) (XXI). 
The synthesis of these conipouiids i i  described in t 111: 
ExperinientaI Section. Tablc I11 contains coiiipon~ids 
XXII-XXVII, obtaitied bj- the reduction of tllc :ill- 

propriate Schiff base. 

XVII XVI I I, t ilC lllollo iiIld ~ ~ l , c l u a t c l r l ~ a r y  lllc 

Experimental Section 

Alelting points Liere tnkeu on :I 'I'hornavIIoovcr ,q)pariatii- ,111t1 

are corrected. Analyses ivere done by Mi-. \V. Turnbiill : i t i t 1  

Y t a f f  of our laboratories. 
N-Benzyl-l-hydroxymethyl-4-cyclohexanemethylamine (VllI) .  

- 1-Hydroxymethyl-4-ryrlohexanemethylamine ( a  mixture of  
czs and trans l,Plsorners, YII) (42.9 g) and benzaldehyde (31.8 g )  
were refluxed in benzeiie (400 ml) until the theoretical quantity of  
water had been removed azeotropically. The resulting Schif'f 
base, 247 mp (t 1i,800), nas dissolved in methanol (300 
ml) and refluxed for 3 hr with sodium borohydride (11.4 g). 
The conventional iFork-up procedure gave VIII, A:&:" 259 n w  
( e  267). as an oil 111 !J2C;, vield. The hydrochloride melted a t  
160-161 O (2-propanul-ether j. 

Bnal. Calcd for ('lhl€2dC1NO: C1. 13.14; N, 5.19. Fo\lntl: 
C1, 13.40; N ,  5.44. 

N-Benzyl-1- benzylthiomethyl-4-cyclohexanemethylamine 
(XU).-Benzyl mercaptan (9.3 g )  was dissolved in 70' 
ethanol (100 ml) containing NaOH (6.3 9) .  Hydrochloride of S 
(22.0 g) in 150 ml of 1.1 ethanol-mater was added over 15 niiti 
and the mixture refluxed for 30 min. The ethanol was removed 
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N O .  

X X I I  

XXII I  

XXIV 

xxv 

XXVI 

XXVII 

TABLE I11 
AIISCELLANEOUS COMPOUNDS PREP.4RED BY REDUCTION OF SCHIFF BASES 

Start-  
ing" 
me- Mp, Recrystn -%CcI- --c/oN- 

terial ' C  solvent Formula Calcd Found Calcd Found Compd 
~ - C I C ~ H I C H Z N H C H ~ C ~ H I I ~  c 96-98 MeOH-ether CicHzoN HC1 12 9.3 12 93 5 11 4 95 

~ - C ~ C , H , C H , ~ H ~ - C H  C,H d 284-290 MeOH-EtOAc C I ~ H Z C I N ~  2HC1 27 42 27 80 7 22 7 07 

C , H 5 C H , N H C H , a - C H j C 6 H  e 307-308 EtOH CmH26Nz 2HCI 19 40 19 60 7 67 7 24 

[~ -CIC~HICHINHCH(CH~)CHZCH~]*  f 238-242 AIeOH CmHaaNz 2HC1 30 41  30 20 - 

[*HNCH(cH )CH g h - CzsHarNz' 

- 

- - 6 72 6 74 

-7 

a These starting materials were condensed to the corresponding Schiff base which was then reduced with sodium borohydride to  yield 
the desired compounds. See Experimental Section for typical procedure. C6Hll = cyclohexyl. c Cyclohexanecarboxaldehyde and 
2-chlorobenzylamine. d 2-Chlorobenzaldehyde and 1-benzyl-4-aminopiperidine. e 1-Benzyl-4-aminomethylpiperidine (see Experi- 
mental Section) and benzaldehyde. 1 2,7-0ctanediamine [J. Wiemann and J. Kossanyi, Compt. Rend., 247, 649 (1958)] and P-chloro- 
benzaldehyde. 0 2,7-0ctanediamine and citral. Boiling point of free base, 163-168' (0.01-0.02 mm), 12% 1.4848. Anal. Calcd: 
C, 80.69; H, 12.58. Found: C, 80.61; H, 12.42. Obtained by reduction of XXTI with hydrogen and platinum oxide catalyst a t  
22" and atmospheric pressure. 

in vacuo and the aqueous solution was extracted with benzene to 
give XI1 as an oil (91%), A:::" 250 m,u ( E  805); hydrochloride, 
mp 188-190" (methanol-ether). 

Anal. Calcd for Cz2H2sClNS: C1, 9.45; N, 3.75. Found: 
C1, 9.55; N, 3.64. 

N-Benzyl-l-benzyloxymethyl-4-cyclohexanemethylamine 
(XVI).-Compound VIII (7.5 g) was dissolved in toluene (50 ml) 
and sodium (796 mg) was added. When all the sodium had 
dissolved, benzyl chloride (4.36 g) in toluene was added and the 
mixture refluxed for 3 hr. Sodium chloride was removed by fil- 
tration, and XVI was obtained by fractional distillation of the 
filtrate; bp 196196' (0.12 mm), 5.5 g. The hydrochloride 
salt had mp 175.5-176' (methanol-ether). 

