July 1967

dl-1,2,3,4,4a0,4b3,5,6,7,8,8a,9,10,10a3-Tetradecahydro-73-
hydroxy-2¢-phenanthreneacetic Acid (23b) (Isomer B)—The
mother liquor residues from the immediately preceding experi-
ment were hydrolyzed according to the general procedure to
give the title compound. Two recrystallizations from ethyl
acetate and one from acetoue afforded 3.13 g (299, 2 steps) of
23b, mp 164-166°. Further recrystallization from acetoue af-
forded the analytical sample, mp 170-176°. Tle analysis, doue
as with isomer 4, indicated one compound was present, &5 0.50).
Anal. Caled for CisHueOs: C, 72.22; H, 9.85. Found:
C,72.3; H, 10.1.
dl-1,2,3,4,4a,4b3,5,6,7,8,8a¢,9,10,10a3-Tetradecahydro-73-

hydroxy-2¢-phenanthreneacetic Acid (23b) (Isomer A).—The
ester 23a (4.5 g) was hydrolyzed according to the general pro-
cedure and the product was recrystallized once from ethyl acetate
to give 3.95 g (97% ) of the title compound, mp 214-216°. Tlc
analysix o1 a silica gel plate using acetic acid—-CHCly (3:97) for
development indicated that oune compound was preseut, R
1.56. Further recrystallization gave nip 214.5-215.5°.

Anal. Caled for CigHwO;: C, 72.22; H, 9.83. Found:
C,72.5; H,90.8.

Dimethylaminoethy! di-1,2,3,4,4a4,4b3,5,6,7,8,82,9,10,10a3-
Tetradecahydro-73-hydroxy-2¢-phenanthreneacetate (23c, Iso-
mer A)—This basic ester was prepared from 3.5 g of 23b, ixomer
A, in the standard mauner to give 4.3 g of basic oil which was puri-
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fied by partition chromatography on 300 g of Supercel as de-
sceribed i the general procedure. The major band was eluted
and the recovered oil was converted to 3.2 g (649,) of the hydro-
chloride salt of the title compound, mp 247-251°. Recrystalliza-
tion from methanol with ether added afforded the analytical
sample, mp 255-257°. The free base, liberated from this salt,
could not be distinguizhed from isomer B baze by glpe.

Anal. Caled for CeHuNO; -HCL: C, 64.24; H, 9.71; Cl,
9.48. Found: C,64.1; H, 9.9; CI,9.5.

Dimethylaminoethyl di-1,2,3,4, 4a«, 4b3,5,6,7,8,8a¢,9,10,10a3-
tetradecahydro-73-hydroxy-2z-phenanthreneacetate (23c¢) (iso-
mer B) was prepared from 2.2 g of 23b, isomer B, i the standard
marer to give 2.53 g (819) of the title conipound as its hydro-
chloride salt, mp 196-206°. Oue recrystallization from acetone
raized this melting point to 202-213° and it was unchanged upon
further recrystallization.

Anal. Caled for CoHuNOs HCL: C, 64.24; H, 9.71; Cl,
9.48. Fouud: C, 64.4; H, 9.8; Cl, 9.4.
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Basic esters have been made which bear a distait resemblance to the Erythrophleumn alkaloid cassaine. These
monocyelic and bicyclic analogs were needed in order to define the role of the skeleton and various substituents

of cassaine in its cardiac action.
The Erythrophlewm alkaloid cassaine (1) is reported
to be quite similar to digitalis in its action as a cardiac
stimulant.! Both of these drugs suffer from the dis-

_COOCH:CH:N(CHs):

advantage of producing toxic symptoms in doses ouly
slightly higher than those producing therapeutic effects.
It was of particular interest to determine the role of
the skeletal structure and the various substituents of
cassaille in the cardiotonic activity and toxicity demon-
strated by this alkaloid. In papers II? and ITI? of
this series we have described a large number of basic
esters which bear a rather close resemblance to cassaine.
Presently we report some more distant analogs of this
compound.

The bicyclic analog 5 was prepared from the trans
ketone 2. A Wittig reaction using trimethyl phos-

(1) See F. Eriavec and 3. Adami&, Arch. Intern. Pharmacodyn.. 188, 251
(1963): E. L. McCawley, Alkaloids, 8, 101 (1955), and references therein.

(2) R. L. Clarke, 8. J. Daum, P. E, 8haw, T. G. Brown, Jr., G. E. Grob-
lewski, and W. V. O'Connor, J. Med. Chem., 10, 582 {1967).

{3) 8. J. Daum, M. M. Riano. P. E. Shaw, and R. L. Clarke. J. Org.
Chem. 82, 1435 {1967).

H
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H
2,R=0
3, R=CHCOOCH;

4, R=CHCOOHO
5, R =CHCOOCH.CH.N{(CHj):

phonoacetate transformed 2 into the «,g-unsaturated
ester 3 which was a roughly 1:1 mixture of c¢s and
trans isomers (about the double bond). No effort
was made in the presently reported work to separate
these isomers since it was found in the series of closer
analogs? that there were ouly slight differences in the
cardiotouie activity of such cis and trans isomers.

