Tropanediol Acetals

differ from those in circular muscles of the eye.

The geometry of the amino alcohol portion of cholinergic
antagonists based .on tropane and piperidine has been shown
to influence the antimuscarinic potencies of these esters—at
least at sites in the guinea pig ileum—but the order of the
effect is smaller than that caused by variations in the acyl-
oxy moiety, and much smaller than that of absolute con-
figuration in the case of amino alcohols esterified with chiral
alcohols (e.g., I-tropyl a-methyltropate is 50 times more
active than the dextro isomer on rat gut).'® In sharp con-
trast, the potencies of cholinergic agonists are greatly de-
pendent upon the configuration and structure of the amino
alcohol portion of the molecule as witnessed by the relative
activities of (R)- and (§)-8-methylacetylcholine® and cis-

and frans-2-acetoxycyclopropyltrimethylammonium iodide.?

Hence the results presented here support the view that
cholinergic agonists and their antagonists occupy different
receptors!”?! although evidence of competitive interactions
between agonist-antagonist pairs points to their sharing a
common anionic site.
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Compounds Affecting the Central Nervous System. 2.! Aromatic

Acetals of Tropanediols

Sol. J. Daum,* Anthony J. Gambino, Mario D. Aceto, and Robert L. Clarke
Sterling-Winthrop Research Institute, Rensselaer, New York 12144. Received October 7, 1971

A series of acetals prepared from tropane-2(,36-diol and variously substituted benzaldehydes was found

to produce CNS stimulation and to reverse reserpine-induced eyelid ptosis. These acetals formed as pairs
which were isomeric about the benzylic C. Configurational assignments were made on the basis of their

nmr spectra, The acetals of ecgoninol and pseudoecgoninol were included in this study.

It is always a considerable pleasure to find that a chemi-
cal intermediate or a simple derivative of a compound under
study has interesting biological activity. 1, Se-Tropane-
28,36-diol (1) was reported recently' as an intermediate in
the preparation of a “reverse ester” of cocaine. Benzylidene
acetals (3 and 4) of this diol, the subject of this paper, are
central nervous system stimulants. They were prepared by
the reaction of a variety of benzaldehydes with diol 2 fol-
lowed by reduction of the N-ethoxycarbonyl group to Me.

Table I lists the 8-ethoxycarbonyl acetals which were pre-
pared. In each case acetal formation gave essentially equal
quantities of 2 products which were isomeric about the
benzylic C. The configuration of the Ph group is designated
B when it lies on the same side of the molecule as the N and
o when the converse is true. The basis for configurational
assignment is discussed later. Generally, the isomers with
the aromatic ring in the « configuration crystallized spon-
taneously from the reaction mixtures. Purification of the 8
isomers was then accomplished by plate or column chro-
matography.

R
]
R-N. OH CHS"\\ ; :
2 ; ;(E OH L
1,R=CH, 3
2,R = Et0,C R asin Table II

:R
H
O o
4

R asin Table II



510 Journal of Medicinal Chemistry, 1972, Vol. 15, No. 5

Laum, 2t 4l

Table I
Isomer Nmr 4
a- or B- 5 ppm,
Compd X phenyl 0,CH Reb Formula Analysis Solvent Mp, ©
C,H,0CON, o
2tls AN p\C ._r’H_ X
o T
8¢ H @ 6.06 0.78¢ C,H,NO, C.H.N Cyclohexane 87~90 (prisms)
R5-87 (needles)
9¢.e H g8 5.88 0.73d C 4, NO, C,H,N
10¢ p-OCH, a 6.01 0.657 C,H,,NO, C,H,N Et,0 77-98
11¢ p-OCH, 8 5.84 0.547 C,H,,NO, C,H.N Et,0 88-89
128 p-Cl « 6.02 0.637 ¢, H,)NO,Cl C.H.N Et, {U1-102
134 p-Cl 3 5.85 0.537 C H,,NO,Cl
148 p-F @ 6.02 0.48¢ C, H,NOF C,H,F ISTRY #8-99
15h p-F 8 5.84 0.58! C,H,)NOF
16/ p-NO, a 6.09 0.541 C,H,N.O, C,H,N Et,0 97-98
177 p-NO, 8 5.91 0.45¢ C,H,N.O
18k p-OCF, o 6.06 053 CHNOF. o
1956 p-OCF, ] 5.88 0.457 C,H,oNO,F, s
20 p-OAc « 6.07 0.38¢ CH N . . )
2! p-OAc 8 5.89 0311 HLNO, CH N Bt 90-94
22¢.m p-OCH,C.H, a 5.95 042? < H, NO, <. H.N LARY: 112118
23¢e.mn p-OCH,C,H, g 5.77 0.37¢ C,,H,,NO,
240 m-OCH,C H, o 0.441.p C,H,,NO,
250 m-OCH,C H, 8 0.415p C,H,NO;

