288 Journal of Medicinal Chemistry, 1971, Vol. 14, No. 4

sterilized nutrient soln (200 mi) were inoculated with B. theo-
bromae Pat.® and then incubated on a rotary shaker at 25°.  Af-
ter 3 days 1 (30 mg) in Me,CO (1 ml) was added to each flask.
Four days later the contents of 50 flasks (pH 6) were combined,
adjusted to pH 2 with coned HCL (40 ml), shaken with EtOAc
(31.), and then filtered through Celite to remove mycelium. The
filtrate was =epd and the aq layer was washed with EtOAc (2 1.).
The aq laver was adjusted to pH 11 with NaOH (8 .\') and then
extd 3 times with EtOAc (2 |, each time}). The combined exts
were washed twice with brine (500 mi each time), dried (MgS0y),
and then evapd to a gum (2.35 g). Tle (siliea gel GF; Et.NH-
EtOAce-CiHe, 5:77.5:17.3) showed a new product, Ry 0.15, con-
taining a trace of starting material, R: 0.38, visible at 254 mu.
Thix gum was chromatographed on AlQ; (50 g, Grade 111, neu-
tral) and eluted with petr ether (bp 60-80°) contg increasing
amts of CeHe, and then CsHg contg increasing amounts of CHCl,.
The (—) isomer of 2 (2.2 g) was eluted in the range petr ether
(60-80°)-CesHs (4:1) to CsHe—CHCl; (9:1): mp 107-108° from
EtOAc-petr ether (bp 60-80°), [«]¥p — 41.5° (¢ 1.1, E{OH);
r (CDCL) 5.38 (singlet, CHOH, 1); 1o molecular ion, m/e 121
[(‘,II;N ‘ CH:(CI‘I:;)A *, 108 [C;H4 ‘ CHOH] . Anal (;CMHWNQOT)
C, H,N.

Check on Optical Purity of ( — )-2-Methyl-1,2-di~(3-pyridyl)-1-
propanol.—A soln of (—)-2 (1.035 g, 0.0045 mole) and { —)-0, O-
di-p-toluoyltartaric acid (1.72 g, 0.0045 mole) in MeOH (35 ml)
at 30° was cooled slowly to room temp. The crystals which
sepd were isolated, mp 155-156°, [«]?'p —109.1° (¢ 0.99, MeOH),
and recrystd 3 times from MeOH to give {—)-2 hydrogen (— )-
0,0-di-p-toluoyltartrate hemihydrate (950 mg): mp 155-156°;
[a]?p —109.1° (¢ 0.99, MeOH). Anal. (CyuHyuH,04-0.5H,0)
C, H, N. (=)-2-Hydrogen (—)-0,0-di-p-toluoyltartrate hemi-

(8) Imperial Chemical Industries Ltd., A.C.C. 3121, kindly supplied by
Royal Netherlands Fermentation Industries Ltd., Delft.
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hydrate (830 mg) was shaken with EtOAe (50 ml) and NaOH
(0.5 N, 25 ml). The EtOAc extract gave {—)-2 free baxe, mp
108-9° from EtOAe, [«]?p —42.3° (¢ 0.99, INtOH ).

{+)-2-Methyl-1,2-di-(3-pyridyl)-1-propanol (2).—A solu of
racemic 2, mp 100° (1.7 g, 0.0075 mole), and (+4)-0,0-di-p-
toluoyltartaric acid (2.8 g, 0.0073 mole) in MeOIL (50 ml} at 50°
was cooled slowly to voom temp. The =olid which sepd was ve-
crystd 6 times from MeOIT to give (+)-2 hydrogen (+)-0,0-
di-p-toluoyltartrate hemihydrate (1.3 g, Ist and 2nd crops) of
constant rotation: mp 153-156°; [a]p -+ 108.6° (¢ 1.0, MeOI).
Anal. (CyHuN0,-0.0H0) €, H, N. Thisx =alt gave (+)-2
free base: mp 107-8°; [a|®p +42.7° (¢ L1, FE1OH:  Anal
(CisH gNLO)Y C, H, N,

