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(DME).
methaod.

3-Cyanomethylimidazo{1,2-¢]pyridine (6). Method D.---The
wethiodide of the 3-dimethylaniinomethylimidazo[l,2-a] pyri-
dinet (83.7 g, 0.26 mole) was dissolved in 500 ml of EtOH, pre-
viously dried with NaBH,, NaCN (38.9 g, 0.8 mole) was added,
aud the niixture refluxed for 16 hr, After filtering, the EtOI1l
was removed under vacuum and the residue was taken up i H.0
(250 ml) aud extracted (CH.Cls, 1500 nil). The solvent was
decolorized aud evaporated. The residiie was ervstallized (CeHe)
collecting a first crop (11 g).  The filtrate was percolated throngh
alunting aud concentraced to about one-third voluime. A second
crop was collected (10 g), vield 51¢7.  Compounds 7-9 were syi-
thesized by the sanie procedure,

2-Methyl-3-carboxamidomethylimidazo[1,2-¢|pyridine (18).
Method E.—The 2-methyl-3-diitethyluminomethylimidazo-
[1,2-¢}pyridite methiodide* (100 g, 0.3 mole) wus dissolved in
400 ml of H,0, treated with 44.6 g (0.9 mole) of NaCN, and
refluxed for 3 hr.  After cooling, the solution was extracted
(CI11,CL) and the solvent was discarded. After 16 hr at 5°,
1 ervstalline solid was filtered aud recrystallized froin H,0 giving
41 g (739,) of 18.  Conipounds 17, 19, aud 20 were obtained by
the e procedure.

(3-Imidazo{1,2-a]pyridine)acetic Acid 125). Method E.-—A
wmixture of 9.5 g (0.03 nwle) of the 3-dimethylawinomechyl-
imidnzo{1,2-¢)pyridine wethiodide and 4.42 g (0.09 mole) of
NaCN in 96 ni of H.0 was refluxed for 3 hr; the N(CH;); and
N1 gns were collected 1 a 3C¢ solution of HHBOy and titrated
with I N HuS80s The cheoretical amonnt of 60 wml was used.
The solntion obtained was evaporated nnder vaenum aud he
residie was washed (Me,CO, FtOAc¢;.  The solid (6.6 g) was
dissolved 111 25 ml of 11,0 and the pH was adjusted to 6.7 with
AcOH, Conpound 25 was filtered and recry=callized from 9967
LOH (2.8 g, 53¢,

3-Carboxamidomethylimidazo[1,2-a]pyridine (16). Method
F. - An iutimate wixture of 3 g (0.017 nwole) of (3-lmidazo-
[12-a)pyridine)acetic acid (25) and 3 g of uren was melted aud

Conmpounds 15 and 19 were prepared by the =ame
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heated at 190-195° Tor 3 hir.  Alter cooling, the vesidue wis
wizhed (507 Nal{COy, cold Me.CO) nud reervstallized (MeOH)
L5 g LS oh

(2-Methyl-3-imidazo(1,2-«]pyridine )acetic Acid (27). Method
G.- A solution of 6 g (0.032 wole) of the mmide 18 and 15 g of
IKOM 1 30 wd of Ha0 and 120 wld of 959 EtOH was refhixed nnder
N: for 2 hre The NHp gns was collected 1non 500 solntion of
H3BO, and titeared with 1.V HaROy The solntion was evapo-
rated nud the residne was dissolved in 40 ml of H.O and de-
colorized.  The <olition was adjasted to pH T with AcOll and
the precipitiated =olid wax collected, vield 4 g (61C5 1 The above
procedire wis nsed to svnthesize the carboxylic acids 21, 22, and
31 starting from the corresponding mnides, aud 23--25, and 30
<tarting tfrom the nitriles. The neid 26, which wis very solnble
in 10, could be obained by hydrolvzing the corresponding
nitrile, by percolating the alkaline =oludon over Amiberlite TRC
50 (CO:H form), and by evaporating die eluace to dryness.