In CDCl,, (CH,),Si, internal standard. bSilica gel tlc. “Isomers sepd on thick-layer plates. dSolvent system (Et,0-n-C H,,~-PINH,, 25:24:
1). €Short path distn (0.005-0.01 mm); n2*D 1.5350. fSolvent system (Et,0-n-CH,,=-PrNH,, 47:50:3). 3Crystallized as a single isomer from
crude reaction mixt. #Pure isomer was not isolated. iSolvent system 100% Et,0. /Column chromatography (silica gel, Et,0-n-C,H,,-i-PtNH,,
25:72:3). kDistd and characterized as a mixt 4:5; «:8 isomers (short path distn; 165-173° (0.03-0.04 mm), n**D 1.4907. !Prepd from p-ace-
toxybenzaldehyde;® crystd from Et,0 as a mixt (3:1; o:8 Ph isomers). "See Experimental Section for special prep. "Best sample obtained
contd 16% of a-Ph isomer. 2Crude mixt reduced without characterization. PThe tlc spots were not assigned to a particular isomer in this case.

Compounds 22 and 23 of Table I are exceptional in that
they were prepared from 20 and 21, respectively, through
hydrolysis of the Ac groups followed by benzylation of the
resulting phenols.

Table I lists the V-Me acetals prepared in this study. Most
of these were formed from the corresponding N-ethoxycar-
bonyl analogs using LiAlH, or AlH;> as reducing agents.
Production of the secondary amines 42 and 43 required ini-
tial hydrolysis of the urethane function of 2 to form diol 5§
followed by acetal formation. Phenols 3841 were formed
from the corresponding benzyl ether urethanes

H

¢
HN—
/

/

HN OH

O

OH

5 42 and 43

by LAH reduction followed by catalytic debenzylation.

Compounds 44 and 45 are C-2 homologs of the above se-
ries, being derived from ecgoninol and pseudoecgoninol, re-
spectively. Compound 44 has been reported by Fodor and
Kovd4cs* in the form of its benzenesulfonate salt. The acetai
of pseudoecgoninol (45) failed to form under the conditions
used by these workers.

Examination of the nmr spectra of the a and § aromatic
acetals of Table I (nonbasic N) revealed that the benzylic H
peaks of the isomeric pairs were well isolated from inter-
ference and appeared at characteristic positions which were
0.17-0.18 ppm apart.’ The upfield position of the benzylic
H of the 3-Ph isomer may be the result of a sterically induced
ring distortion which moves that H further into the shielding
cone of an adjacent O.° These benzylic H peaks were useful
for determination of isomer ratios in mixtures of these iso-
mers.

When one 1somer ot such an o and ¢ pair was converted to
the corresponding V-Me analog, there was a significant dowrn.-
field shift of the benzylic 4 {0.18 ppm average) whereas the
other isomer showed a slight (G.07 ppm average) upfield
shift upon similar transformation. A footnote summarizes
the shifts observed.t

The major shift in the benzylic H accompanying this
chemical transformation is associated with a major change
in the electronic character of the § face of the molecule
and thus the isomer associated with that shift (downfield}
may be assigned the 3-H and «-Ph configuration.

Confirmation for this configurational assignment is found
in the nmr spectra of the methiodides of a pair or these
isomeric amines. When the methoxyaromatic group s« 2nd
away from the 2 Me groups as in 6, these methyls appear
close together at 3.62 and 3 71 ppm. But when *hiz

e OCH,

24

+Shift in benzytic H gomg from :F;:—(')—ZCN to CH,N (A6, ppm)

Ring

substituent 2-Phenvi 3-Phenvi
H +.17 ~0.10
p-OCH, +.23 it
p-Cl +0, 14 -0.10
p-F +0.18 —0.06
p-NO, +0.18 -0,01
p-OCF, PN VIR
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Table 11
Isomer Nmr,
a- or B- § ppm
Compd X phenyl O,CH CH, R4 Formula Analysis  Solvent Mp or bp (mm), °C Refractive index
CH,N o\ ~H