Hydrolysis of ester 3 was accomplished with NaOH
in aqueous ethanol to give carboxylic acid 4. Basic
ester 5 was then formed by the reaction of 2-dimethyl-
aminoethaiiol on the acid chloride of 4. This acid
chloride was best prepared by treating the sodium salt
of 4 with excess oxalyl chloride in the presence of pyri-
dine. Any intermediate function formed at C-6
from attack there by oxalyl chloride was decomposed
by the treatment with 2-dimethylaminoethanol; the
6-hydroxy basic ester was isolated.? Incidentally, the
6-acetate ester of 5 was also prepared.

This sanie sequence of reactions was used in the
preparation of all of the basic esters reported here.
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Therefore, these model reactions are described in the
Experiniental Scction as general procedures and only
specific deviatians, physical praperties, and analyscs
arc reported under titles of individual compounds.

An even stpler group of exter (umlng\* 1= represented
by structures 6-8. The required actd chloride inter-
mediates for 6 and 7 were prepared by the action of

CHCOOCH: CH:N(CHa)2

9, R= CHQCHQN(CH:;)Z
10, R=C.Hx

SOCH on the required carboxylic acid =ince no hy-
droxyl group was present at C-4.

A xerious tnconvendence in all the work reported here
and carlier2e® has been the necessity for working with
cis-lrans mixtures of unsaturated esters and acids
having broad melting ranges and poor (‘ry%tallizing
properties.  Ester 9, represc nting only rings A and C
of caszaine, has an axis of rotational symmetry wlhich
permits ho ers-lrans isomerisnt [t is also attractive
from the standpoint of having the required? C-3 and
C-15 (cassaine numbering) functional groups held with
the proper separation.  These constderations prompted
the synthesis of several compounds of this type.

Bie wluhoul 4.4'-dione, readily available from p,p’-
bisphenol by the method of W ilds. Shunk, and Hoft-
man,® was treated with 1 molar equiv (+7%) of tri-
ethyl phosphonoacetate to give the required ester 10
(359,) together with 3797 of starting material and 69
of diethy] bicyelohexyl-A'«!t «~diacetate (11). Ester
10 was then converted to basic ester 9 in the standard
maler,

ST JUTTTN
CaH;OCOCH== }—( /ECHcoocsz
N \\_...

11

Baste ester 9 turned out to be an oil which failed to
form a crystalline hydrochloride, nitrate, sulfate, phos-
phate, or 1,5-naphthalenedisulfonate salt. A solution
of the basic ester in 2 N HCI or an aqucous solution of
ester hydrochloride began o slow precipitation of the
correzponding carboxylic acid within a few minutes.
Such nstability to hydrolysis wus not noted in any of
the other basic esters reported here or earlier.? The
A-ring ketone of this flexible molecule must somehow
be involved since the corresponding hydroxy ester
14 is stable. Basic esters in the rigid tricyclic series?
bearing a keto group in ring A are also stable to these
mild conditions.

Reduetion of keto ester 10 with lithium aluminum
tri---butoxyhydride produced hydroxy ester 12, This
sharply melting product is @ di mixture of a single geo-

ClAL Lo Wikds, €
76. 1783 (1950,

11. Shouk, and ¢, H. Motfican, J. dm. Chem. Noc.,

anp O'Cosyzon AVl 10
H
: / Al
N A7 ’ a1
RO-.—" . ™~ L T COOR’
' f h
12, R - 17, B = (it R = CHLCTE-
13, R NCTE o
14, R 18, R = C.HNHCO: R? W
A 19, R = (‘y.II.NII(() Vo= II
15, R 20, I = CJIENTICO; I{’
16, R CTHLCTLNICH,

metrie tsomer.  The equatorial charaeter of the hiy-
droxyl group iz assunied on the basix of the known
course of reduction of unhindered ketones by this reu-
gent.?

Hydrolysis of 12 gave acid 13 which was converted
to basic ester 14, The hydrochloride and phosplate
salts of this ester were quite stable in agueais solution
i contrast to the mstability of the above-mentioned
ketone analog.  Aecid 13 was readily resolved by
fractional erystallization of = I-(1-nuphthybethyl-
amine salts but these optieally active aelds were not
eniverted to optiently aetive haste esters when i was
found that di-ester 14 had ondy shight cardiotoni
daetivity,

Two livdroxyl group derivatives of ester 14, the /-
butyt ether 17 and the phienyhurethan 20, were pre-
pared.  The required hydroxyt derivatives were neude
at the ethyl ester stage (15 and 18) and converted to
hasic exters in (he stand 11(1 nnner rie aeids 16 nnd 19.

The curdiotonic aetivity of these more distant aua-
logs of cassaine = reported in Table 1 along with the
corresponding datie for cussaine. For o commparison
with =one closer medogs and for details of the testing
procedures, sce the necompuuying paper.”