The 2-(4-chlorophenyl-3-caboxyiimidazo{ 1,2-¢|pyridine coald
not be prepared beennise hoth alkaline aud acidie hydrolysix of che
nitrile 4 or of the amide 14 led to extensive deearboxvladon;
2-(4-chlorophenyhimidazo[l.2-¢|pyridine was the only com-
pound isolated,

2,7-Dimethyl-3-carboxymethylimidazo(1,2-a|pyridine (291
Method H. - A solution of 2-nmino-4-methylpyvridine (21.6 g
0.2 moled and methyl 3-bronolevilinate 20.9 g, 0.1 wmole) in
99¢, ItOH (%0 miy was stirred ac 60° Tor 3 hr. The solvent was
remtoved 7n caceo and the residie, dissolved i1 Ha0), was nlkalized
with NuOH nnd extmeted (CHCL).  The agneons laver was
brought to pll 6.7 widi AcOH and distilled in racico until dry.
The residne was tritnrated with 11,0 @15 wml) and the solid ob-
tnived was filtered and washed with icewiuter,  The neid 29
wits recrvstallized from 850 FtOIT (36 w1 as o white, hyvgro-
scopie crvstalline =olid (6 g3 Cemponnds 27 and 28 were
obtuined by the smme procedure.

14 NL P Baa-fof and Neayen-tloin, Zve. Tvie. Chim,, 68, 411 (18014,
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Virions =piro[3.4)decane and spivo[5.5)ndecane componnds containing a triflaoromethyl snbstitntion i the

7 or 8 position have beeu synthesized.

When evaliated biologieally, N-Gi-dimethvlaminopropyl)-8-trifinoro-

wethyl-3-nzaspiro [5.5}undecane showed the best activity and is poteutially an inceresting anticaneer compounnd.

Molecular modification of @ parent compound has
long been a tool in the design of safer and more effective
synthetic analogs. In numerous cases, the trifluoro-
miethyl group has led to compounds with a more favor-
able ratio of primary activity to side effects. With
this ns a basie corollary, we have now evaluated the
effect on potency and other reactions of the trifluoro-
methyl group when introduced in position 8 or 3-aza-
#piro[5.5Jundecane and position 7 of 2-azaspiro [5.4]de-
cane (Table I).

We have been interested in the cytotoxicity of 3-
azaspiro [5.5 Jundecanes and have previously reported on
the activity of 9-butyl (1).* S.9-evelotetramethylene

(1} Parl X1V: 1. M. Riceand K. R, Scott, J. Mel. Chem., 11, 378 (1068).

€2) Supported by the Gesehickter Fund for Medical Research. [ne.

13) L. M. Rice, C. F. Geschickter, and C. H. Grogan, J, Med. Chem., 6,
388 (1063).

(2),% and 9.9-evclopentunethylene (3)%° derivatives.

1 |
CH— (I'—OC_\'—H <_J>:><:\ N—k
CH,

1 2

3
All of these compounds have an inhibitory activity in
the rauge of T ug ml or less when tested on the growth

£14) 1. M. Rice, K. R. ®eocl, and €. (1, Crogan, 1bid., 8, 765 (1966).
() L. M. Rice, M. 12, Freed, and C. Y, Grogan, J. Org. Chen, 28, 2037
(1964),
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TasLe 1
3-TRIFLUOROMETHYLSPIRAN DERIVATIVES®

X
CH,—C”
\
D AN
(CHn—CS
CF,
Bp (mm)

n X R or mp, °C Formula Method?
0 (¢} H 110-112 CuHi1:FiNO2 A
0 H. H 40~42 (0.07) CuH)gFsN°¢ ¢ B
o O CHz 130-131 CuHuFsNO: A
0 H: CH: 60-64 (0.5) CuHigFaN/ ¢ B
0 (o] CH:CH==CH: 95-98 (0.13) CusH1sFsNO2 C
0 H. CH:CH=CH: 55-58 (0.17) CisHzoFiN B
0 0 GCHu 160-164 (0.02)  CiHzF:NO2 C
0 H: CsHas 110-114 (0.12) CisHaFsN#? B
0 O CrHF? Glass CiHuFiNO: A
0 H: CHF 109112 (0.08)  CuHaF:N' B
o O CuH130.™ Glass CuHuFsNOs A
0 H: CuHi0: 145-150 (0.10) CaHagFsNOs™° B
0 [¢) C:HuNO? 170-180 (0. 13) CirHsFaN20s? C
0 H: C:HuNO 120-125 (0.08) C17H2sF3N 0™ B
o O N (CHas) 67.5-69 Ci1zH17FsNO2 A
0 H: N (CHzs)2 49-51 (0.05) Cr:HaFsN2 B
1 O H 184-185 CnHuFsNO: A
1 H. H 124-125 (24.0) CuHisFsN* B
1 (o] N (CHas)2 Glass CisH1oFsN20:2 A
1 H: N(CHj: 73~75 (0.08) CisHuFsN2! B
1 (o] CsHi:N¥ 140-145 (0.12) CisHyFiN 202" C
1 H: CsHie N 92--100 (0.15) CisH3sF3N2” B
1 H: CuHuwFO¥ 239-240 CaHzxF4CINO?

