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TABLE I 
~-TRIFLUOROMETHYLSPIRAX DERIVATIVES" 

Ep (mini) 
71 s It or mp. "C 5 ormula hIethodb 
0 0 11 110-112 CloHizFaNOz A 
0 Hz H 40-42 (0 07) CioHiaFaNC-' B 
0 0 CHa 130-131 CiiHiiFaNOz A 
0 H2 CH3 60-64 (0 5) C I I H I ~ F ~ N " ~  B 
0 0 CHzCH=CHz 95-98 (0.13) CiaHi6F3SOz C 
0 Hz CHzCH=CH2 55-58 (0 17) CiaHnoFaN I3 
0 0 CsHiah 160-164 (0 02) CiaHz6F3NOz C 
0 Hz CaHia 110-114 (0 12) CuHmF&*I' B 
o o C , H ~ F ~  Glass CiiHiiFiNOz A 
0 Hz G H s F  109-112 (0 08) Ci,HziF4NZ B 
0 0 CioHi30z'" Glass CmHzsFaN04 1 
0 Hz CioHiaOz 145-150 (0 10) C~oHzaFsK0z"'~ B 
0 0 CiHirNOP 17C-180 (0 13) CiiHzsF3NzOF C 
0 Hz C?Hi4NO 120-125 (0 08) CnHzeFaNzO' B 
0 0 N(CHa)z 67 5-69 CizHiiFsNaOz A 
0 Hz N(CHdz 49-51 (0 05) CizHziFaNz B 
1 0  H 184-185 CilHuFaN Oz A 
1 Hz H 124-125 (24 0)  CiiHisFaN' B 
1 0 N(CHa)z Glass CI~HIQFSNZOZ A 
1 Hz N(CHa)z 73-i5 (0 08) CnHmFaNz' n 

1 Hz CaHizK 92-100 (0.15) Ci6Hz~FsNt" B 

0 Analytical results were within =t0.4Y0 for C, H, and N for all 
compounds listed. b See Experimental Section. Hydrochloride 
mp 103-105'. Anal. (ClaHl&1F3N) C1, N. Picrate mp 184- 
185'. Anal. (C16H19F3N40,) N. e Phenylthiourea mp 172-173'. 
Anal. (C17Hz1F3N2S) N. f Methiodide mp 267-268'. Anal. 
(CIzH21F31N) I. 0 Hydrochloride mp 215-217'. Anal. (C11Hlg- 
ClF3N) C1. h Cyclooctyl. 2 Methiodide mp 247-248". Anal. 
( C I ~ H ~ ~ F J N )  I. 1 Hydrochloride mp 148-150'. Anal. (ClsHal- 
C1F3N) C1. k p-Fluorobenzyl. Hydrochloride mp 204-206'. 
Anal. (C1,H&lF,N) C1. m Homoveratryl. Hydrochloride 
mp 174-175'. Anal. (C20H30C1F3N02) C1. 0 Methiodide mp 
197-199'. Anal. (CZ1H,,F3INO~) I. P Morpholinopropyl. 
q Methiodide mp 168-170'. Anal. (C18H28FaIN202) I. Di- 
methiodide mp 231-233'. Anal. (C1gH3uFJ2N20) I. 8 Hydro- 
chloride mp 242-243'. Anal. ( C I I H ~ B C ~ F ~ N )  C1. Hpdrochlo- 
ride mp 197-198'. Anal. (CI3H2&1F3N2) C1, N. u 3-Dimethyl- 
aminopropyl. 1) Analyzed for F. w 3-(p-Fluorobenzoyl)propyl 
(see Experimental Section). 

of KB tissuc culture cells. In addition, testing was 
also done 011 human mammary cancer cells with similar 
results. It is of interest that  the niolecular weight of 
each of the three groups, t-butyl (57), tetramethylene 
(54), and pentamethylene (70) lie between 54 and 
70 while the molecular weight of the trifluoromethyl 
group is 69. Clearly, the molecular weight alone is 
not the primary factor in the selective activity of these 
agents. The trifluoromethyl moiety is the most elec- 
tronegative and any increase or decrease in activity of 
these reported compounds should be attributable to this 
factor. 