1,2-Dipyrid-3-yl-2-methylpropyl Dihydrogen Borate (3).
NaBH, (1 g) was added during 3 hr to a stirred soln of 2-methyl-
1,2-di-3-pyridyvl-1-propanone (2 g) in MeOH (30 ml) a1 0°, and
then kept for 2 hi. MeOH (15 ml) was removed in vacuo, brine
(15 ml) was added, and the mixt wax extd with ktOAc. The
ext gave 3, mp 192°, mass spectrum identical with that of (—)-1,
r (DMSO-ds) 4.57 (broad =inglet exchanged by 1.0, OH), 5.12
(singlet, CHO, 11 .nal. (CuHpBN,Op H, N, C: ealed,
61.8; found 62.3.

Isolation of 2-Methyl-1,2-di-(3-pyridyl)-1-propanol from Urine
Extract.-—The c¢rude ext (2.4 g) ~upplied by Dr. Sprunt was
dissolved in 11,0 (30 ml) and EtOAe (50 ml) and then the pH
was adjusted to 2.0 with coned HCL  The mixt was shaken and
then the aq acid layer was sepd, washed with EtOAc (50 ml),
adjusted to pH 11 with NaOH (8 \'), and then extd 3 times with
EtOAc (100 ml each time). The combined exts were washed
twice with brine 30 ml each time), dried (MgSOy), and then
evapd to a gum (1.18 g). This was chromatographed on ALO;
as described above. The pure product was eluted in the range
CHCL-CsHs (1:19 to 1:3), (0.65 g), mmp 100° from EtOAc-
petr ether (hp 60-80°3, (&) &= 0° f¢ 104, KtOH).

9 1,2
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Optically active N-Me-N-benzyl quaternary derivatives of (18,28)-2-oxa-H-azabicyclo[2.2.1]heptane were
synthesized in order to investigate the effect of an asymmetric quaternary N on anticholinergic activity. Nmr

studies indicate that the N-substituted bicyclic system undergoes highly stereoselective quaternization.
figurations have been tentatively assigned to the N epimers.
endo-3-methyl N epimers possess comparable antagonistic activities on the guinea pig ileum.

implications of the biological data are discussed.

Although the chiralities of ligands at cholinergic re-
ceptors have been investigated extensively,® little is
known about the influence of an enantiomeric quater-
nary N on anticholinergic potency. Such information
might complement existing data and provide a more
coherent view of the interaction of anticholinergic lig-
ands with cholinergic receptors.

Our approach to investigating this problem was to
utilize the 2-oxa-5>-azabicyclo[2.2.1 [heptane system (1)
as a probe, since endo-exo isomerism about the quater-

(1) We gratefully acknowledge support of this work by Public Health
Service Grant GM 09402,

(2) Part VIII of this series: P. S. Portoghese and D. A. Williams, J.
Med. Chem., 18, 626 (1970).

(3) Previous paper: P. 8, Portoghese and J. G. Turcotte, Tetrahedron, in
press.

{4) Presented in part at the 134th National Meeting of the American
Chemical Society, Chicago, I11., Sept 1967, Abstract P-17.

(53) P. 8. Portoghese, Annu. Rev. Pharmacol., 10, 51 (1970), and ref cited
therein.

Con-
The ero-3-methyl-endo-3-benzyl and exo-5-benzyl-
The possible

o
N+
/N
R R

1

nary N in optically active 1 gives an enantiomeric N
atom. Substituents (R, R’) not favorable for agonist
activity would be expected to give antagonist, partial
agonist, or inactive compounds.

Chemistry.—The bicyclic intermediate 2 for the
preparation of the desired compounds has been reported
recently.® The absolute configuration of this compound
is as depicted, since it was prepared from hydroxy-L-
proline. Reduction of 2 with LAH failed to give opti-
mal vields of the desired benzyl derivative 3 due to the
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formation of cleavage product 4. It subsequently was
found that diborane® cleanly converted the amide into
3 in 909, yield. The identity of 4 was confirmed by
catalytic hydrogenolysis of 3.