Tapre 1
CARDIOTONIC ACTION ANo TONICITY o1 UassyaNE AN sLOGS N
THE INTACT ANESTHETIZED” Doa VeNTiicLs
Iose
1oodaems
w 200
e e le Moriory o0
No. of Toree. hisgher deses,

Comped oxpds me ket iy wu ky
Clrssaine 19 (i 4/ 0004
i I T a/2 014
Seacetate 2 40 Fsbot s
6 ase n bhree observed
i Devrense i forer observal
> 2 >N f/2 002
4 B [ S/ ot 2 ad b
14-11CT 3 [ 1/ i 4
14-H,P0, 1 >4 h P/ ar

» Anesthetized with pentobarbital at 50 vig/kg. © Dose eal-
culated as the Iree base. @ Respiratory arrest, 4 Asvstole.

Experimental Section®

General Procedure for Wittig Reactions. Methy! //-3,4,4a0,-
5.6,7,8,8a8-Octahydro-63-hydroxy - A20H).a - naphthaleneacetate
).—A solution of 841 g (0.156 mole) of =odiuni methoxide and
28.1 g (10.154 mole} of trimethyl phosphonoacetate in 125 ml of
dry dimet‘hvlf()rmamidc (DAF) wax stirred for 3 min oc¢ room

(5) O. H. Wheeler and J. L. Matcos, Chem. Ird. (Lwolonr, 305 11U,

{6) Al melting points are eorrected,  The nfrared spectra were cecorded
on a Perkin-Elmer infrared spectropliolometer, Mode) 21, The nileaviolee
spectra were recorded vn & Cary speetrophiotoideter, Model 15, Ple sibicx
wel {100—200 mesh) ased for column elromatography was otramed from rbhe
Davison Co., Balthnore, Md. That used for plate chromaLtowraphy was 1ype
P 254, Brinckmann Instruments, Westbory, N. Y.
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temperature and then a solution of 13.15 g (0.0783 mole) of
di-3,4,4a0,5,6,7,8,8a8- octahydro - 68 - hydroxy - 2(1H) - naphtha-
lenone (2)7 in 33 ml of dry DMT was added in a single portion.
This mixture was stirred at room temperature for 45 min, poured
into ice and water and neutralized with 2 ¥ HCL. The product
was extracted with ether, and the extracts were washed with
brine and concentrated to effect precipitation of 4.4 g of Wittig
product, mp 74-90°. The mother liquor residue was chromato-
graphed on 250 g of silica gel using 1:4 — 1:1 ether—pentane to
elute an additional 3.76 g of product, mp 74-77°. A 149 re-
covery af starting material was also obtained from the column.
The 8.16 g (47%) of product was reerystallized from ether with
hexane added to give 3.45 g of 3, mp 79-97°, AE¥ 221 mu (e
17,000), 1:2 cis—trans isomer mixture (by glpe).

Anal. Caled for CiHypOs: C, 69.61; H, 8.98. Found:
C, 69.5;, H, 8.8,

General Procedure for Preparation of Unsaturated Acids.
dl-3,4,4a,5,6,7,8,8a3-Octahydro-63- hydroxy - A21H).« - naphtha-
leneacetic Acid (4)—A solution of 5.5 g (0.025 mole) of methyl
ill-3,4,480,5,6,7,8,8a8-0ctahydro-68- hydroxy - A?1M.« . naphtha-
leneacetate (3) in 170 ml of 959, ethanol was treated with 68
ml (0.14 niole) of 2 N aqueous NaOH and heated under reflux
for 1.5 hr. The alcohol was removed by warming under re-
duced pressure and the aqueous solution (with more Hy() added
if the sodium salt of the prodiet had partially precipitated) was
washed with ether. The aqueons sohition was acidified with 2 N
HCI aud the precipitated acid was collected on a filter if it crystal-
lized. In the present case the precipitate was oily and was
separated by ether extraction. The extract was washed with
brine, dried (Nas80,), and concentrated to a residue which crystal-
lized upon trituration with ethyl acetate. Two recrystallizations
from ethyl acetate gave 3.0 g (58%) of acid 4, mp 170-189°,
AZOH 991 mu (e 15,900).

Anal.  Caled for C,His0s: C, 68.56; H, 8.63. Found:
C, 68.7; 11, 8.6.
General Procedure for Making Basic Esters. 2-Di-

methylaminoethy! di-3,4,4a¢,5,6,7,8,8a8-Octahydro-6 3-hydroxy-
Al a.naphthaleneacetate (5).—A solution of 7.95 g (0.0378
nwole) of dl-3,4,4a4,5,6,7,8,8a8-0ctahydro-68-hydroxy-A21H a.
naphthaleneacetic acid (4) in 150 ml of THF was treated with
2.04 g (0.0378 mole) of sodinm methoxide, and the mixture was
stirred for 5 min and concentrated to a residue by warming under
reduced pressure. A suspension of the residue in 150 ml of
dry beuzene and 7 nil of pyridine was stirred in an ice bath while
50 ml of oxayl chloride was added. This mixture was stirred for
5 niin cold and for 30 min at room temperature and then concen-
trated to a residue at <40°. A suspension of the residue in 50
ml of benzene was treated with 50 ml of 2-dimethylaminoethanol
with cooling and stirring, and this mixture was heated on the
steam bath for 10 min. It was cooled and diluted with 800 ml
of ether and 600 ml of saturated Na,COs solution. The layers
were separated and the water layver was washed with ether and
discarded. The combined ether layers were extracted with
two 10D-ml portions of 2 N HC}, and the combined extracts were
niade basic with NaOH solution. The alkaline mixture was
extracted with ether and the extracts were washed with brine
and dried (NasSQ;). Removal of the ether afforded the crude
basic ester.