The starting material in our synthesis was 3-tri- 
fluoromethylcyclohexanone (I), obtained by the cataly- 
tic hydrogenation of m-trifluoromethylphenol followed 
by oxidation.6 This ketone was subjected to the 
various reactions as shown in Chart I. The 3-aza- 
spiro [5.5]undecane derivative I1 was prepared by the 
condensation of ketone I with ethyl cyanoacetate and 
saturated alcoholic NH3 at 0". It is important that  a 
minimum volume of EtOH be used in this case due to 
the solubility of the Guareschi salt in this solvent. 

1 0 CsHizNU 140-145 (0 12) CiaH~FaNzOz' C 

1 Hz CloHioFO" 239-240 CziH~F4C1NOZ 

Analyzed for C1. 

(6) H. C. Brown and C. P. Garg, J .  Am.  Chem. Soc., 8S, 2952 (1961). 

Hydrolysis of thc dicyanoimide with 707, HzS04 yielded 
acid I11 which mas converted into the anhydride IV. 
Reaction of 1V and IX with a variety of amines yielded 
the amic acids which were cyclized smoothly at  180- 
200" to form the imides V and X, respectively. When 
the imides were solids, purification by recrystalliza- 
tion was accomplished; when they occurred as oils, 
distillation was the means of achieving analytical 
purity. IiAlH, reduction of the imides to the cor- 
responding bases proceeded. Data on the imides, 
amines, and their derivatives are listed in Table I. 

The preparation of acid VI11 followed the reaction of 
ketone I with ethyl cyanoacetate, using a modified 
Cope' procedure, producing the cyanoalkylidene ester 
VII. Addition of Y a C S  across the double bond, fol- 
lowed by hydrolysis with concentrated HC1, produced 
acid VIII. Acid VI11 was converted with AczO to 
IX. 

Due to the excellent analgetic and analeptic proper- 
ties of 3-aminospiro [5.5]unde~ane,~ it was of interest 
to prepare the corresponding trifluoromethyl analog 
XIX.  This was performed as follows. Acid I11 Jyas 
converted into its ester and reduced to the glycol XII. 
Dehydration of XI1 with 48% HBr gave the corre- 
sponding spirotetrahydropyran XIII ,  which with 4S% 
HBr and HzS04 produced the dibromide XIV. Con- 
version of XIV to the dinitrile XV with alcoholic KCX 
and hydrolysis with concentrated HCI produced the 
diacid XVI in excellent yield. Pyrolysis of the acid 
XVI in the presence of Ba(OH)2 a t  290-300" yielded 
ketone XVII  which was readily converted into the 
oxime XVIII  and reduced to the desired amine XIX in 
excellent yield. 

Because of the potent neuroleptic properties of 
3-(p-fluorobenzoyl)propyl-3-azaspiro [5.5]undecaneJg it 
mas desirable to prepare the corresponding analog 
with an S-trifluoromethyl substitution. This was 
readily accomplished by the reaction of V (R' = H )  
with 4-chloro-p-fluorobutyrophenone in the presence of 
a trace amount of KI.  The butyrophenone derivative 
had an LD,, of 100 mg/kg ip and produced a decreased 
motor activity and antimorphine activity a t  3 nig/kg. 
I t  was somewhat more potent than chlorpromazine in 
producing ~ e d a t i o n . ~  In  addition, i t  had a faster onset 
of action than the corresponding unsubstituted com- 
pound. 