=L

~7
/
6 H « 623 232¢ 0704 C,H,NO, CHN 122-130 (0.01-0.003 mm)  n?*D 1.5466
2be  H 6 578 239¢ 0738 CLH.NO, CH,N 114-128 (0.002-0.004 mm)  n*'D 1.5474
285 pOCH, o 624 2306 041 CLH.NO. CHN E4,0  76-77
296 pOCH. g 573 2406 044f C,Hy CHN EtO-  47-48
pentane
308 pal « 616 236¢ 051/ C,H,CINO, C,H,Cl Hexane 63-64
3gh  pal g 575 2400 0597 CHCNO, CH.Q (0.02-0.04 mm) D 1.5535
328 pF « 620 234 0365 C.H,FNO, N
33 pF g 578 240¢ 045fi CoH.FNO, CHF 128-141 (0.01 mm) n*D 1.5304
k  pNO, o 627 236€ CLH.N,0, CHN E4,0  102-103
3! pNO, g 590 240¢ CoH, N0,
36"  pOCE, o 625 239¢ 042F CoH,F, CH,F E40  117.5-119
371 pOCF, g 584 244¢ 052 CrH.F.NO,
38" p-OH « 586 2200 0497 CoH.NO, ~ CH,N Et,0  218-220
39¢  p-OH s 5@ 2270 033 CJHNO,  CHN ELO  1745-1756,214-216
407  mOH o 592 2250 045Pi C,H,NO,
a1r  mOH 8 5.66 2290 0490 ciz " NO } GHN  MeCN  212-225
,; [\ »H
42 «  613€ 0315  C,.H,NO
2 S Sae e tts c::Hi,No’} C,H,N 122-150 (0.025-0.035 mm)  n**D 1.5592
; I \ /H
441 26Config 5.53% 2.35 C,H,.NO, c, H'N Hexane 82.5-85 []*D +6°V
ast 2a-Config 5.704 2.15 CiHANO, CHN Cydo-  57-61 [a]**D —33°v

hexane

aSilica gel tlc. »Obtained from LAH redn of single isomer. ¢Contains 10% of a-Ph isomer. 9Solvent system Etzo—t-PrNH,, 49:1, ¢CDCl-in-
ternal standard (CH,),Si. fSolvent system, Et,0-#-C H,,~i-PtNH,, 47:50:3, £Obtained from AlH, redn of pure isomer (10-15 min). hObtamed
from thick-layer chromatography on silica gel. {Obtained from AlH, redn of mixt of isomers (20 min). Isomers were not sepd. JIsomers not as-
signed to Ry¢ values. X¥Obtained from AlH, redn of single isomer (45 min). /Obtained from AIH, redn of mixt, § isomer not isolated. "Qbtained
from AIH, redn of mixt, a-Ph isomer crystd from reaction mixt. #Obtained from LAH redn of 22 followed by hydrogenolysis with Pd/C.
ODMSO-d internalstandard (CH;),Si. PSolvent system THF-i-PfNH,, 97:3. 9Obtained from LAH redn of 23 followed by hydrogenolysis with
Pd/C. #Obtained by LAH redn on mixt of 24 and 25 followed by hydrogenolysis with Pd/C. Did not separate mixt. Distd and characterized as
a mixt (see Experimental Section). ?See Experimental Section. ¥No evidence of isomeric mixt at benzyl C. V1% in CHCI,.

aromatic group is $ as in 7, it is in a position to shield one
of the Me groups so that the methyls appear widely sepa-
rated at 3.82 and 3.38 ppm.

It is curious that the nmr spectra of the ecgoninol acetals
44 and 45 show single benzylic H peaks. These products
may have the thermodynamically moke stable equatorial
phenyl configurations.

In all the acetals reported here the C-1 and C-5 hydrogens
were visible as separated peaks. For example, in the a-Ph
isomer 26 these peaks appeared at 3.50 and 3.20 ppm with
specific assignment uncertain. In the 8-Ph isomer 27 they
appeared at 3.58 and 3.20 ppm.

The R¢ values of the « isomers in the urethanes of Table I
were uniformly greater than those of the § isomers with the
exception of the p-F isomers 14 and 15 (spots for 24 and
25 were not assigned). However, in the N-Me series of Table
II the reverse was true in all of the 5 pairs whose tlc spots
were identified.

When a mixture of the nonbasic, isomeric acetals 8 and 9
was treated with NBS in the presence of BaCOj, acetal
cleavage occurred with formation of a single bromoester
(81%). Its nmr spectrum supported the positions and con-
figurations of substituents as shown in 46. This is consistent
with the observation by Hanessian and Plessas’ that “inter-

nal O-benzylidene acetals such as those joining vicinal cis-
OH groups of a cyclic sugar derivative give isomeric trans-
bromobenzoates.” In the present case steric factors direct
formation of the single product.