R
2 COPh
0 3 CH,Ph
4 H
N—R
5 Me
6 CD,

Reaction of 3 with Mel afforded the methiodide
which was converted into methochloride 7. Catalytic
hydrogenolysis of 7 gave 5- HCI which was obtained also
from 4 using the Leuckart reaction. Reaction of 5 with
either PhCH,Br or with Mel afforded the corresponding
quaternary salts, which were converted into 8 and 9, re-
spectively.

Deuterated quaternary ammonium chlorides 10-14
were prepared using the same synthetic procedure ex-
cept that CD;Br was employed instead of Mel in appro-
priate alkylation steps. The deuteromethyl tertiary
amine 6 was prepared by hydrogenolysis of 10.

R R’
7 Me CH,Ph
ﬁb 8 CHPh Me
9 Me Me
Ni-R 10 CD, CH,Ph
| o 11 PhCH, CD,
R 12 CD, Me
13 Me CD,
14 CD, CD,

The fact that the ezo-and endo-Me groups of 9 pos-
sessed different chemical shifts (Table I) enabled us to

TasLe 1

CrEMICAL SHIFTS OF N EPIMERIC QUATERNARY
2-0xa-5-420N1aBICYCLO [2.2.1)HEPTANE CHLORIDES

Chemical Chemical
Salt Exo shift® Endo shift®
7 CH; 184.0 CH,Ph 286.0
8 CH.Ph 279.0 CH; 193.2
9 CH; 196.8 CH; 199.0
10 CDs, CH,Ph 285.0
11 CH.Ph 270.0 CDs
12 CDs b CH; 198.8
13 CH; 196.0 CD; ¢

¢ Expressed in Hz at 60 MHz. ? A low intensity signal having
a chemical shift identical with that of the exzo-Me protons of 13
and contg approx 3% of the endo proton integral was observed.
° A low intensity signal having a chemical shift identical with
that of the endo-Me protons of 12 and contg approx 59, of the
exo proton integral was observed.

determine, by measurement of the N-Me nmr peak
areas, the isomeric purities of 12 and 13 derived from
trideuteromethylation of 5§ and methylation of 6, respec-
tively. It was found that N-alkylation occurred on the
same side of the molecule with about 959, stereoselec-
tivity. Comparison of the chemical shifts of the ben-
zylic protons (Table I) in the benzylmethyl derivatives

(6) H. C. Brown and P. Heim, J, Amer. Chem. Soc., 86, 3566 (1964).
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(7, 8) and in the benzyltrideuteromethyl derivatives (10,
11) showed that these quaternizations were essentially
stereospecific. Although the chances of separating one
of a pair of stereoisomeric quaternary ammonium salts
by fractional crystallization was greater with the ben-
zylmethyl quaternary salts than with the methyltrideu-
teromethyl salts, the ir spectra of the major crops of
benzylmethyl salts which crystallized directly from the
reaction mixtures, were 1dentical with the spectra of the
crude materials obtained from evaporation of the re-
spective mother liquors.

While it can be concluded that the bridged system
exhibits a high degree of stereoselectivity toward qua-
ternization, unequivocal stereochemical assignment to
the exo and endo substituents could not be made. The
nmr data showed conclusively that N-alkylation took
place almost quantitatively from the same side of the
molecule in these systems, but did not reveal from which
side alkylation took place. A reasonable assignment,
however, can be made on the basis of reported studies on
the stereochemical course of quaternization in & number
of bieyelic bases.”~1* Of the bicyclic derivatives that
have been investigated, the racemie 2-azabicyclo[2.2.1]-
heptanes prepared by Gassman and Heckert” most
closely resemble the 2-oxa-5-azabicyclo[2.2.1 [heptanes.
These workers reported that alkylation of N-methyl-2-
azabicyclo[2.2.1]heptane and N-ethyl-2-azabicyclo[2.-
2.1]heptane with EtI and Mel, respectively, produced
two different quaternary salts, and that alkylation pro-
ceeded with exceptional stereospecificity. Configura-
tional assignment of N-alkyl substituents in these salts
was made specifically on the assumption that the endo
position is more sterically hindered than the exo posi-
tion, and hence alkylation would be more likely to take
place from the relatively unhindered exo side of the
molecule. Our tentative stereochemical assignments
are based on the same reasoning.