The crude basic ester was purified by partition chromatography
as described by Brown and Kupchan® The solvent system em-
ployed was a 12:1:2:0.2 mixture of hexane-ethylene dichloride—
methanol-11:0. Supercel (360 g) was wetted with 275 ml of the
polar phase containing 90 mg of bromocresol purple, the color
of the mixtire was adjusted to a pale creamy yellow (faintly acid)
by gaseous HCl, and the solid was packed into a column 9 ¢m in
diameter. The sample was dispersed on 16 g of Supercel and
placed on the top of the column. Elution of the column with
the noupolar phase of the solvent mixture developed the column;
the position of all basic material was clearly revealed by blue
hands. The product was recovered either by elution or slicing of
the column, depending on the separation of the bands. In the
present case the product was eluted to yield 7.74 g (739%) of
5 as an oil.

The hydrochloride salt was prepared from this oil and recrystal-
lized from acelone to give 5.7 g of material, mp 173-185°, AEOF

226 mu (e 17,600). A sample of this salt was converted to the

{7) R. L. Clarke and C. M. Martini, J. Am. Chem. Soc.. 81, 5716 {1959).
(8) K. 8. Brown and 8. M. Kupchan, J. Chromatog., 9, 71 (1962).
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free base which was found by glpe to be a 1.2:1 trans—cis isomer

mixture. For configurational assignment see ref. 3.
Anal. Caled for CisHnNO;-HCL: C, 6046; H, 8.88; Cl,
11.15. Found: C, 60.4; H, 8.6; CI, 11.4.

The 3-acetate ester hydrochloride of 5 was prepared by treat-
ing 2.12 g of 5 with 10 ml of acetic anhydride and 10 m! of pyri-
dine overnight at room temperature. The solution was diluted
with cold water, made strongly basic with dilute NaOH, and
extracted with ether. The extract was washed with brine and
concentrated to a residue which was purified by partition chroma-
tography as described above but wsing 60 g of Supercel. The less
polar of the two bands contained 1.79 g (73%) of the desired ace-
tate. It was converted to its hydrochloride salt which was re-
crystallized by dissolution in acetone followed by addition of
ethyl acetate with boiling until the acetone was largely removed.
This salt melted at 160-195° and was a 1:1.4 trans—cis isomer
mixture (glpe on base).

Anal. Caled for C;sH:sNOs-HCL: C, 60.07; H, 8.40; C|
9.85. Found: C, 60.0; H, 8.1; Cl, 9.7.

2-Dimethylaminoethy! Al<«-Cyclohexaneacetate (6).—A solu-
tion of 31.0 g (0.221 mole) of Ale.cyclohexaneacetic acid? in 300
ml of dry benzene was treated with 60 ml of SOCl, and heated
under reflux for 2 hr. The solvents were removed by warming
under reduced pressure and the residue was dissolved in 300 ml
of dry benzene. 2-Dimethylaminoethanol (60 ml) was added
dropwise with stirring and cooling, and the resulting mixture was
then heated under reflux for 2 hr. The mixture was cooled,
diluted with 2 L. of ether, and extracted twice with 2 ¥ HC],
the second extract's being strongly acidic. The combined ex-
tracts were made alkaline with 359, NaOH with cooling, and the
liberated base was extracted with ether. These ether extracts
were washed with water and brine, dried (MgS0,), and concen-
trated to give 37.3 g of brown, oily basic ester 6.

A solution of this oil in 500 m! of ether was treated with 20.4 ml
of 8.7 N ethanolic HCl and (he precipitate was collected and
recrystallized from acetone to give 35.0 g (64%) of the hydro-
chloride salt of 6, mp 172-174°. One further recrystallization
from acetone gave the analytical sample, mp 173-174°, Ao
224 mu (e 16,900).

Anal. Caled for C:HaNO.-HCL: C, 58.17; H, 8.95; Cl,
14.31. Found: C, 58.4; H, 8.8; Cl, 14.5.

2-Dimethylaminoethy! 2-methyl-A!.@-cyclohexaneacetate (7)
was prepared from an oily, unseparated mixture of c¢is and trans
forms of 2-methyl-Al@-cyclohexaneacetic acid!® by means of the
procedure described in the preceding experiment. The crude
base was converted to its hydrochloride salt which was recrystal-
lized three times from acetone to give crystals, mp 129-131°

(139%).
Anal. Caled for CiHuNO.-HCL: C, 59.65; H, 9.24; C],
13.55. Found: C, 59.5; H, 9.1; Cl, 13.4.