The 3-aminospiro [5.5]undecane derivative XIX had 
about the same order of activity as the 8-unsubstituted 
compound when tested for analgetic and analeptic 
activity using the methods previously outlined.8 All 
of the compounds when tested in either IIB or mam- 
mary cancer cell cultures displayed no appreciable 
activity except for compounds of type VI and XI where 
R' was the dialkylaminoalkyl group. One of these 
compounds, VI [R' = (CH2)3S(CH3)2], has been 
studied in some detail. It is active a t  1 bg/ml in both 
of the above cell cultures and compared favorably with 
compounds of the type 1, 2, and 3. It has an LDbO of 
200 mg/kg ip in rats and a 3-month chronic toxicity 
screen in rats a t  either 5 or 10 mg/kg ip showed no de- 

(7) A. C. Cope, C. M. Hofmann, C. Wyckoff, and E. Hardenbergh, i b r d . ,  
6S, 3452 (1941). 

(8) L. L'I. Rice, E. C. Dobbs, and C. H. Grogan, J .  M e d .  Chem.. 8 ,  825 
(1965). 

(9) C. H. Grogan. C. F. Geschickter, M. E. Freed, and L. M. Rlce, zbid. .  
8, 62 (1965). 
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tectable pathology. ;\I1 animals niairitaiiied weight 
and growth. In addition, a 50 nig 'kg ip daily dobage 
for 5 days showed 110 reaction. The compound is well 
tolerated in patient:, arid hah had an inhibitory effect for 
over 1 year in patient': with :idvanced stages of cancer of 
the hreaqt arid proitate. 

Experimental Section 
All riieltiiig p o i i i ( h  iThoiiiits-IIoover c*tipilla~~y-type apparatu- 1 

a1.e c~)ri,ec.ted. I<lemeiif al microatialysea were perfornied by 
Svhwarzkopf ;Ilicroaiialyt,ic;al Laborat.or TT.'oodaide, N. Y. The 
iiifrai,ed spectra of all compounds cor spoiided with assigned 
structure r.  Where analyses are indicated only by symbols of 
the elements analytical results obtained for those elements were 
withiii 10.47,  of the theoretical values. 
Trifluoromethylcyclohexanone (I).-m-Trifluoromethylphenol 

was distilled and 131 g (0.81 mole) was dissolved in 200 ml of 
EtOFI arid hydrogenated (1 g of Pt ratalyst, 160", 63.27 kg 'cm2) 
for 6 h r .  The reartion mixture, consisting mainly of uiireacteti 
c i  :wt iitg material, 3-trifl~iorometh?-l( lohesanol, and 3-trifl~oro- 



January 1969 SYIRAKS. XV 129 

with Et20. The filtrate was diluted with 1 1. of dry Et20 and 
permitted to stand overnight a t  0-5". An additional crop was 
obtained, which was filtered, washed, and combined with the 
original (total, 145 g of dried product). The ammonium salt was 
dissolved in 1.5 1. of boiling H20 and acidified with 500 ml of 
concentrated HCI. Compound 11, which precipitated, was fil- 
tered, washed (H20),  aiid dried (132 g, 46%). Recrystallizatioii 
from EtOH-H,O, mp 245-246'. Anal. (C13H12F&302) C, H,  
F, ?;. 
3-Trifluoromethyleyclohexane-1,l-diacetie Acid (111, R = H). 

-Imide I1 (130 g, 0.5 mole) was dissolved in 360 ml of concen- 
trated H2S04 and allowed to stand overnight. H20 (300 ml) was 
slowly added and the mixture was refluxed for 24 hr, diluted with 
600 ml of HpO, cooled, and filtered. The crude product was 
diszolved in a saturated KHCO3 solution, treated with charcoal, 
mid avidified with lO!!< HCl. Compound 111, 90 g (67%), mp 
161-164', separated. Recry>tallizatioii of a small portion from 
H 2 0  or CJ-Iti-petrolerim ether (bp 37-54") gave mp 163-164". 