Pharmacology.—On the guinea pig ileum 7 and 8
were found to be /7 and /5 as active as atropine sul-
fate (p4A. = 8.1) in their effect upon antagonizing the
stimulant action of methacholine as suggested by paral-
lel shifts of dose-response curves to higher concentra-
tion. The analysis of covariance showed that the dif-
ference in the slopes of dose—response curves for 7 (6.94)
and 8 (6.86) were not statistically significant. These
data are indicative of competitive postganglionic block-
ade and show that in the bicyclic system the effects of
enantiomeric quaternary N on anticholinergic activity
were comparable.

The agonist activities of 9 and 14 were approximately
1/ss00 that of methacholine. It is of interest that there
was no significant difference in potencies between the
*NMe; and *N(CD;), groups. This is in accord with
the work of Belleau'* who observed that the cholinergic
activities of acetylcholine and its deuterium-substituted
analogs were the same.

(7) P. G. Gassman and D. C. Heckert, Tetrahedron, 21, 2725 (1965).

(8) H. O. House and C. G. Pitt, J. Org. Chem., 81, 1062 (19686).

(9) H. O. House and B. A, Tefertiller, ¢bid., 31, 1068 (1866).

(10) D. R. Brown, J. McKenns, J. M. McKenna, J. M. Stuart, and G. B.
Hutley, Chem. Commun., 380 (1967).

(11) G. Fodor, J. D. Medina, and N. Mandava, ibid., 581 (1988).

(12) C.C. Thut and A. T. Bottini, J. Amer. Chem. Soc., 90, 4752 (1968).

(13) D. R. Brown and J. McKenna, J. Chem. Soc., 571 (1969).

(14) B. Belleau in '‘Isotopes in Experimental Biology,” L. 8. Roth, Ed,,
University of Chicago Press, Chicago, Ill., 1965, p 458.
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Discussion

The ratio of antagonistic activities between 7 and 8
is 1.5:1.% This would suggest that the anonic site
which associates with the enantiomeric quaternary
groups in 7 and 8 is not located in a highly dissymmetric
environment. It should be recognized, however, that
the potencies of these stereoisomers are low relative to
that of atropine, and consequently more conclusive evi-
dence regarding this point must be obtained with asym-
nietrie quaternary antagonists possessing much higher
affinities.

Illenbroek, et al.,'® have reported low stereoselectivi-
ties associated with the 8-C of the choline moiety in
esters having antagonistic properties. Our study com-
plements these data'® and suggests that the entirve cho-
line moiety is relatively insensitive to steric effects in
the antagonist-receptor interaction. It appears that
the topographic features of the sites that bind common
struetural elements of agonist and antagonist molecules
differ substantially, since it is well known that chiral
nmuscarinic compounds show o high order of stereose-
leetivity.?

Experimental Section!

(1S,48)-N -Benzyl-2-0xa-5-azabicyclo{2.2.1]heptane (3).—
To 75 ml of a 1 37 soln of diborane in THF (0.075 mole) was
added 5.82 g (0.028 mole) of 2 in 25 ml of anhydrous THF under
N:. The temp was maintained at approximately 0° during the
13-min addition period, after which the soln was refluxed for about
1 hr, cooled to room temp, and treated cautiously with 5 ml of
6 N HCl. The THF was removed by heating on a steam bath
and NaOH pellets were added to the residue which was then
extd with several 50-ml portions of Et;0. The exts were com-
bined and dried (Na;S04) and the solvent was removed in vacuo
to give an oil. The oil was treated with 105 HCI and the resul-
tant soln was extd with Et;0. The aq phase was neutralized
with KO pellets in the cold and was extd with several portions of
Et:0. The exts were combined and treated as above to furnish
5.40 g (quantitative yield) of a colorless oil, which was chroma-
tographically homogeneous and was employed without further
purification in the prepn of quaternary salts.