Anal. Calcd for C22H2yClNO: C, 73.68; H, 8.15; C1, 9.89. 
Found: 

N-Cyclohexanecarbonyl-3-azabicyclo [ 3.2.21 nonane.-3-Aza- 
bicyclo[3.2.2]nonane (18.8 g) was dissolved in aqueous 1 N 
NaOH (150 ml), and cyclohexanecarbonyl chloride (14.6 g) in 
acetone (50 ml) was added dropwise with stirring. The mixture 
was refluxed for 2 hr then the acetone was distilled. On cooling, 
the title compound crystallized. It was washed well with 
water, dried, and recrystallized from an ether-hexane mixture; 
mp 81-82.5'. 

Anal. Calcd for ClsH2sNO: C, 76.53; H, 10.70. Found: 

C, 73.88; H, 8.34; C1, 9.74.. 

, .  ~. ~. 

C, 76.79; H, 10.86. 
N-(2-Chlorobenzoyl)-3-azabicyclo [3.2.2] nonane.-Working in 

the same manner as above, but using 2-chlorobenzoyl chloride 
(26.2 g) instead of cyclohexanecar6onyl chloride, the title 
product was obtained; mp 101-102" (benzene-hexane). 

Anal. Calcd for ClsH18ClNO: C, 68.30; H, 6.88. Found: 
C, 68.58; H, 7.00. 

N-Cyclohexylmethyl-3-azabicyclo [3.2.2] nonane (XVII).-N- 
Cyclohexanecarbonyl-3-azabicyclo [3.2.2]nonane (24.1 g) was 
dissolved in ether (150 ml) containing lithium aluminum hydride 
(3.8 g), and the mixture was refluxed for 20 hr. The title com- 
pound was obtained as an oil, bp 92" (0.08 mm); hydrochloride, 
mp 291-292" (2-propanol-ether). 

Anal. Calcd for C16H&1N: C1, 13.73; N, 5.43. Found: 
C1, 13.71; N, 5.39. 

N-(2-Chlorobenzyl)-3-azabicyclo [3.2.2]nonane (XVIII).-'N- 
(2-Chlorobenzoyl)-3-azabicyclo[3.2.2]nonane (24.8 g) was re- 
duced as described above using tetrahydrofuran as solvent. 
The title compound had bp 134" (0.15 mm); hydrochloride, mp 
229-230' (2-propanol). 

Anal. Calcd for C16H22C12N: C1, 24.68. Found: C1, 24.65. 

Mono- and Bisquaternary Methiodides of N,N'-Di(2-chloro- 
benzyl)cyclohexane-trans-1,4-bis(methylamine) (XIX and XX) .  
-N,N'-[Di( 2-chlorobenzyl)cyclohexa ne-trans-l,.l-bis( me t h y 1- 
amine)2 (7.8 g) was dissolved in methanol (80 ml). Sodium 
bicarbonate (8.0 g) and methyl iodide (28.6 g) were added, 
and the mixture was heated on the steam bath for 48 hr. The 
methanol was removed in vacuo and the residue was boiled with 
CHC13. The CHC13-soluble fraction yielded the monoquaternary 
methiodide (XIX) as an oil (12.9 g) which was obtained crystal- 
line from a methanol-ether mixture; mp 166-169". 

Anal. Calcd for C2dH33C121N2: I, 23.0. Found: I, 23.05. 
The CHC13-insoluble fraction was triturated in warm water, 

and the residue was crystallized from ethanol to yield XX 
(750 mg), mp 252-255". 

Anal. Calcd for C Z ~ H & ~ Z I ~ N Z :  I, 36.08. Found: I, 36.12. 
N,N'-Di( 2-chlorobenzyl)cyclohexane-trans-1,4-bis( carbox- 

amide) (XXI).-Cyclohexane-trans-1,4-dicarbonyl chloride6 (10.0 
g) in benzene (50 ml) was added slowly to a solution of 2-chloro- 
benzylamine (30 g) in benzene (200 ml). The mixture was re- 
fluxed for 4 hr, then the benzene was removed in  vacuo, and the 
residue was triturated in hot water. The insoluble portion was 
crvstallized from dimethvlformamide to vield XXI  (15.0 E), mu - -  
3i5-326 '. 
16.95. Found: C. 62.80: H. 6.00: C1. 16.59. 

Anal. Calcd for C22H24C12?j202: C, 63.16; H, 5.78; C1, 

N-Benzyl-4-am'inomethylpi~eridine.~-4-Aminomethylpiperi- 
dine (11.3 g) in tertahydrofuran (60 ml) was added to a suspension 
of lithium aluminum hydride (9.5 g) in tetrahydrofuran. The 
mixture was brought to reflux, and ethyl benzoate (45 g) in tetra- 
hydrofuran (90 d) was added over a period of 80 min. Refluxing 
was continued for 18 hr, water was added, and the mixture was 
worked up in the usual manner to yield the title compound (11.5 g, 
57%), bp 185" (0.25 mm); dihydrochloride, mp 263-266' (2- 
propanol). 

Anal. Calcd for C13Hz&12Nz: C1, 25.58; N, 10.10. Found: 
C1, 25.24; N, 9.70. 
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