3-Trifluoromethylcyclohexane-l,l-diacetie Acid Anhydride 
(IV).-The acid I11 ( 5 3  g, 0 . 2  mole) was refliixed with 300 ml of 
Av20 for ;I hr:  the excess A c 2 0  Tvas variirim distilled. Distilla- 
tioii of the rebidrial oil (bp 140-143", 0.2 mm) gave 43.,i g (87yc) 
of prodiict, mp 82-88" (ligroiii). .4na/. (CllH13F303) C, H,  F.  

Ethyl cu-Cyano-a-(3-trifluoromethylcyclohexylidene)acetate 
(VII).-To 83 g (O..; mole) of I in -70 ml of C6H, was added 38 g 
(0.3 mole) of ethyl cyaiioacetate and 1 ml of piperidine. The 
mixture was refliixed with a Ileaii-Stark water trap uiitil iio 

IIsO was collected. The reaction mixture was treated with 500 
nil of H p O  containing 3 ml of cowelitrated HC1 aiid extracted 
with three 200-nil poi,tioiis of EtzO, and the Et20 extracts were 
washed (satnrated NaHCOa, saturated NaCl) and dried (SaaH04). 
The Et20 was removed in vacuo, and the product was distilled, 
101-110° (0.07 mm), 113 g (875;).  ilnal. (C12HlaF3K02) C ,  H, 
N. 

3-Trifluoromethylcyclohexane-1-carboxy-1-acetic Acid (VIII). 
-A soliition of 113 g (0.43 mole) of VI1 in 1 1. of EtOH was mixed 
with 60 g (0.92 mole) of XaCX in 110 ml of HtO. After standiiig 
for 3 days, all d v e i i t s  were removed under reduced pressure. 
The dried powder was taken iip in 730 ml of concentrated HC1 
aiid the mixture was refliixed for 24 hr, cooled, diluted with an 
eqiial voliime of HZO mid allowed to stand overnight. The crude 
acid (63 g)  Tvas filtei,ed, dissolved in 1 0 5  KHCOI solutioii, and 
treated with decoloriziiig carhoii. After filtering, the solution 
was acidified with concentrated HC1 and filtered (45 g, 41cG), mp 
l.il-132° (EtOAc-petrolenm ether). Anal. (CIOH~SF~OI) C, 
13, F. 

3-Trifluoromethylcyclohexane-1-earboxy-1-acetic Acid Anhy- 
dride (IX).-Compoiind \'I11 (20 g, 0.08 mole) was treated with 
.4c20 as described under I\-. Compound IS,  16.2 g (86%), was 
a colorless, vi,.coiis oil (bp 107-109", 0.07 mm). Anal. (CloH11- 

8-Trifluoromethyl-3-azaspiro[5.5]undeeane-2,4-dione (V, R'  = 
H). Method A.-The anhydride I V  (25 g) was mixed with excess 
colicelitrated aqiieons SH3  and slowly heated to 180", driving 
off the exces. NH3 aiid H,O. Cyclization occiured while heating 
a t  180-200O for 1.5 min and gave a quantitative yield of product, 
nip 184-18.5' (acetoiie-H&). Anal. ( C I ~ H ~ ~ F I N O B )  C, H, N. 
8-Trifluoromethyl-3-azaspiroi5.5]undecane (VI, R '  = H). 

Method B.-Finely powdered V (R' = H) (21 g, 0.08 mole) 
was dowly added to a stirred soltition of 12 g (0.27 mole) of 
LihlH, in  1 1. of aiihydroris Et,O. When the initial reaction had 
subsided, the mixtiire was refluxed and stirred overnight. The 
mixture was decomposed bj- the slow dropwixe addition of H20 ,  
filtered free of iiiorgaiiic material, and dyied (Xa2Y04) overnight. 
The Et20 was removed in vuciio, aiid the amine was divtilled 
titider reduced pressirre to give 16.6 g (94(';)> bp 124-125' (23 