Ethy! 4-hydroxy-A!--cyclohexaneacetate was prepared from
24.2 g of 4-hydroxycyclohexanone!! using the general Wittig
procedure described above. Tlc on a silica chromatoplate de-
veloped with 1:49 methanol-ether showed that the reaction
was complete in about 5 min. The crude product was distilled
and the portion which boiled at 114-142° (0.1 mm) was collected.
This oil (34.5 g) was chromatographed on 500 g of silica gel
using 1:1 ether—pentane for elution. The principal product from
the column was then distilled to give 26.0 g (679 ) of pure title
compound, bp 119-121° (0.3 mm), which showed a single spot by
tle.

Anal.  Caled for CroHi60s: C, 65.20; H, 8.75.
65.3; H, 9.0,

4-Hydroxy-Al.e-cyclohexaneacetic acid was prepared by
hydrolysis of 21.6 g of ethyl 4-hydroxy-Atle-cyclohexaneacetate
in the standard manner. When the aqueous solution coutaining

Found: C,

{9) This compound has been reported by V. J. Harding, W. N. Haworth,
and W, H. Perkin. Jr., J. Chem. Soc.. 98, 1943 {1908). but is most readily
prepared from cyclohexanone by the Wittig reaction followed by hydrolysis
according to our general procedures.

(10) H. Hauth. D. Stauffacher, P, Niklaus, and A. Malera. Helv. Chim.
Acta, 48, 1087 (1965), obtained a mixture of cis and trans ethyl 2-methyl-
Alie.cyclohexaneacetate from the reaction of triethyl phosphonoacetate
with 2-methylcyclohexanone. Preparative glpe was used to separate the
isomers which were then hydrolyzed to the corresponding acids. No ex-
perimental detail was given. We used our standard procedures on 2-methiyl-
cyclohexanone without separation of isomers to give an oily mixture of ethyl
esters and an oily mixture of acids,

{11) J. B. Aldersley, G. N. Burkhardt, A. E. Gillam, and N. C. Hindley.
J. Chem. Soc., 10 (1940).



5906 CrargEe, Davy, Sraw, BrRowN, GROBLEW=KI, AND O'CONNOL Vol 10

the sodium salt of the product was acidified, 6.50 g (3507) of
crystalline acid precipitated, mp 145-149°.  Omne recrystalliza-
tion of this prodict from ethyl acetate afforded 6.05 g of crvsinls
of the desired acid, mp 151-152° and nnchanged npon further
reerystallization.  The solution from which the =olid sepurated
was saturated with salt and extracted with ether.  Concenira-
tion of the extracts gave an oil which crystallized poorly and
was a mixture of (wo substaneces with only slightly different £y
calnes.  The niixtire was not lnvestigated.

Anal. Caled for CgH0,: C, 61.51; H, 7.74.
61.5; H, 7.9,

2-Dimethylaminoethy! 4-hydroxycyeclohexyl-A’ #-cyclohexane-
acetate (8) wax prepared in the s<tandard mauner from 16.5 g
of 4-hydroxveyclohexyl-arawcvelohexaneacetic acld usxing oxalvl
chloride. The crude basic ester wax purified in bwo portions by
partition chromaiography using 360 g of Supercel for each por-
tion.  The purified base was covverted to its hydrochloride salt
which was reerysiallized from acetonitrile to give 12,5 g (4577)
of the dexired =alt, mp 159-162°. Two further recryvstallizations
gave the analvtical =ample, mp 153.5-166°.

Anal. Caled for CuHaNOy-HCE €L 34.65:
13.45. Found: C,54.4: 1 84 Cl 154,

Ethyl 4-(4-Oxocyclohexy!)-A'-2.cyclohexaneacetate (10).-'1'o
a soltion of =odinm ethoxide, prepared from 8.6 g (1,37 g-utonn)
of sodin, in 850 ml of devy DMT at 10-20°, was added with stir-
ring 85.5 g (0.37 wole) of triethyl phosphonoacetate in 20 min
and =tirring was continiied for 30 min more.  This solution wiax
then added dropwixe with vigorous =iirring 10 a =ohition of 67.1
g (11346 mole) of bievelohexyvl-4,4'-dionet in 525 il of dry DA
at 15-20° 1y 1.3 hree The resulting <olntion was allowed to
stand at room temperature for 2 hr and was then ponred into
A Loof satnrated =ali sohition,  This mixture was extracted three
fintes with ether and the extracts were dried (NaeSt)y) and con-
centrated to give 107.3 g of an oily residue. This was chromato-
graphed on 1.5 kg of «liea gel. Elution withe ether-peniane
(9 removed 8 g of diethy! bicyclohexyl-A+ @iV« ' diacetate (11
The melting point of this pre<imably eis—irans mixtire was -
69° after one recrystallization from methanol and 82-71° after
a1 zecond recrystallization [7.05 g, 677 AnS™ 294 1p (e 36,000)].

Anal. Caled for Coll, O €0 7183 L 004, Found: 4
TEN: RS,

Elution of the chromatographic cohimn with ether-pentane
(1:4) removed 34.6 g of 10 which, after a single recrystallization
froun hexave, afforded 32.4 g (3577 ) of muterial melting at 56-58°,
AR O9T mi (e 17,4000, AT 5.85 and 5.90 (carbonyls) and 6.14
(ero double bond i,

Anal. Caled for CeHal)y: €, 72.70; M, 0015,
I, 0.2,

Ehition of the column with pure ether removed 24.6 g (571
of nochanged starting material.