0,CC,H,

OH OH
RN~__ CHSN\
49, R = Et0,C 8
§0,R =CH,

Aqueous alcoholic K,COj; transformed this bromoester
into 28,3B-epoxide 47, the § configuration of which was
confirmed by reduction (LAH) to tropan-28-o1® (48).

Hydrolysis of epoxide 47 gave the desired diaxial diol 49
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Table III. Effect of Benzylidenedioxy Tropanes on Reserpine-Induced Ptosis and the Overt Behavior of Mice

Prevention test

Reversal test

Dose, mg/kg
Compd ip MPS¢4 pPVd MPS4 pPVvd Overt behavior in mice, ip®
26 10 2.5 0.06 Locomotor stimulation, biting,
30 2.9 0.23 2.5 0.054 squeaking, tapering off at 30 min
50 1.9 0.014 1.9 0.014 at 30 and 50 mg/kg
Control€ 3.3 34
27 30 33 0.72 2.5 0.10 Questionable mild locomotor
50 2.9 0.33 24 0.08 stimulation at 30 min at 30 and
Control€ 3.3 3.3 50 mg/kg
28-29 mixt 1 34 0.88 At 30 and 50 mg/kg, convulsions,
10 2.1 0.03d tremors, biting, squeaking, hyper-
30 2.6 0.23 1.1 0.0004 excitability. In combination with
50 2.6 0.23 1.0 0.0024d reserpine, 3/8 dead at 0.5 hr on
Control¢ 3.1 3.3 prevention test
30 1 3.6 0.72 At 30 and 50 mg/kg, convulsions,
10 2.8 0.06 tremors, squeaking, and question-
30 3.0 0.72 2.4 0.024d able locomotor stimulation; 1/8
50 2.6 0.34 24 0.039 dead in 3 hr in combination with
Control€¢ 3.1 3.4 reserpine in prevention and rever-
sal tests
32-33 mixt 30 3.0 0.79 3.0 0.19 Hypersensitive to touch at 30 and
50 3.0 0.64 29 0.19 50 mg/kg
Control€ 33 34
34 30 3.1 0.96 2.9 0.27 At 30 and 50 mg/kg, locomotor
50 3.0 0.38 2.4 0.054 stimulation, tremors, biting,
Control€ 34 33 squeaking, for about 0.5 hr; mild
stimulation at 3 and 5 hr; 1/8
dead in 0.5 hr in combination
with reserpine on reversal test
36 1 3.0 0.16 At 50 mg/kg, tremors. In combi-
10 2.9 0.10 nation with reserpine (reversal
30 35 0.57 2.8 0.04d test), jumping, hyperexcitability,
50 33 1.00 2.8 0.044d locomotor effects
Control® 3.3 3.5
38 30 3.1 0.72 2.6 0.13 Mild locomotor stimulation at 30
50 3.1 0.72 2.1 0.0064 and 50 mg/kg
Control¢ 3.3 34
39 30 34 0.72 3.1 0.44 Mild locomotor stimulation at 30
50 33 0.72 2.9 0.19 and 50 mg/kg
Control¢ 3.3 3.4
40-41 mixt 30 35 0.57 3.0 0.27 No stimulation
50 2.6 0.44 2.0 0.014
Control¢ 3.3 34
42-43 mixt 1 3.1 0.79 Mild locomotor stimulation at 30
10 2.8 0.06 and 50 mg/kg
30 2.9 0.38 2.1 0.02d
50 2.5 0.08 24 0.02d
Control€¢ 3.3 34
44 0.5 3.1 0.50 2.9 0.19 Lethal at 50 mg/kg. 1/5 dead in
1 2.9 0.23 2.3 0.014 0.5 hr at 30 mg/kg; clonic con-
10 2.3 0.02d 1.9 0.01d vulsions, tremors, biting, squeak-
30 1.6 0.014 1.4 0.002 ing
Control¢ 31 3.3
45 0.5 34 0.32 3.0 0.32 Lethal at 10 mg/kg
1 34 0.79 2.9 0.32

aMean ptosis score. PProbability vatues (PV) were calcd on “2-tailed” probabilities. Values of 0.05 are considered significant. €1% gum traga-
canth mucilage control. dDenotes significantly decreased ptosis score. ¢Effect of compd alone unless otherwise specified.

which, unfortunately, failed to form an acetal under the
conditions used for the other acetals in this report. If diol
49 had assumed a boat configuration, the 2 OH groups
would have been in close enough proximity for the reaction
to occur. Reduction of diol 49 with LAH gave the known
N-Me diol 50.°