The hydrochloride waa prepared in the ubual nianner, nip 

N- [3- (p-Fluorobenzoyl)propyl] -8-trifluoromethyl-3-azaspiro- 
[5.5]undecane Hydrochloride (VI,  R = (CH2)&OC6H4F).- 
Compound VI (R = H) (15.5 g, 0.07 mole) and 7.0 g (0.03 mole) 
of r-chloro-p-fluorobiityropherione was dissolved in 250 ml of 
toluene cwntaining 0.5 g of KI and the mixture was refluxed for 
24 hr. After coolirig, the toluene solution was diluted with 1.5 I. 
of ailhydrous Et20 aiid refrigerated. The HCl of VI  (R = H) 
was filtered (7.0 g). Alcoholic HC1 (10 ml) was added to the 
filtrate and the mixtrue was refrigerated overnight. The product 
was filtered aiid dried, 12 g, mp 231-234". Two recrystalliza- 

A l n d .  (CiiHiAF804) C, H,  F. 

F 3 0 3 )  C, €I, F. 

I I I I ~ ) .  .Inai. (C1IH1,FaN) C, H, S.  

242-2448'. Anal. (CliH1gClF3S) CI. 

tions from EtOH gave 7 g (55%) of product, mp 239-240'. 

N-( 3-Dimethylaminopropy1)-8-trifluoromethyl-3-azaspiro[ 5.51 - 
undecane-2,l-dione (V ,  R' = (CH*)aN(CH3)2). Method C.- 
Dimethylaminopropylamine (40.8 g, 0.40 mole) was slowly added, 
with stirring, to  90 g (0.36 mole) of finely powdered anhydride IV.  
The mixt,ure was heated on an oil bath a t  180-200" for 1 hr. 
Cyclization of the amic acid intermediate was completed a t  the 
cessation of H20 evolution. After cooling, the product was dis- 
tilled, bp 140-145' (0.12 mm), 111.6 g (927,). Anal. (CleH2j- 

N-( 3-DimethylaminopropyI)-8-trifluoromethyl-3-azaspiro- 
[5.5]undecane (VI, R'  = (CHz)aN(CH,)2).-Compound V (R'  = 
(CHQ) ,X(CH~)~)  (5.5 g, 0.16 mole), dissolved in 500 ml of an- 
hydrous Et,O, was slowly added with stirring to a solution of 20 g 
(0.42 mole) of LiAlH, dissolved in 1 I. of anhydrous Et2O. The 
mixtiire was stirred overnight and decomposed, filtered, aiid dried 
(Na2S04) as previoiisly iiidivated under method B. The Et20 
was removed in vacuo and the prodiict was distilled under re- 
diiced pi'erhiire to give 47.6 g (07C;) of prodiict, bp !)2-100° (0.15 
mm). Anal. (C1sH,,F3S,) C, H, F, N. 

The dihydrochloride was prepared in the iisrial manner with 
alcoholic HC1, mp 308-309". dnal .  (Ci6H31Cl,FJV,) C1. 

Diethyl 3-Trifluoromethyleyclohexane-1 ,I-diacetate (111, R = 
C2Hj).-Compound I11 (R  = H),  (125 g, 0.47 mole) was refluxed 
in a mixtiire of 200 ml of a b d u t e  EtOH, 230 ml of C~HP,, and 
30 ml of colicelitrated H804 for 8 hr. After workiiig lip in the 
iisual manlier, the prodiict was di,stilled, bp 94-101' (0.15 mm), 