@ Analytical results were within £=0.49) for C, H, and N for all
compounds listed. ? See Experimental Section. ¢ Hydrochloride
mp 103-105°. Anal. (CiHpCIF;N) Cl, N, 4 Picrate mp 184-
185°, Anal. (CisHipF3N,O7) N. ¢ Phenylthiourea mp 172-173°.

Anal. (CisH,F3N,S) N. 7 Methiodide mp 267-268°.  Anal.
(C1,HaF3IN) 1. 7 Hydrochloride mp 215-217°. Anal. (CuHis-
CIF;N) Cl. * Cyclooctyl. * Methiodide mp 247-248°, Anal.

(Ci1sHgsF3IN) I. 7 Hydrochloride mp 148-150°, Anal. (CsHa-
CIF;N) Cl. * p-Fluorobenzyl. ¢ Hydrochloride mp 204-206°.
Anal. (CzHpnCIFN) Cl. ™ Homoveratryl. *» Hydrochloride
mp 174-175°. Anal. (CyuHyuClF;NO,) Cl. ¢ Methiodide mp
197-199°.  Anal. (CyHzpF;INO.) I. 7 Morpholinopropyl.
2 Methiodide mp 168-170°. Anal. (ngHQgFaINQOQ) I. »Di-
methiodide mp 231-233°. Anal. (C,yHgF3IL.N;O) 1. ¢ Hydro-
chloride mp 242-243°, Anal. (CiHisCIF;N) Cl. ¢ Hydrochlo-
ride mp 197-198°. Anal. (CiuH,CIF;N,) Cl, N. » 3-Dimethyl-
aminopropyl. * Analyzed for F. ¥ 3-(p-Fluorobenzoyl)propyl
(see Experimental Section). # Analyzed for ClL

of KB tissue culture cells. In addition, testing was
algo doue on human mammary cancer cells with similar
results. It is of interest that the molecular weight of
each of the three groups, {-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-
fluoromethyleyclohexanone (I), obtained by the cataly-
tic hydrogenation of m-trifluoromethylphenol followed
by oxidation.® This ketone was subjected to the
various reactions as shown in Chart I. The 3-aza-
spiro[5.5Jundecane derivative II was prepared by the
condensation of ketone I with ethyl cyanoacetate and
saturated alcoholic NH; 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.

(6) H. C. Brown and C, P, Garg, J. Am. Chem. Soc., 83, 2952 (1961).
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Hydrolysis of the dicyanoimide with 709, HosSO, yielded
acid III which was converted into the anhydride IV.
Reaction of IV 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. T.iAlH, reduction of the imides to the cor-
respouding bases proceeded. Data on the imides,
amines, and their derivatives are listed in Table I.

The preparation of acid VIII followed the reaction of
ketone I with ethyl ecyanoacetate, using a modified
Cope’ procedure, producing the cyanoalkylidene ester
VII. Addition of NaCN across the double bond, fol-
lowed by hydrolysis with concentrated HCI, produced
acid VIII. Acid VIII was converted with Ac,O to
IX.

Due to the excellent analgetic and analeptic proper-
ties of 3-aminospiro[5.5]undecane,® it was of interest
to prepare the corresponding trifluoromethyl analog
XIX. This was performed as follows. Aecid IIT was
converted into its ester and reduced to the glycol XII.
Dehydration of XII with 489, HBr gave the corre-
sponding spirotetrahydropyran XIII, which with 4897
HBr and H,SO, produced the dibromide XIV. Con-
version of XIV to the dinitrile XV with alcoholic KCN
and hydrolysis with concentrated HCl produced the
diacid XVI in excellent yield. Pyrolysis of the acid
XVI in the presence of Ba(OH); at 290-300° yielded
ketone XVII which was readily converted into the
oxime XVIITI 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 Jundecane,® it
was desirable to prepare the corresponding analog
with an 8-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 at 3 mg/kg.
It was somewhat more potent than chlorpromazine in
producing sedation.® In addition, it had a faster onset
of action than the corresponding unsubstituted com-
pound.