(1S,48)-2-Oxa-5-azabicyclo[2.2.1 heptane Hydrochloride (4-
HCl).—A soln contg 2.0 g (0.009 mole) of 3 dissolved in 2 N HC1
(20 ml) was shaken at an initial pressure of 3.87 kg/cm? in the
presence of 0.5 g of 106 Pd/C until no further uptake of H: was
noted. The reaction mixt was filtered and the solvent removed
in vacuo. The solid residue was azeotroped several times with
CyH and erystn (MeOH-Et:0) gave 1.02 g (855 ) of produet,
mp 154-156°.  Anal. (C:HwCINO)C, H, N,

(18,48)-cro~5-Methyl-endo-5-benzyl-2-o0xa-5-azoniabicyclo-
[2.2.1]heptane Chloride (7).—2\Iel (23 ml) was added to a solu
of 1.0 g (0.0053 mole) of intermediate 3 dissolved in 10 ml of abs
EtO1 and the mixt was allowed to stand at room temp for 24 hr.
The cryst solid was collected by filtration, rinsed with several
portions of anhyd Et,0, and dried to give 1.16 g of methiodide,
mp 217-218.5° dee. An additional 0.46 g of product, mp 217~
218°, was obtained from the mother liquor. The ir spectra of
cach fraction were identical. The combined fractions accounted

(15) It is noteworthy that differences in the neuromuscular blocking
potencies of N epimers of coniine and of conhydrine also are of a low order
of magnitude [J. I3, Stenlake, PProgr. Med. Chem., 8, 12 (1963), and ref cited
therein].

(16) I3, W. ., Ellenbroek, R. J. F, Nivard, J. M. Van Rossum, and ¥. J.
Ariéns, J. Pharm. Pharmacol., 17, 393 (1965).

(17) Melting points (Thomas-Hoover capillary melting point apparatus)
of all quaternary ammonium chloride salts are corrected. All other melting
points are not corrected. The ir data are expressed in cm ™} (Perkin-Elmer
2378 or Perkin-Illmer 621 spectrophotometers, mull or KBr disc). The
nmr data (7) were obtained with a Varian A-60 spectrometer using D:0 as
solvent and DDS8 as internal standard, unless otherwise indicated. Specific
rotations were determined with a Perkin-Elmer 141 polarimeter. The ir
and nmr data of all of the compds were consistent with the proposed struc-
tures,

(18) Alfa Inorganics, Ine,, Beverly, Mass.
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for 939%. The product was recrystd (twice) (abs LtOH) to
vield colorless crystals of 3-Mel, mp 218-222°. Anal. (Cys-
HsINO) C, H, N.

To 2.55 g (0.007 mole) of the methiodide dissolved in 10 ml of
H,0, was added 1.43 g (0.01 mole) of freshly prepd AgCl. The
suspension was stirred vigorously for 10 min and then was heated
on a steam bath for several min. After decolorizing (Noriti the
soln was filtered through Celite, the solvent removed 7n vacuo, and
the residue recrystd from EtOH-Et;O to give 1.67 g (916, of 7,
mp 215-216° dee, [a]® » 4+ 17.2° {¢ 147, EOH). Nmv in-
cluded signals at 6.93 (3 H, singlet, NCHs) and 5.23 (2 I, singlet
NCH:Ph). Anal. {CsHiCINO)C, I, N,

(18,48 }-exo-5-Trideuteriomethyl-endo-5-benzyl-2-oxa-5-azoni-
abicyclo[2.2.1]heptane Chloride (10).—To 1.97 g (0.01 mole) of
intermediate 3 dissolved in 10 ml of anhyd EtOH in a cooled
Carius tube was introduced 2.03 g (0.021 mole) of CDyBr.1
The Cariug tube was immediately sealed, and the reaction mixt
was allowed to stand at room temp for 24 hr.  During this period,
a produet crystd from the soln. The material wax collected by
filtration from the reaction tube and was washed with anhyd
Et:0. A second crop of product was recovered from the Et,0-
treated mother liquor. After recrystn (BAOH-Et:0, 10:1),
there was obtained 2.55 g (3570) of a 3.CDyBr, mp 225-235°
dec.