Biological Results. The N-Me compounds described were
evaluated by means of the reserpine-induced eyelid ptosis
test in mice.'® Overt behavioral changes were also noted (see
Table III). In the test for prevention of reserpine-induced
ptosis, 44 was the most active (10 mg/kg) followed by 26
(50 mg/kg). None of the other compounds was significantly
active. In the test for reversal of reserpine-induced ptosis,
44 was again the most active (1 mg/kg). Mixture 28-29 was
active at 10 mg/kg followed by 26, 30, 36, and 42-43 which
were active at 30 mg/kg. Compounds 34, 38, and 4041

were active at 50 mg/kg. Antireserpine activity was accom-
panied by overt signs of stimulation such as locomotor ac-
tivity, squeaking, and biting. Compound 45, the C-2 epimer
of 44, was the most lethal of all the compounds tested.

Experimental Section

Preparation of Benzal Acetals of Ethyl (+)-28,33-Dihydroxy-1aH -
SaH-nortropane-8-carboxylate (2). A soln of 27.3 g (0.13 mole) of

1 All melting points are uncorrected. Nmr spectral measurements
were made on Varian A-60 or HA-100 spectrophotometers using
CDCl, as solvent unless otherwise indicated. (CH,),Si was used as
the internal standard. Ir spectra were detd on a Model-21 Perkin-
Elmer infrared spectrophotometer. Brinckmann Instruments silica
gel grade PF, ., was used in 1-mm thickness for prep chromatog.
Where analyses are indicated only by symbols of the elements,
analytical results obtained for these elements were within £0.4% of
the theoretical values.
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diot 2, 14.0 g (0.13 mole) of PhCHO, and 1.0 g of p-TsOH -H,0 in
1.1 1, of C H, was heated under reflux for 18 hr with a Dean—Staxk
H,O0 sep 1n the system. Solid NaHCO, was added followed by H,0.
The layers were sepd and the C H, was washed with satd NaCl and
dried (Na,80,). Evaporation of solvent afforded 41.6 g of a straw-
colored liquid. Tlc showed 2 major spots having R¢ 0.73 and 0.78
(silica gel, Et,0-pentane<-PrNH,; 25:24:1). Preparative chromatog-
raphy on 80 thick-layer plates (20 X 40 cm, 8 passes with Et,0~
pentane-i-PrNH,, 25:73:2) afforded 17.0 g (44%) of a less polar
compd characterized as ethyl (£)-25,38-benzylidenedioxy-1aH ,SoH-
nortropane-8-carboxylate (a-Ph isomer) (8).

The more polar band eluted from the plates afforded 17.0 g
(44%) of ethyl (+)-28,38-benzylidenedioxy-1aH S -nortropane-8-
carboxylate (8-Ph isomer) (9). See Table I for further data.

Reduction of the N-Ethoxycarbonyl Group to N-Methyl,
Method A. LiAlH,. A soln of 24 g (0.079 mole) of a mixt of ethyl
()-28,38-benzylidenedioxy-1aH ,5aH -nortropane-8-carboxylate a-
and g-Ph isomers in anhyd Et,0 was added dropwise to a suspension
of 6 g (0.16 mole) of LAH in 1 L. of anhyd Et,0 with stirring at
room temp. The reaction mixt was heated under reflux for 15 hr,
cooled, and treated with 15 mi of H,0 followed by solid Na SO,.
The mixt was filtered and the solvent was removed by warming in
vacuo. The residue (18.8 g) was distd through a short-path column
at 125-140° (0.003 mm) to afford 16.2 g (83% yield) of a mixt of
()-28,38-benzylidenedioxy-1aH ,SaH-tropane a- and g-Ph isomers
(26 and 27), n®D 1.5478 (See Table II), Tlc analysis (silica gel,
Et,0-pentane--PrNH,, 25:24:1) showed 2 close spots of aimost
equal intensity when charred with H,50,. Nmr analysis indicated
that this was a 3:2 mixt of a- and 8-Ph isomers (ratio of peaks at
6.23 and 5.78 ppm). Andl, (C,H,,NO,) C,H,N.

Method B. AlH,. A soln of AlH, was prepd by the method of
Brown and Yoon® using 1.74 g (0.046 mole) of LAH and 2.2 g of
concd H,S0, in 55 ml of THF. A mixt of ethyl (£)-28,38-(p-fluoro-
benzylidine)-1aH ,SaH-nortropane-8-carboxylate « and g isomers (7.2
g, 0.022 mole) in 5.6 ml of THF was added to the AlH, soln with
stirring at room temp. After 20 min, the reaction was quenched by
the addn of 5 ml of a THF-H,0 mixt (1:1). More H,0 was added
and the mixt was extd with Et,0. The Et,0 was washed (satd NaCl),
dried (Na,S0,), and evapd to afford 5.4 g of an amber oil. Short-
path distn afforded 4.7 g (80% yield) of a mixt of (+)-28,38-(p-flu-
orobenzylidenedioxy)-1aH ,SaH-tropane - and B-aryl isomers (32
and 33). See Table II.