The 3-aminospiro[5.5 Jundecane 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.® All
of the compounds when tested in either KB 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’ = (CH,);N(CH;):], has been
studied in some detail. It is active at 1 ug/ml in both
of the above cell cultures and compared favorably with
compounds of the type 1, 2, and 3. It has an LDs of
200 mg/kg ip in rats and a 3-month chronic toxieity
screen in rats at either 5 or 10 mg/kg ip showed no de-

(7) A. C. Cope, C. M. Hofmann, C. Wyckoff, and E. Hardenbergh, ¢bid.,
68, 3452 (1941).

(8) L. M. Rice, E. C, Dobbs, and C. H. Grogan, J. Med. Chem., 8, 825
(1965).

(9) C. H. Grogan, C. F. Geschickter, M. E. Freed, and L. M. Rice, ibid..
8, 62 (1965).
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tectable pathology. All animals maintained weight
and growth. In addition, a 50 mg/kg ip daily dosage
for 5 days showed no reaction. The compound is well
tolerated in patients and has had an inhibitory effect for
over 1 year in patients with advanced stages of cancer of
the breast and prostate.

Experimental Section

All welting points (Thomas-Hoover capillary-type apparati=)
are corrected. Elenieutal niicroanalyses were performed by
Sehwarzkopf Microanalytical Laboratory, Woodside, N. Y. The
infrared speetra of all compounds corresponded with assigned
stritetiires. . Where analyses are indicated only by symbols of
the elements analyvtical results obtaiued for those elements were
within £=0.4%; of the theoretical values.

Trlﬂuoromethylcyclohexanone (I).—m-Triflucromethylphenol
was distilled and 131 g (0.81 mole) was dissolved in 200 ml of
EtOH aud hydrogenated (1 g of Pt catalyst, 160°, 63.27 kg/em?)
for 6 hr. The reaction mixture, u)u\latmg mainly of mireacted
starting material, 3-trifinoromethyleyclohexatiol, aud 3-trifluoro-

()
CH.COOJ
——————r ()
CH.CO0j Y
(T, CF a
11 1V
|
¥
0
CH.CH.OH
NR’
CH.CH.oN
CF, CF 0
X1 \
{ i
' !
Ul Cr
X Vi1
CH.CH,Br CH.CH,CN
——
CH,CH,Br CH.CH.CN
CF. CF
X1V XV
;
CH.CH,COOR
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Ty Cr
NV NV
|
¥
Ty cr
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R’ =H oralipliatic amine

medhyleyelohexanone™ wis dissolved in 600 md of FGO aad wis
washed =everal timex with 100-ml portious of 10¢, NnOH.
After drying (Na.80y) aud removiug all organic solvents, the
niixture was dissolved in Et,O and oxidized by the H.CrO, pro-
cedure of Browi.® The producet (48 g, 28€7) wax obtained by dis-
tillation, bp 175-177° (46°, 4 mm). A glpe analy=ix of the dis-
tillate ou the 305-cin UCON eolumn (column temperatire, 225°;
helimu flow, 100 wl/min) showed it to be greater thaun 97¢; pure.
Anal. (C;H,F;0) C, 1, F.

The 2,4-dinitrophenylhydrazone wus prepaved i the sual
mauner, mp 167-168° (EtOH).  dnal. (CuHiFsN,0,) C, 1, T,
N. The thiosemicarbazone, 11p 135-137° (MeOH-1.0). _{nal
(CsHpNS) ¢, H, I, N. The oxime, mp (ligroin).
Anal. (C;HuF,NO)C, H, F, N

1,5-Dicyano-8-trifluoromethyl-3-azaspiro|5.5|undecane-2,4-
dione (II).—Compound I (160 g, 0.96 mole) and 226 g (2.0
moles) of ethyl cyanoacetate were mixed and cooled to 0°.
EtOH (500 ml) saturated with NH; at 0° was added aud che
wiixeure wax stoppered and stored at 0-5° for 1 week. At the eud
of this period the precipitated NHy* =alt was filtered nud wnshed

52-03°

(10) Trace amounls of 3-meihyleyclolexanone, tolnene, and didlaorolole-
ene were also vbtained bat were not investigated furtlrer.
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with Et,0. The filtrate was diluted with 1 1. of dry Et,O and
permitted to stand overnight at 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 H,O and acidified with 500 ml of
coucentrated HCl. Compound 1I, which precipitated, was fil-
tered, washed (H,0), aud dried (132 g, 469;). Recrystallization
from EtOH-H;0, mp 245-246°. Anal. (CisHpFsN;O») C, H,
F, N.