4-(4-Oxocyclohexy!)-Al «.cyclohexaneacetic Acid.—A solution
of 314 g (0.195 mole) of ethyl 4-(4-oxocyelohexyl)-ala-cyvelo-
hexaneacetate in 851 ml of absolute cthanol was treated with 145
mlof 2 N agueoux NaOH and allowed to stand overnight.  Work-
up i the standard mauner afforded 36 g of acid which was re-
ery=tallized twice from acetonitrile 1o give 25.0 g (56 ) of prod-
net, mp 161.5-164.5° and unchanged upon further reerystalliza-
tion, AEQH 220 mp (e 15,500).

dnal. Caled for CigllyDy: €, 7116 H, 8.53; neut equiv,
256, Found: C, 71.83: H, 8.6; nent equiv, 240,

2-Dimethylaminoethy! 4-(4-Oxocyclohexyl)-Al-2-cyclohexane-
acetate (9).--The title compound was prepared in the standard
nuinner from (7.4 g (0.074 mole) of 4-(4-oxoevelohexyl)-ata.
evelohexaneacetic acid. At the poinr where the product was
normnally  purified by partition chromatography, the present
product {14.6 g1 was chromatographed on 600 g of silica gel
using a0 0.3:0.5:70:20 mixture of methanol-isopropylamine-
ether-pentane for chition, Thix afforded 6.91 g of oil which
still was slightly impure (by tle). A portion of this oil wax used
in unsuccessful attempts to obtain crystallive nitrate, hydro-
ebloride, and 1,5-naphthalenedisulfonate salts.

The remaining 5.5 g of oily product was dissolved in 25 ml of
2 N HCL  The resulting clear solution became cloudy within
2 nin. Iy was allowed to stand for 30 min, washed twice with
ether, and filtered throngh Supercel. It was made alkaline with
concemrated NH;OH and rhe precipirated oil was extracted with
two portions of ether. The extracts were dried (NasSty) and
concentrated (o give 4.1 g of a pale green oil.

The green oil wa= subjected to partition cliromatography on 3tit
g of Supercel using the method described in the general procedure

Found: C,

th N4t CL

Found: (.,

for making basic esters, Coneentration of the ebate ymde
reduced pressnre with a final dryving period of 2 by at 507 and
112 nun pressure afforded 2272 ¢ (12005 of the desired hosic
exter (91 0= » pale green oil, ALY 02805 g e TTUML The
DIr <pectrum wis consi<tent with the assigned <tructnre. This
hase failed o for o crvstalline hvlrochbiride, <ilface, or phos-
phite salt.

o Ualed for Culy N O 70033
Found: CoT005; T3 N4,

Ethyl «/-4-14-Hydroxycyclohexy!j-A' «-cyclohexaneacetate
(121L--A =olution »f 2.00 g (L0076 mole) of 10 iy 25 b of dry
THE was added dropwize with stirring (o o =ohition of 3.00 ¢
(L0122 molet of Hihinm aluionm ri-tbutoxyhydride in 55 mi
of dey THT av 5- 1%, The resulting sohition wax stirred for 5
i, aeated with 2 ml of mecetie acid, and coneentrated 10 0 resi-
die by warming noder redneed pressare. The residue was dis-
solved in ThO and ether, the Iayvers were separated, and the ciber
taver was washed with dibite HCEL O Coneentration of this e1her
<ohition afforded 103 g oF crvstalline <olid.  Reervstathzatbm
of the solid wwire Yooy acetonitrite afforded EOD g (GO0 1 of 1he
desired hvdroxy estey 12, mp 102 -133°, which wax <how: by
vapor phase chmmatography co he 991, pore.

dnels Coled for Cudlaty: €0 720000 HL 2040 Fonnd: ()
FRIER IR

l-4-(4-Hydroxycyclohexyl |-\ ¢.cyclohexaneacetic Acid (131
--Compound 12 was hydrolyzed in the standard manner except
that the reaction mixire was alowed 1o =tand overnight instead
of being heated under reflnx, Reervstallizaiion of the acidic
product from cthyl vectace atforded 1 44 vielkd of materinl
which melted ar IS2-186° 10 aun wpen capillary (ihe aud o)
I8A-IN7.5% in an evaciated ube.