(+)-28,38-Benzylidenedioxy-1aH,5aH-nortropane, - and 8-
Phenyl Isomer Mixture (42 and 43). A soln of 15 g (0.07 mole) of
ethyl (2)-28,3p-dihydroxy-1aH ,SaH-nortropane-8-carboxylate (2) in
250 ml of H,0 and 250 m! of concd HCI was heated on a steam
bath for 5 hr. The reaction mixt was cooled and made alkaline with
concd NaOH. The soln was coned by heating in vacuo. Extn of the
residue several times with a mixt of CHC1,~EtOH (2:1) afforded a
residue after evapn that was extd with Et,0 to give 6.17 g (62%
yield) of a solid, mp 159~161°, that was used directly without fur-
ther characterization.

The solid was converted to an acetal by reaction with 30 ml of
benzaldehyde under condns used in the preparation of 0,0'-benzyl-
ideneecgoninol as described below. Short-path distillation of the
crude product afforded 4.5 g (44% yield) of a mixt of 42 and 43
(see Table II for constants).

Mix ture of Ethyl (+)-28,36-(p-Benzyloxybenzylidenedioxy)-
laH Saf-nortropane-8-carboxylate (22 and 23). Asolnof9.5¢g
(0.026 mole) of acetates (20 and 21) (6:5 mixt of isomers, «:g) in
250 ml of THF containing 1.42 g (0.026 mole) of NaOMe was heated
under reflux for 2 hr, A soln of 4.5 g (0.026 mole) of PhCH,Br in
10 ml of Et,0 was added and the soln was heated under reflux for
another 3 hr in which time a large ppt of NaBr formed, The solid
was collected on a filter and the filtrate was concd to afford 8 g of
oil. Dil NH,OH and Et,0 were added to the residue. The Et,0 was
sepd, washed (dil NaOH followed by satd NaCl), dried (Na,SO,),
and evapd to yield 6.3 g of a mixt of 22 and 23.

This residue partially crystd from Et,0 and filtn gave 1 g of 22,
mp 113-115°. Preparative plate chromatog of the mother liquor
[Camagsilica gel, 1 pass Et,O-pentane (1:1) and 4 passes Et,0]
afforded another 0.75 g of 22, mp 111-112°. A more polar band
furnished 2 g of oil 23 which, on the basis of nmr analysis, contd
approx 16% of 22 (see Table I).

Preparation of Phenol Derivatives 38, 39, 40, and 41. A soln of
1.65 g (4.1 mmoles) of 22 in 100 ml of anhyd Et,0 was added with
stirring to 1 g of LAH in 75 ml of THF. The reaction mixt was
heated under reflux for 2 hr. After cooling, 3 mi of H,O was care-
fully added. The mixt was filtd and the filtrate was concd by warm-
ing in vacuo to afford 1.45 g of an oil that was dissolved in 300 ml
of 95% EtOH. The soln was shaken with 0.15 g of 10% Pd/C under
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3 kg/em? of H, for 2 hr. The catalyst was removed and the solvent
was evapd by warming in vacuo to afford 0.95 g of a residue that
solidified. The residue was recryst from Et,0 to give 0.75 g (75%)
of 38, See Table II for constants.

0,0'-Benzylideneecgoninol, Isomer Mixture about Benzylic C
(44). A suspension of 15.0 g (0.072 mole) of ecgoninol - HCl in
100 mi of PhCHO was heated on the steam bath for 6 hr while a
slow stream of HCl gas was bubbled into the mixt. The solid dis-
solved within 10 min. After 1 hr and again after 4 hr the soln was
warmed in a rotary evaporator in vacuo in order to remove accumu-
lated H,0. About 5 ml of PACHO was removed each time.

The soln was cooled and dil with 400 ml each of Et,0 and pen-
tane and the ppt was collected and washed with Et,0. The ppt was
suspended in 400 ml of Et,0 and gaseous NH, was added in excess.
Removal of pptd NH,C1 by filtration and concn of the filtrate gave
an oil which was d1std A small forerun of PhCHO was followed by
the product [16.2 g, bp 150-163° (0.10 mm)] as a viscous oil which
solidified. Recryst from 11 mil of cyclohexane afforded 10.4 g (55%)
of white spherulites (see Table II), The ir and nmz spectral curves
were compatible with the assigned structure. There was no doubling
of the NCH, or the OCHO signals in the crude or purified product
as indication of an isomer mix.