3-Trifluoromethylcyclohexane-1,1-diacetic Acid (III, R = H).
—Imide II (130 g, 0.5 mole) was dissolved in 360 ml of concen-
trated H,SO, and allowed to stand overnight. H,O (300 ml) was
slowly added aud the mixture was refluxed for 24 hr, diluted with
600 ml of H.O, cooled, and filtered. The erude product was
dissolved i a saturated KHCO; solution, treated with charcoal,
and acidified with 10¢7 HCl. Compound III, 90 g (67%), mp
161-164°, separated. Recrystallization of a 2mall portion from
H,0 or CeHe—pecrolenn ether (bp 37-54°) gave mp 163-164°.
Anal. (C“I{“F‘\;O:‘) C, H, F.

3-Trifluoromethylcyclohexane-1,1-diacetic Acid Anhydride
(IV).—The acid III (55 g, 0.2 mole) was refluxed with 300 ml of
A0 for 3 hr; the excess A0 wax vacuum distilled.  Distilla-
tion of the residual oil (bp 140-145°, 0.2 mm) gave 43.5 g (879
of produet, mp 82-83° (ligroin). Anal. (CHisFs0s) C, H, F.

Ethyl «-Cyano-a-(3-trifluoromethylcyclohexylidene)acetate

(VII).—To 83 g (0.5 mole) of T in 50 ml of C¢H¢ was added 38 g
(0.5 mole) of ethyl cvanoacetate and 1 ml of piperidine. The
wixture was refluxed with a Deau-Stark water trap uutil no
H.O was collected. The reaction mixture was treated with 500
ml of HyO containiug 5 ml of coucentrated HCI and extracted
with three 200-ml portions of Et,0, and the Et;0 extracts were
wished (saturated NaHCOy, saturated NaCl) aud dried (Na,SO,).
The EtyO was removed in vacuo, aud the product was distilled,
101-110° (0.07 mm), 113 g (879). Anal. (C:H1F3NO,) C, H,
N.

3-Trifluoromethylcyclohexane-1-carboxy-1-acetic Acid (VIII).
—A solution of 113 g (0.43 mole) of VII in 1 1. of EtOH was mixed
with 60 g (0.92 mole) of NaCN iu 110 ml of H,O. After stauding
for 3 days, all solveuts were removed under reduced pressure.
The dried powder was takeu up in 750 ml of coucentrated HCI
and the mixture was refluxed for 24 hr, cooled, dilitted with au
equal volume of H.O aud allowed to stand overnight. The crude
acid (63 g) was filtered, dissolved iu 1067 KHCO; solution, aud
treated with decolorizing carbon. After filtering, the solution
was acidified with concentrated HCI aud filtered (45 g, 419,), mp
151-152° (EtOAc—petrolenm ether). Anal. (CiHiF304) C,
H, F.

3-Trifluoromethylcyclohexane-1-carboxy-1-acetic Acid Anhy-
dride (IX).—Compound VIII (20 g, 0.08 mole) was treated with
A0 as described under IV, Compound IX, 16.2 g (86%;), was
a colorless, viscous oil (bp 107-109°, 0.07 mm). dnal. (CioHu-
F;0;) C, H, F.

8-Trifluoromethyl-3-azaspiro[5.5]undecane-2,4-dione (V,R’ =
H). Method A.—The anhydride IV (25 g) was mixed with excess
concelitrated aqueons NHjz and slowly heated to 180°, driving
off the excess NHj and H,O. Cyclization occurred while heating
at 180-200° for 15 min and gave a quautitative yield of product,
mp 184-185° (acetone-H,0). Anal. (C,H.F3;NO;) C, H, N.

8-Trifluoromethyl-3-azaspiro{5.5/undecane (VI, R’ = H).
Method B.—Finely powdered V (R" = H) (21 g, 0.08 mole)
was slowly added to a stirred solution of 12 g (0.27 mole) of
LiAlH, in 1 L. of auhydrous Et:O.  When the initial reaction had
suibsided, the mixture was refluxed and stirred overnight. The
mixture was decomposed by the slow dropwise addition of H,O,
filtered free of inorganic material, and dried (Na.30,) overnight.
The Et:O was removed in vacuo, and the amine was distilled
under reduced pressuve to give 16.6 g (94¢(), bp 124-125° (23
mm).  nal. (CyHEFN) C, H, N.

The hydrochloride was prepared in the usual mauner, mp
242-243°, Anal. (CunClFaN) Cl.