Anal. Cabad for OO G, 70605 HL 05T nent egiy,
23805 Found: (0 d0ut H, 9.6 pent eguiv, 241

The ether extract of the atkaline reaction mixture mraished
300, of recovered starting material,

i-4-(4-Hydroxyeyelohexyl)-Ate.cyclohexaneacetic Acid /-1-(1~
Naphthyl)ethylamine Salt.—A wurin solution of 30 ¢ (1.5
mmole) of /-13 in 3 ml »f methanol was treated with .22 ¢
(L3 mmolest of /-1- fenaphthylethylnnine® and the resulting
sohition wax enpecutrated to 1 l, wherenpon o ervsialline solid
separated.  The mixtare was cooled, dibited with 25 ml of ether,
and filtered.  The colleeted salt {033 g) waus recerystallized from
35 mlb of hot aceconitrile with cooling only to about 40° midd col-
teetion of the necedbes which hod separated: (124 g mp ITS-18N°,
Two tnrther reervstatlizo ons alforded 114 @ of Blades, inp FUELS
19:5.5°, and o OGmeth recrystatization gave 011 g ol the desired
laeid-hase, mp 192,05 1945, Tai®n = H1° {¢ 1, KtO1h

nal, Caled O CoyHLNO O 76260 T S.62:
Found: ¢, 761 L S70 N, OaL

(-4-{4-Hydroxycyclohexyl}-A! “-cyclohexaneacetic Acid «/-1-
{1-Naphthyl)ethylamine Salt.--A warm <olution of 162 ¢
{1LO6X mole) of =13 in absohite erthanol was treated with 1240 g
(070 moley o LE- benaphrhyDerhylanine® A crvstalline
precipitate formed shorily. Eiher (400 mly was added and the
precipitate of crde Sacid=Hhase (217 g) was collected. Three
reery=tallizations gove the pire salt ax deseribed in 1the preceding
experinient.

The combined mother Hgnors (rom the aperatinns just de-
seribed were then rich i the d-neid =alis.  Coneentration afforded
181 g of o =olid vesidne which wiax treated with 200 b of 1O
and #4 mb ol 2.V Nanth The Hberated base was extracted wich
two portions of ether and the alkaline aqueons <ohition was then
acidified with 2.V IHCL A precipitate Formed which was colleeted,
air-dried, and diszolved in 75 ml of absolute cilumol. Addition
of 6.00 g of d-1-r T-naphibyhiechylamine!? caused precipicidon »y
H.0 g of the d-base salt of the d-aeid, mp 186-1923°0 Dibiiion
of the Altrare with 423 ml of ether precipitated o further 201 g
of <ulty wp IS3-189° after =oftening ar 174°, Reerystallization
of thix xecond crop nf erastals from 275 ml of neetonitrile ntforded
£.5 g of blades, mp I88=142°0 The 13- and the 10-g samples
combined 327 vield) were then recrystallized from acetonitrile
to give thin blades of d-neid-d-hase which melted at 102-194°,
[a]%) 4+54° et FOH

Anal. Caled (or CullaNOg
Found: €, 76,1 T 550 N, 5.4,

/-4-{ 4-Hydroxyveyclohexyl)~-At«-cyclohexaneacetic Acid (13 -
A LAteg <ample of /-4-0d-hydroxyeyelohexyb- 20 eevelohexnne

L 95t N 1o,

A 2

76.06: T, NB20 NL Be.

(123 Sohd as Besobhie- iy the Researelc aad Developmoeld Deparnuaent,
Rack MHil} Laborayory, Newport, Tenn.
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acetic acid {-1-(l-naphthylDethylamine salt was shaken with 20
ml of 1 ¥ NaOH solution and 50 ml of ether. The water layer
wus separated and acidified. The theoretical amount of l-acid
was precipitated (0.58 g), mp 187-192°. Recrystallization from
ethyl acetate atforded 0.47 g of needle clusters (or heavy plates
of an nnstable polymorph which reverted to needles on standing),
nip  195-194° and nuchanged by further recrystallization,
[a]®p —77° (¢ 1, EtOH).

Anal.  Caled for CiuHuO3: C, 70.56; H, 9.31; neut equiv,
238.3. Found: C, 70.5; H, 9.4; neut equiv, 239.

d-4-(4-Hydroxycyclohexyl)-Al@.cyclohexaneacetic acid (13)
wag obtained from its d-1-(1-naphthyl)ethylamine salt in the
mauer just described for the l-acid. Eleven grams of the salt
yielded 5.61 g (88¢¢) of acid melting at 190-193°. Recrystal-
lization from ethyl acetate atforded needle clusters or transient
heavy plates which reverted to needles, mp 193-194°, [«]%D
+75° (e 1, EtOII).

Anal.  Caled for C:HxO5: C, 70.56; H, 9.31; neut equiv,
23%.3. Found: C, 70.8; I, 9.0; neut equiv, 236.

2-Dimethylaminoethy! /-4-(4-hydroxycyclohexyl)-Al-«.cyclo-
hexaneacetate (14) was prepared in the standard mauner from 6
g of dl-acid 13. The product from partition chromatography
solidified. A single recrystallization from acetonitrile furnished
all analytically pure sample (1.31 g, 17%), mp 97-98.5°.

dnal. Caled for CsHyNOy: C, 69.87; H, 10.10; N, 4.52.
Fouud: C,69.6; H.0.8; N, 4.8.

The hydrochloride salt of ester 14 was recrystallized from iso-
propyl aleohol to give colorless needles, mp 234-235°.

Anal. Caled for CsHy;yNO;-HCL: C, 62.50; H, 9.33; Cl,
10.25. Found: C,62.5; H,9.4; Cl, 10.1.