The quaternary bromide salt (2.50 g 0.0087 mole), was treated
with 1.43 g (0.01 mole) of freshly prepared AgCl as described for
7 to give 2.14 g of 10: recrystn (EtOH-Et:0); mp 242-245°,
[a}®Dp 4 18.2° (¢ 1.15, EtOH). The nmr spectrum was identical
with that of 7 except for the absence of the signal at 6.93 (Table
1.

(18,48)-N-Methyl-2-0xa-5-azabicyclo[2.2.1]heptane (5) from
7.—A soln of 1.67 g (0.0069 mole) of 7 dissolved in 10, HCI
was hydrogenated in the presence of Pd/C (0.5 g) at an initial
pressure of 3.87 kg/em until no additonal uptake of My oc-
curred.  After filtering through Celite and removiug the solvent
in vacwo, the hygroscopic product was azevtroped with Cglls
several times to give 1.07 g of cryst solid, mp 275° dec. The
free base was generated in abs EtOH by treatment with 0.5 equiv
of Agx0.

(18,48)-N-Methyl-2-0xa-5-azabicyclo[2.2.1]heptane (5) from
4.—To 0.29 g (0.0029 mole) of 4 was added 0.25 m1 (0.0032 mole)
of a 37¢ CH,O soln followed by dropwise addition of 0.16 ml
(0.0032 mole) of a 90¢; HCOOH with a Hamilton syringe at o
rate which maintained spontaneous reflux. The reaction mixy
was refluxed for 1 hr, cooled, and then satd with solid KOII.
The mixt was extd with Et,0, and the exts were dried (Nuas80,).
The solvent was removed in vacuo to give an oil having spectral
characteristics identical with those of the product obtained from
hydrogenoly=is of 7.

(18,48)-N-Trideuteroimethyl-2-oxa-5-azabicyclo[2.2.1] heptane
(6)—Intermediate 10 (2.14 g, 0.008 mole), was subjected to
catalytic hydrogenolysis in the same manner as was employed
in the preparation of 5. The HCI salt (1.33 g, 9977) was con-
verted directly into the base with Ag.O and used without further
purification for prepn of quaternary salts.

(18,48 )-exo-5-Benzyl-endo-53-methyl-2-0xa-5-azoniabicyclo-
[2.2.11heptane Chloride (8).—An EtOH soln (2 ml) contg 0.2
g of 5 was treated with 5 ml of PhCILBr and allowed to stand
24 hr during which time ¢rystn of product took place. There
was obtained 0.4 g of the bromide salt and an additional 0.03
g of product from the mother liquor. The ir spectrum of each
fraction was ideniical. The =alt was crystd from ZtOH-E1O,
mp 225° dec.

The bromide salt (0.4 g, 0.00085 mole) was dissolved in 5 ml of
.0 and treated with 0.12 g (0.001 mole) of AgCl as described for
7. crystn (EtOH-Et;0 10:1); 0.19 g (9497); mp 212-218°;
[a] %D +35.5° (¢ 1.62, EtOH). The nmr spectrum included reso-
nances at 6.77 (3 H, singlet, NCHj) and 5.35 (2 I{, singlet, NCIi-
Ph) (TableI). Anal. (CuHCINO)C, H,N.