N-{3-(p-Fluorobenzoyl)propyl}-8-trifluoromethyl-3-azaspiro-

[5.5]undecane Hydrochloride (VI, R = (CH:);COCH,F)—
Compound VI (R = H) (15.5 g, 0.07 mole) and 7.0 g (0.03 mole)
of v-chloro-p-fluiorobutyrophenone was dissolved i1 250 ml of
toluene containiug 0.5 g of KI aud the mixture was refluxed for
24 hr.  After cooliug, the toluene solution was diluted with 1.5 1.
of anhydrons Et,0 and refrigerated. The HCl of VI (R = H)
was filtered (7.0 g). Alcoholic HCl (10 ml) was added to the
filtrate and the mixture was refrigerated overnight. The product
was filtered and dried, 12 g, mp 231-234°. Two recrystalliza-
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tions from EtOH gave 7 g (559%,) of product, mp 239-240°.
Anal. (CyHuCIFNO) C, H, Cl, N.
N-(3-Dimethylaminopropy!)-8-trifiuoromethyl-3-azaspiro[5.5] -
undecane-2,4-dione (V, R’ = (CH,);N(CH;):). 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 mixture was heated on an oil bath at 180-200° for 1 hr.
Cyeclization of the amic acid intermediate was completed at the
cessation of H,O evolution. After cooling, the product was dis-
tilled, bp 140-145° (0.12 mm), 111.6 g (929). Anal. (CsHa;-
FaNQOQ) C, H, F, N.
N-(3-Dimethylaminopropyl)-8-trifluoromethyl-3-azaspiro-
[5.5]undecane (VI, R’ = (CH,)}N(CHj);).—Compound V (R¢ =
(CH2);N(CHy)y) (35 g, 0.16 mole), dissolved in 500 ml of an-
hydrous Et,0, was slowly added with stirriug to a solutioun of 20 g
(0.42 mole) of LiAlH, dissolved iu 1 1. of anhydrous Et,0. The
mixture was stirred overnight aud decomposed, filtered, and dried
(Na,80,) as previously indicated under method B. The Et,0
was removed 7n racwo and the produnt was distilled nnder re-
duced pressure to give 47.6 g (975%) of produet, bp 92-100° (0.15
mm). Anal. (CeHuF3Ny) C, H, F, N.
The dihydrochloride was prepared in the usual mauner with
alcoholic HCL, mp 308-309°. Anal. (CiHuCLF;N,) Cl
Diethy! 3-Trifluoromethyicyclohexane-1,1-diacetate (III, R =
C,H;).—Compound III (R = H), (125 g, 0.47 mole) was refluxed
in a mixture of 200 ml of absolute EtOH, 250 ml of CsH,, and
30 ml of conceutrated H,SO, for 8 hr.  After workiug up in the
usttal mauner, the product was distilled, bp 94-101° (0.15 mm),
119 g (799). Anal. (C;HyF;0,) C, H.
1,1-Bis( 3-hydroxyethyl)-3-trifluoromethylcyclohexane (XII).—
A solution of 110 g (0.34 mole) of IT (R = C,H;) u anhydrous
Et,0 was slowly added with stirring <o a solution of 30 g (0.63
mole) of LiAlH, in 1 1. of anhydrous Et;0. After stirring and
refluxiug overuight, the mixture was decomposed with H.O,
stirred an additional 4 hr, and filtered. The filter cake was
washed several times with 500-ml portious of Et,0. The com-
bined filtrates were dried (Na,S0,), aud, after removal of the
solveut in vacuo, a residue, 73.8 g (909;) of crude XII, was ob-
tained. Recrystallizatiou from EtAc¢ aud petrolenm ether gave
mp -'-)1—520. ‘4710/], (CuHmFaOg) C, H
8-Trifluoromethyl-3-oxaspiro[5.5]undecane (XIII).—The gly-
col XII (66 g, 0.27 mole) was treated with 300 ml of 48¢; HBr
aid the mixture was heated ou a steam bath overnight. After
cooling, it was poured into 300 mi of H,O, neutralized with solid
Na;CO;, aud extracted three times with Et,O. The ethereal
extracts were combined and washed (dilute HCI, H,O, saturated
NaCl). After dryiug (Na:S0,), the Et.O was removed in vacuo,
and the residite was distilled, bp 87° (4 mm), 39.3 g (99%).
Ana/. (CanFaO) C, H
1,1-Bis(3-bromoethyl)-3-trifluoromethylcyclohexane (XIV).—
Componud XIII (38 g, 0.26 mole) was dissolved in 300 m! of 489,
HBr aud 150 ml of coucentrated H,SO, was added in small por-
tions with shaking aud cooling. After heating at 100° for 24 hr,
the mixture was cooled aud poured iuto 1 1. of HyO aud extracted
(three 200-ml portious of Et,0). The Et,0 solution was washed
(H,0, saturated NaHCO; NaCl) then dried (Na,S0,). The
Et,0 was removed in vacuo, and the residite was distilled, bp
118-120° (07 mm), 78.4 g (82%) Anal. (CanBl'gFa) C, H,
Br.
1,1-Bis(B-cyanoethyl)-3-trifluoromethylcyclohexane (XV).—A
solution of 76 g (0.21 mole) of the dibromide XIV dissolved in 300
ml of EtOH was added rapidly with stirring to a solution of 35 g
(0.54 mole) of KCN in 250 ml of 80¢; EtOH. The mixture was
refluxed for 24 hr and poured into 2 1. of H:O. The aqueous sus-
peusion was extracted with three 250-ml portious of Et,0, and the
extracts were combined, washed (H,0), aud dried (Na,SOy).
After removal of the solveut in vacuo, the residue was distilled to
vield 47 g (86%) of product, bp 154-157° (0.2 mni). Anal
(CuHFsN.) C, H, N.
3-Trifluoromethylcyclohexane-1,1-dipropionic Acid (XVI, R =
H).—Compound XV, 46.5 g (0.18 mole), was refluxed with 400 ml
of concentrated HCI for 24 hr and then diluted with 400 ml of
H,0. The oil which separated could not be induced to crystal-
lize and was extracted with Et,0, treated with a saturated KHCO;
solution, and reacidified. The acid was extracted with Et,O and
dried (Nas8S0,), the solvent was removed in vacuo (50 mm), and
on cooling the clear melt solidified into a glass (50 g, 959;) which
could be induced to crystallize. Anal. (Ci3H,oF;0,) 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
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Ba(OH), iu a 300-ml flask equipped with a 20-cut colinnn,  Ou
heating, some H,O distilled above the melting point of the acid
aud active pyrolysis started at about 2090°. The pressure was
reduced to 250 mm aud gradually to 2-3 mn1 as the reaction
proceeded. A small amouut of froth passed over into the receiv-
ing flask as the process coutinued. When no more discillate was
obtained, the distillate was dissolved i 300 uil of 0 uud
washed (H,0, KHCO;, H.O, NaCl). After dryving (Na,80,), the
Et,0 was removed in vacuo, and the residue was distilled, bp 97-
100° (0.6 mm), 17.3 g (30¢7). Anal. (Ci,Hi:F:01 C, H.