l,l-Bis( p-hydroxyethyl)-3-trifluoromethylcyclohexane (XII).- 
A solution of 110 g (0.34 mole) of I1 (11 = CIH;) i i i  auhydroris 
Et20 was slowly added with stirriiig t o  a soliitioii of 30 g (0.63 
mole) of LiAlH, in 1 1. of anhydrous EtSO. ilfter stirring aiid 
refluxing overnight, the mixture was decomposed with H,O, 
stirred an additional 4 hr, aiid filtered. The filter cake was 
washed several times with ,500-ml portions of Et2O. The com- 
bined filtrates were dried (Xa,SO4), and, after removal of the 
solvent in vaciio, a residue, 73.8 g ( g o C : )  of criide XII ,  was ob- 
tained. Recrystallization from EtAc and petroleum ether gave 
mp !51-52'. Anal. (Cl1H,,F3O2) C, H.  
8-Trifluoromethyl-3-oxaspiro[5.5]undecane (XIII).-The gly- 

col SI1 (66 g, 0.27 mole) was treated with 300 ml of 4 8 5  HBr 
and the mixture was heated on a steam bath overiiight. After 
cooling, it was poured iiito 300 ml of H20, neiitralized with solid 
Na2C03, a i d  extracted three times with E t20 .  The ethereal 
extracts were combined and washed (dilute HCI, H20 ,  saturated 
NaCl). After drying jSa2S04), the Et& was removed in 2iacu0, 
and the rehidue was distilled, bp 87" (4 mm), 39.3 g (99%). 

l,l-Bis(~-bromoethyl)-3-trifluoromethylcyclohexane (XIV).- 
Compound XI11 (38 g, 0.26 mole) was dissolved in 300 ml of 48c/', 
HBr and 150 ml of concentrated &SO4 was added in small por- 
tions with shaking and cooling. After heating at  100" for 24 hr, 
the mixtiire was cooled and poured into 1 1. of H 2 0  arid extracted 
(three 200-ml portions of Et20). The Et20 solution was washed 
(H20, satiuated NaHC03, NaCl) then dried (Na2SO4). The 
Et20 was removed in t'acuo, aiid the residue was distilled, bp 
118-120" (0.7 mm), 78.4 g (82%). Anal. ( C I I H ~ ~ B ~ ~ F ~ )  C, H,  
Br. 

1 ,I -Bis( p-cyanoethyl)-3-trifluoromethylcyclohexane (XV).-A 
bo1ut)ion of 76 g (0.21 mole) of the dihroniide XIV dissolved in 300 
ml of EtOH was added rapidly with stirring to a solution of 35 g 
(0.34 mole) of K C S  in 250 ml of 80% EtOH. The mixture was 
refluxed for 24 hr and poured into 2 1. of HZO. The aqueous sus- 
pension was extracted with three 250-ml portions of EtZO, and the 
extracts were combined, washed (HgO), and dried (Xa2S04).  
After removal of the solvent in vacuo, the residue was distilled to 
yield 47 g ( 8 6 s )  of product, bp 134-137' (0.2 mm). Anal. 

3-Trifluoromethylcyclohexane-l,l-dipropionic Acid (XVI, R = 
H).-Compound XV, 46.5 g (0.18 mole), was refliixed with 400 ml 
of concentrated HCI for 24 hr and then diluted with 400 ml of 
H2O. The oil which separated could not be induced to crystal- 
lize and was extracted with EtrO, treated with a saturated KHCOB 
solution, and reacidified. The acid was extracted with E t 2 0  and 
dried (Na2S0,), the solvent vias removed in. oucuo (50 mm), and 
on cooling the clear melt solidified into a glass (50 g, 95%,) which 
could be induced to crystallize. Anal. (C13H1gF,04) C, H. 

8-Trifluoromethylspiro[5.5]undecan-3-one (XVII).-Coni- 
pound XVI (R  = H )  (49 g, 0.16 mole) was mixed with 5 g of 

Anal. (C21HzsClF4NO) C, H, C1, N. 

FsNpOi) C, H, F, K. 

119 g (79';;). 9nd .  (CiaH23F304) C, H. 

Anal.  (CiiHijF30) C, H.  

(Ci3HiiFaS2) C, H,  S. 