The dihydrogen phosphate salt, recrystallized from absolute
ethanol, formed plates, mp 178-188°, which were soluble to 109
in water in contrast to the <19 value for the hydrochloride salt.

Anal. Caled for CHyNO;-H,PO.: N, 3.44; P, 7.60.
Found: N, 3.4; P, 7.4

Ethy! dl-4-(4-t-Butoxycyclohexyl)-Al.@-cyclohexaneacetate
(15).—A mixture of 6.00 g (0.0225 mole) of 12, 150 ml of CH,I,,
1.50 nil of BF; etherate, 11.66 ml of 1009, HyPt),, and 100 ml of
Isobutelie wax shakeu vigorously in a closed vessel at room tem-
perature for 4 hr. To this mixture were added 75 ml of 2 N
NH.OH, 7 ml of brine, and 100 ml of ether. The layers were
separated and the organic layer was washed twice with brine
and concentrated to a residne. This was chromatographed on
150 g of xilica gel using 1:9 ether-pentaue for elution to give
5.04 g of crude product.  Elntion with pure ether afforded 1.38
g (2300) of recovered starting material, nip 95-100°. Recrystal-
lization of the product from methanol gave 4.92 g (689) of
title componnd, mp 72-77°.  Oue further recrystallization raised
the melting point to 77-79°, ABC" 222 my (e 17,900).

Anal. Caled for CoHyO;: C, 74.48; H, 10.63. Found: C,
74.4; T, 10.5.

l-4-(4-t-Butoxycyclohexyl)-Al-@.cyclohexaneacetic Acid (16).
—A olution of 3.54 ¢ (1.011 mole) of 15 in 61 ml of 959, ethanol
was treated with 10 ml of 2 . NaOH (0.020 mole) and allowed
to stand overnight. Work-up in the standard manner afforded
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1.37 g (399) of recovered ester from the neutral fractions and
1.85 g of crude acid (16). Recrystallization from acetonitrile
furnished 1.20 g (389%,) of 16, mp 188-190°.

Anal. Caled for CsHy,O;: C, 73.43; H, 10.27.
73.2; H, 10.2.

2-Dimethylaminoethy! d/-4-(4-t-butoxyecyclohexyl)-Al2
cyclohexaneacetate (17) was prepared from 1.84 g of 16 iu the
standard manner; 60 g of Supercel was used for the partition
chromatography. The product was converted to its hydro-
chloride salt which was recrystallized by dissolving it in methanol
and precipitating it with ether. Warming this salt in methanolic
solution caused cleavage of the butyl ether. The pure salt
(0.50 g, 209,) melted at 231° dec.

Anal. Caled for CH3;)NO;-HCL: C, 65.73; H, 10.03; N,
3.48. Found: C, 65.8; H, 10.1; N. 3.6.

Ethyl 4-(4-Hydroxycyclohexyl)-Al.x.cyclohexaneacetate
Phenylurethan (18).—A mixture of 6.0 g (0.022 mole) of ethyl
ester 12, 2.58 g (0.022 mole) of phenyl isocyanate, and 30 ml of
acetonitrile was heated under reflux for 7 hr. When the cooled
mixture formed a pasty mass, it was diluted with enough water
to render it a mobile slurry for filtration. The collected solid
was recrystallized otice from 60 ml of acetonitrile to give 5.68 g
of title compound, mp 132-134°.

4-(4-Hydroxycyclohexyl)-A!@-cyclohexaneacetic acid phenyl-
urethan (19) was prepared from 0.75 g of the corresponding ethyl
ester (18) by the standard procedure. The crude product was
dissolved in 90 ml of acetonitrile, and the solution was concen-
trated to 20 ml and cooled to give 0.48 g (709,) of 19, mp 203-207°.

Anal. Caled for CyHNO,: C, 70.57; H, 7.61; neut equiv,
357.4. Found: C, 70.7; H, 7.7; neut equiv, 355.

2-Dimethylaminoethy! 4-(4-Hydroxycyclohexyl)-Al.e-cyclo-
hexaneacetate Phenylurethan (20).—A suspension of 7.60 g
(0.021 mole) of 19 in 80 ml of CHCl; was treated with 30 ml
of SOCL; dropwise with stirring and cooling. The mixture was
stirred at room temperature until it became homogeneous (3 hr)
and for 0.5 hr louger. The solution was concentrated to a
residue at <35° under reduced pressure and 80 ml of CHCl; was
added. 2-Dimethylaminoethanol (19 ml) was added dropwise
with stirring and cooling and the mixture was boiled for 5 min.
It was cooled and diluted with ether and dilute NH;OH. The
ether layer was washed (wice with brine and concentrated to a
residue which crystallized.

The crude basic ester was chromatographed on eight 20 X 40
em silica-coated plates which were developed with 3:3:94
methanol-izopropylamine-CHCl;.  The material from the main
band was recrystallized from acetonitrile to give 1.79 g (209%) of
20, mp 107-108°.

Anal.  Caled for CousHzN20s: C, 70.07; H, 8.46; N, 6.53.
Found: C,69.9; H,8.2; N, 6.4.

Found: C,
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