8-Trifluoromethylspiro[5.5]undecane-3-ketoxime (XVIII).--A
niixture of 10 g of NH,OH-HCl and 12 g of NaAe wax dissolved in
the smallest volume of HxO to give a clenr solution.  Compound
XVII (9 g) was added with stirring and che mixtire was shaken
vigorously for 1 hr.  After filtering, the crude product (9.5 g, mp
109-110°) was recrystallized from MeOH und then from EtAe,
mp 115.5-116.5°. Anal. (C.HWF;NO) C, H, N.

Studies on the Cholinergic Receptor. I1.'

3-Amino-8-trifluoromethylspiro{5.5| undecane (XIX). -I'he ox-
ime XVIII (8 g, 0.03 mole) was dissolved iu anlivdride kt,0 and
was slowly added to a golution of 7 g (0.15 nwole) of LiAlH, in
300 ml of anhydrous Et.Q.  After stirriug and refluxing for 6 hr
the mixture was decomposed aud filtered.  The ethereal solition
was dried (Na.80,) and the Et,0 was removed in vacro.  Vacinn
di=tillation of the residue gave the produet (6 g, 86€,), bp 77-790°
{0.75 mu).  Conversiol in the usnal manuer gnve the hydro-
cldoride (aleoholic HCLL, mp 203-206° (FiAe aod PO,
Anal. CpHgCHIFND ) 1L CLONL
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Monosubstituted and Bicyclic Derivatives