(18,48)-ex0-5-Benzyl-endo-5-trideuteriomethyl-2-oxa-5-azoni-
abicyclo[2.2.1]heptane Chloride (11.)—PhCH,Br (5 ml) was
added to an EtOH solu (2 ml) contg 0.2 g of 6 and the reaction
mixt was allowed to stand 24 hr. There was obtained 0.33 g
(combined fractions) of quaternary salt, mp 228° dee. The ir
spectra of the major and minor fractions were identical. The

714) An ampule contg 5 ml of CDsBr (Isotopes Specialties Co., Burbank,
Calif.) was fitted with a break-seal, solid glass slug, and a generator tube
interposed with a Teflon valve stopcock, The liquid was allowed to vola-
tilize spontaneously at room temp into a previously cooled and tared Carius
tube.
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quaternary bromide salt (0.27 g, 0.001 mole) was treated with an
equiv amt of freshly prepared AgCl to furnish 0.23 g of 11: crystd
(EtOH-Et,0 15:1), mp 223-235°, [«]%Dp +41.4 (¢ 1.15, EtOH).
The nmr spectrum included a signal at 5.35 (2 H, singlet, NCHz-
Ph) and was identical with the spectrum of 8 except for the ab-
sence of the N-Me resonance at6.77 (Table I).
(18,48)-N,N-Dimethyl-2-0xa-5-azoniabicyclo[2.2.1] heptane
Chloride (9).—An EtOH soln (4 ml) contg 0.4 g of 5 was mixed
with 10 ml of Mel and allowed to stand for 24 hr during which
time crystn of product (0.50 g) took place. Two recrystns
(ab EtOH) afforded the pure methiodide, mp 292-294° dec.
This salt (0.50 g, 0.002 mole) was dissolved in 10 ml of H,O and
treated with 0.35 g (0.0025 mole) of freshly prepared AgCl to
give 0.29 g (929,) of product after crystn (EtOH-Et.O 10:1):
mp 292-294° dec; [«]2p +59.0° (¢ 1.1, EtOH). The nmr spec-
trum included signals at 6.67 and 6.71 (6 H, two singlets, N-
(CHs)e) (TableI). Anal. (C:HuCINO)C, H, N.
(18,48)-ex0-5-Trideuteriomethyl-endo-5-methyl-2-0xa-5-azo-
niabicyclo[2.2.1]heptane Chloride (12).—An EtOH soln (6 ml)
contg 0.6 g of 5 was treated with 1.48 of CD;Br in a sealed Carius
tube for 24 hr. The yield of product (mp 300° dec) which erystd
spontaneously from soln was 0.44 g. The Et,0 treated mother
liguor yielded an additional 0.07 g of product which had an ir
spectrum identical with that of the major fraction of product.
The bromide salt (0.40 g, 0.0019 mole) was dissolved in about 10
ml of H;O and treated with 0.35 g (0.0025 mole) of freshly prepd
AgCl to obtain after recrystn (EtOH-Et.0) 0.27 g (869%) of
product, mp 300° dec, [«]?D +58.0° (¢ 1.21, EtOH). The nmr
spectrum was identical with that of 9 except that the signal corre-
sponding to exo N-Me was of very low intensity (Table I).
(18,48)-ez0-5-Methyl-endo-5-trideuteriomethyl-2-0xa-5-azo~
niabicyclo{2.2.1]heptane Chloride (13).—An EtOH soln (25 ml)
contg 0.25 g of 6 was mixed with 5 ml of Mel and allowed to stand
for 24 hr during which time crystn of a product occurred. The
crude (0.44 g) was twice crystd (abs EtOH), mp 297° dec. Mate-
rial obtained from the mother liquor was identical in all respects
with the product that crystd. The quaternary iodide salt (0.35
g, 0.0013 mole) was dissolved in 10 ml of distd H:0 and the soln
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treated with 0.35 g (0.0025 mole) of freshly prepared AgClL
Crystn (EtOH-Et:0 10:1) afforded 0.21 g (93%,) of 13, mp 300°
dec, {«]®%D +53.6° (¢ 1.24, EtOH). The nmr spectrum was iden-
tical with that of 9 except that the peak corresponding to endo
N-Me was of very low intensity (Table I).
(18,48)-N,N-Ditrideuteriomethyl-2-oxa-5-azoniabicyclo[2.-

2.1]heptane Chleride (14).—An EtOH soln (7 ml) contg 0.7 g of
6 was treated with 1.20 g of CD;Br in a Carius tube as described
for the prepn of 12. The crude product (0.74 g) was crystd (abs
EtOH), mp 297° dec. The bromide salt (0.40 g, 0.0019 mole)
was treated with AgCl as previously described to obtain 0.29 g
of 14: crystn (EtOH-EtOAc); mp 300° dec; [«]®p +56.1°
(c 1.04, EtOH). The nmr spectrum was identical with those of
9, 12, and 13 except for the absence of N-Me resonances.