0,0’ -Benzilidenepseudoecgoninol, Isomer Mixture about Ben-
zylic C (45). A soln of 14.2 g (0,083 mole) of pseudoecgoninol in
75 ml of PhCHO was treated with gaseous HCI as was done with
ecgoninol. One hour elapsed before the pptd pseudoecgoninol «

HCI redissolved. Work-up as with ecgoninol gave an oil which solidi-
fied without distn. Trituration with pentane afforded 15.1 g (70%)
of cryst acetal, mp 80.5-85°. Recryst from 30 ml of hexane gave
14.0 g of massive prisms. See Table I for physical and analytical
data. The ir and nmr spectra were compatible with the assigned
structure. The presence of an isomer mixt was not evidenced by
any doubling of NCH, or OCHO signals.

(+)-28,38-(p-Methoxybenzylidenedioxy)-1aH ,SaH-tropane
Methiodide, 3-Phenyl Isomer (7). A soln of 30 mg of22in 5 ml of
Et,0 was treated with 0.5 ml of Mel., After 15 min the pptd solid
was collected, dried at 60° (0.7 mm) for 1 hr, and subjected to nmr
analysis which supported its assigned structure. Nmr peaks (DMSO-
d,) appeared at 3.14 (s, 3, OCH,), 3.38 (s, 3, NCH,), 3.82 (s, 3,
NCH,), and 5.73 ppm (s, 1, benzylic H).

(#)-26,38-(p-Methoxybenzylidenedioxy)-1aH ,SaH-tropane
methiodide, a-phenyl isomer (6), was prepd from 21 as described in
the preceding experiment. Nmr peaks (DMSO-d,) appeared at 3.04
(s, 3, OCH,), 3.62 (s, 3, NCH,), 3.71 (s, 3, NCH,), and 6.24 ppm (s,
1, benzylic H).

Ethyl (2)-3a-Bromo-23-hydroxy-1aH ,SaH -nortropane-8-carboxy-
late 2-Benzoate (46). A soln of 3.0 g (10 mmoles) of a mixt of 8
and 9 in 150 ml of CCl, was treated with 2.0 g (11 mmoles) of NBS
and 5 g (24 mmoles) of BaCO,. The mixt was refluxed for 2.5 hr.
The solid (succinimide) was collected on a filter disk and the fil-
trate was heated in vacuo leaving a residue of 4.4 g of crude 46.
Recrystallization from pentane afforded 3.1 g (81%) of 46, mp 72-
75°. The analytical sample from pentane melted at 77-79°; nmr
peaks at 6 7.30-8.20 (5 H, m, arom), 5.35 (1 H, s, CHOBz), 4.65
and 4.50 (2 H, m, NCH), 4.30 (1 H, m, CHBr), 3.404.40 2H, m,
OCH,CH,), heated to 80° (2 H, q, OCH CH,) and 0.80-3.10 ppm
(9 H, m, CH, + CH,), heated to 80° 3 H t, CH +6H,m,CH,).
Anal (C”H,ONO Br)C, H, Br.

Ethyl (:)-2{5,3[3—Epoxy-1aH ,SaH-nortropane-8-carboxylate (47).
A soln of 41.1 g (0.11 mole) of 46 in 660 ml of EtOH was treated
with 42.7 g (0.31 mole) of K,CO, in 215 ml of H,0. After being
heated under reflux for 3 hr, the reaction mixt was extd with CHCl,.
The H,0 layer was washed again with CHC1,-EtOH (2:1). The com-
bined CHCI, solns were washed (satd NaCl), dried (Na,S0O,), and
concd in vacuo to afford an amber oil. Distn at 110-134° (0,25~
0.35 mm) gave 15.6 g of 47(72%);n*D 1.4930. Anal. (C,,H,,NO;)
C, H, N. This oil crystd. Recrystallization from pentane gave coloz-
less crystals, mp 52.5-53.5°. Anal, (C,H,NO,)C,H, N,

(£)-1aH,5aH-Tropan-28-0l (48). A soln of 0.60 g (3 mmoles)
of 47 in 50 ml of Et,0 was heated under reflux for 2 hr with 0.60 g
(16 mmoles) of LAH, H,0 (1.5 ml) was added and the salts were re-
moved by filtn, The filtrate was coned in vacuo to afford 0.35 g
(83%) of 48; n®D 1.4880; pK, = 9.4 (reported,® n*°D 1.4886;
pK, = 9.62). The ir spectrum was identical with that of an authenuc
sa.mple of 48.