of cis-2-Methyl-4-dimethylaminomethyl-1,3-dioxolane Methiodide*”’
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In coutinnation of owr stiudies on rigid analogs of aceryleholine, sowe 7-axa-2,4-dioxa-ces-bieyelo[3.3.0]octane
methiodides (III) have been prepared. These are bicyclic aualogs of the potent muscarinic agent cis-2-methyl-
4-dimethylaminomethyl-I,3-disxolane methiodide (VI). For comparative purposes the ¢is- and trans-2-methyl-
cl-4-dimethylaminomethyl-3-methyl-1,3-dioxolane methiodides (IV) have been prepared so that che effects of
H-methyl substitution could be determined. Muscariuic activities of these componuds were low but an inversion
of geometric specificity, relative to cis- and frans-2-methyl-4-dimethylaiminoniethyl-1,3-dioxolane methiodide,
was noted with the 3,7-dimethyl-7-nsu-2,4-dioxa-cis-bicyclo [3.3.0}octane methiodides, the exo isonier being wore

potent than the endo isomer by a factor of ten.

This observation way be rationalized by assuming that the

quaternary animonium group coustitutes the primary binding site in these compounds and thus determines che
general mode of binding of the remaiuing molecnlar strnetnve.

A fundamental problen: in the analysis of structure -
activity relationships is that of relating wmolecular struc-
ture to the relative geometry of the binding sites on the
macromolecular receptive surface: this problem is
particularly acute with small flexible molecules such ns
acetyleholine and some of its congeners where, despite
the existence of preferred conformations in the crystal-
line and solution state, it is not possible to assume that
these are also the conformations ivolved in binding it
the receptor surface."® A partial solution to ths
problem may be obtained by the use of analogs of
active niolecules in which conformational rigidity pre-
determines the relative geometry of the propozed bind-
ing groups.

An important consideration in this general approach
1 that the molecular modification required to convert a
flexible molecule into a rigid or semirigid analog should
involve the minimum structural change in the nctive
uwolecule.  This point wax discussed in part I of this
series of papers and forms the bagiz for our choice of
analogs of ¢is-2-methyl-4-dimethylaminomethyl-1,3-di-

(1) Part ] of this series, M, May and D. J. Trigele, J. /e, Sci., 87, 311
(1968).

(2) Tlhis work was supported by wgrants Irom tte U. 8. Public 1loallic
Service (GM 11603) and NABA (NGR-33-015-016).

(3) Presented in part at the 155th National Meeting of thie Americun
Chemnical Society, San Francisco, Calif., April 1968 (Abstract No. 3 o)
Medicinal Chemistry Section).

(4) P. Pauling in *Stmictural Chewnisiry aud Molecalar Biolosy,” A. Ricl
and N. Davidson, Ed., W. 1. Freeman & Cu., San Fratwciseo, Calil., 1068, p

A0,

oxolane methiodide®® (VI) in which reduced conforma-
tional flexibility may be achieved without the incorpor:-
tion of additional potential binding groups.

In this paper we report the synthesis and muscarinic
activities  of - 7T-uzn-2,4-dioxa-cis-bicyelo [3.3.0 Joctanes
(ITI) which cant duplieate one of the limiting confornin-
tions of the highly active agent VI Since. in some
ways, HT s more inalogous to a 2,4, 5-trisubstituted 1,3-
dioxolane, we have prepared for conparative purposes
the 5-methyl derivative of VI, 2-methyl-cis-4-dimethyl-
aminomethyl-dH-methyl-1,3-dioxolane methiodide (IV),
z0 that the effects of 5-methyl substitution on the
activity of VI can be determined.

Chemistry.—-The bicyeclooctanes (IIT) were prepared
by reaction between methylamine and the correspond-
g 4.5-cis-bischloromethyl-1,3-dioxolane (IT) and sub-
sequent quatermzation of the formed tertiary amine
with methyl iodide. The intermediate dioxolanes (I1)
were obtained”™ from meso-1,4-dichloro-2,3-dihydroxy-
butane® (I) and the appropriate aldehyde or ketone
(Scheme I).

The chloromethyldioxolanes Ile and IId were ob-
tained in admixture. Guaz chromatography revealed
two conmpounds in the ratio of 1:4 (peak areas) and this
was confirmed by unr spectroscopy. The nmr spee-

(3 D.J Trigele pred Bo Bellead, Coaa, J. Clem., 40, 1201 11162y,

@ DL Trigele, " Chenical Aspeets of the Adtonomie Nervous Sys(om,”
Academie Press, Lowlon, 1983, p Y1,

71 J. F. W, MeComie, Advari. Org. Chem., 3, 264 (1063).

(8) L. N. Owen, J. Chem. Soc., 243 {1949).