Pharmacological Testing.—Testing was carried out with iso-
lated guinea pig ileum obtained from freshly sacrificed animals
(av wt, 300 g). Pieces of ileum were sutured at each end through
the mesenteric side of the organ. The intestinal strips were sus-
pended in a thermostated muscle bath (37.5°) contg 16 ml of
modified Tyrode soln,® through which was bubbled a continuous
flow of Carbogen (95/5). Recording of muscle contractions were
made with a lightly loaded (ca. 500 mg) isotonic lever attached to
a C. F. Palmer Super 10 recording drum and stand. In studies
with antagonists, drugs were allowed to remain in contact with
the ileum for 1 min prior to the introduction of an agonist. Ileum
strips were rinsed 3 times between administration of doses of
agonist compounds.
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The progestational activities and syntheses of the 6-chloro-3,7-dihydroxy-At-pregnene derivatives 4a,b,c,d,
and 5 as well as their 16-methylene analogs are reported. Several of these compounds exhibited high progesta-

tional activity when tested in the rabbit.

It is well known that cholesterol is converted into 38-
hydroxycholest-5-en-7-one, cholest-5-ene-38,78-diol, and
the corresponding 7a-hydroxy isomer by different frac-
tions of rat liverhomogenate.! Cholest-5-ene-38,7 a-diol
is also converted by these homogenates into 7a-hy-
droxycholest-4-en-3-one? probably via the intermediate
formation of a 3-keto-A’-steroid. If 3-hydroxy-As-
pregnenes are metabolized in this manner, dehydration
of the resultant 7-hydroxy metabolite would lead to the
4,6-dien-3-one system. The high activity of such pro-
gesterone derivatives, incorporating the 6-chloro-4,6-
diene system, is well known.? It is also reported that
various 3-hydroxy-As-pregnenes have the same activity
as the corresponding A*-3-ketones. We therefore felt

(1) I. Bjérkhem, K. Einarsson, and G. Johansson, Acta Chem. Scand., 23,
1595 (1968).

(2) O. Berseus and K. Einarsson, ibid., 21, 1105 (1967).

(3) H.J. Ringold, E. Batres, J. Edwards, and J, Zderic, J. Amer. Chem.
Soc., 81, 3485 (1959).

(4) R. Deghenghi and C. Revesz, J. Endocrinol., 31, 301 (1965).

it to be of interest to prepare some A’-pregnenes incor-
porating the 6-chloro-3,7-dihydroxy system.

Chlorination of 38,17 a-diacetoxypreg-5-ene-7,20-di-
one’ (1) followed by dehydrochlorination with pyridine
gave an inseparable mixture of 2 and the 8-Cl impurity
3 (Scheme I). Purification was accomplished by treat-
ment of the mixture with Zn in HOAe¢ which converted
3 into 2. Reduction of 2 with LiAl(¢-BuO);H gave the
desired 7-OH isomers 4a and 5 in 53 and 79 yield, re-
spectively, after column chromatography.

The stereochemistry at C-7 in 4a and 5 was assigned
on the basis of the nmr spectra. In 4a the C-7 H ap-
peared as a broad signal at § 3.92 (half-band width
~11 Hz), which is consistent with axial-axial coupling
with the C-8 H.® The broadening of the signal is prob-

(5) C. W, Marshall, R. E. Ray, I. Laos, and B, Reigel, J. Amer. Chem.
Soc., 79, 6308 (1957).

(6) N. 8. Bhacca and D. H. Williams, “Application of Nmr Spectroscopy
in Organic Chemistry,”” Holden-Day, Inc., San Francisco, Calif., 1964, pp 51
and 80.