Ethyl (x)-28,3a-Dihydroxy-laef, SaH-norttopane-S -carboxylate
(49). A soln of 12.3 g (0.063 mole) of epoxide 47 in 240 mi of
CHC], was stirred while 25 ml of CF,COOH was added quickly. Af-
ter being stirred at room temp for 1 hr the reaction mixt was added
to 200 ml of 0.1 N NaOH. Extn with CHC1,-EtOH (2:1), drying
(Na,S0,), and evapn of the solvent by warming in vacuo afforded
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13.9 g of an oil. The oily residue was dissolved in 180 ml of EtOH
and was stirred together with 180 ml of 2 ¥ NH,OH for 1 hr at room
temp. Satd NaCl was added and the soln was extd with CHC1,-EtOH
(2:1). Removal of the solvent from the dried (Na,SO,) exts by
warming in vacuo afforded 12.3 g of an oily residue. Chilling of a
soln of this residue in 25 mi of Et,0 gave 4 g of 49, mp 93-98°. The
mother liquor was chromatog on 100 g of silica gel. Elution with
Et,0 afforded 4.2 g of crude starting material. Elution with 100%
THF gave another 3.1 g of 49 (80% yield based on starting material
consumed). Recrystallization from Et,0 afforded 4.2 g of 49, mp
113-115°. Anal._(C, H,,NO) C,H, N,

()-Tropane-28,3a-diol (50). A soln of 0.47 g (22 mmoles) of
49 in 6 ml of THF was added to 0.22 g of LAH in 21 ml of THF and
the mixt was heated under reflux for 6.5 hr. A 1:1 mixt (4 ml) of
H,0 and THF was added, then more H,O and the mixt was extd
with CHCI,-EtOH (2:1). The ext was dried (Na,8O,) and concd by
heating in vacuo to afford 0.41 g of an oil that partially crystd.
Recrystallization from C H, afforded 0.15 g of rhombic crystals of
50,° mp 100-101°, ir (CHC1,) 3438 and 3628 cm™! (bonded and
nonbonded OH bands).
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Several diazirine-containing congeners of biologically active molecules were synthesized. In addition, as a
result of observations of biological activity for some small diazirine-containing molecules not related to
compounds with established biological activity, a series of simple diazirines were prepared.

In an earlier report? we described the synthesis of several
steroids containing the diazirine group and noted the favor-
able effect on the anabolic to androgenic ratio of certain of
these derivatives. Since there were only a few other reports®
concerning the biological properties of diaziridine and di-
azirine-containing molecules, we were encouraged to investi-
gate the biological effects of this novel group.

Our initial approach was aimed at the preparation of di-
azirines congeneric with substances of established utility.
Thus, we prepared the phenothiazine diazirine 4a from
phenothiazine acid 1a* via ketone 2a.7 However, repeated
attempts to effect the transformation of 2-chloro-V-(3-keto-
butyl)phenothiazine 2b, prepared from the corresponding
acid 1b, to the more interesting diazirine 4b were unsuccess-
ful. Although the reason for this failure is not known, this
result, as well as the meager yield (15%) obtained in the
preparation of 4a from 2a, further illustrates the less-than-
satisfactory nature, in many instances, of the ketone-to-
diazirine transformation.t

The unreliable nature of this transformation with more
complex molecules persuaded us to shift our approach and
base our syntheses on the utilization of relatively simple,
otherwise functionalized, diazirine-containing substances.
Toward this end we prepared, among others, the acids §

(n = 2-4), the alcohols 6 (n = 1-3), the acetals 7 (n = 0-2),
and the amines 8 (n =1 and 2). The preparation and prop-
erties of these useful simple molecules, as well as selected

11t should be noted that all attempts to isolate the diaziridine 3a,
a more pertinent analog of the aminoalkylphenothiazines, were un-
successful.

iFor additional examples seeref 1 and 2.

CC, - CLL -

N
(_cooH >0
1

a series, R=H
b series, R = Cl

derivatives, are described in detail in an earlier paper.’$
By unexceptional procedures, the following diazirine-

N=N N=N
\/ \/
CH,C(CH,),,COOH CH,C(CH,)»CH,0H
5 6
N=N N=N
\/ _OR \/
CH,C(CH,),CH CH,C(CH,),CH,NH,
“OR 8
7

containing analogs of clinically useful pharmaceutical agents
were obtained: amides 9 and 10, respectively, of psychic
stimulants tranylcypramine and amphetamine, the phenyl-

§ The use of these compounds for the preparation of cephalo-
sporins containing the diazirine group has been reported; see ref 5.



