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cooling gave 3.12 g (289%), mp 115-131°. Recrystallization
from pet ether (60°-110°) and sublimation [150°(0.1 mm)] gave
1.23 g (159%), mp 143-148° (sinters at 133°). An analytical
sample was prepared by recrystn from MeCN: ninr (CDCLy)

L(S)- and D(R)-3-Amino-1-phenylpyrrolidines.
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Studies leading to the synthesis of L(S)-3-amino-1-phenylpyrrolidine (1) and related LiS)- and v(R)-3-ethyl-
amino analogs 11 are described. An ORD investigation 1s presented which defines the absolute configurations of

intermediates and final products.
anticholinergic activities.

Essentially all of the anticholinergic activity is found in the p(R2)-11 enantiomorph.

data obtained in vivo are also discussed.

Among biologically active compounds the arrange-
ment of atoms >NCCR, where R = aryl, acyl-X, aryl-
X, or some heterocycle and X = C, O, or N, is of major
importance. This unit is fouud in such agonists as ace-
tylcholine and norepinephrine; antagonists having a sim-
ilar arrangement of atoms are exemplified by the cholin-
ergic blocking agents and antihistamines. In other
words, many autonomic drugs may be generally classi-
fied as B-aminoethyl analogs.

As part of a program designed to synthesize com-
pounds of known absolute configuration for purposes of
characterizing biological receptors on the basis of their
stereoselective affinity towards various enantiomorphs,
we explored a synthesis for optically pure L(S)-3-amino-
1-phenylpyrrolidine analogs (1). This compound con-
tains the units HoN-C*-CN(Ph)- and H.N-C*-C-
CN (Ph)- with an asymmetric center (C*) located on the
C a to the -NH; group. In this communication we re-
port the synthesis of 1 from n(S)-aspartic acid (2), an
optical rotatory dispersion investigation which defines
the structures and absolute configurations of interme-
diates and final produects, and some of our preliminary
biological results vn vivo and in vitro with two selected
enantiomorphic analogs of 1.

CH-
1{S¥1

Results and Discussion

Synthetic Aspects.—L(S)-Aspartic acid (2) serves as
starting material. Initially, 2 was converted in S09,
vield to the carbobenzoxy (Cbz) derivative (3a)
through reaction with benzyl chloroformate in the
presence of MgO in H;0.! Derivatization of the
amino group is required in order to render the amino N

* T'o whom correspondence should be addressed.
(1} M. Bergman and L. Zervas, Ber., 66, 1192 (1932).

Biological evaluation in vitro of racemic 11 shows both antihistaminie and
Pure L(S)-11 exhibits a tenfold inerease in antihistainine potency over n(R)-11.

Other preliminary biologieal

less nucleophilic and prevent its participation in subsc-
quent reactions. The Cbz group was first investigated
sinee it s easily removed under conditions emploving
mineral acid or by catalytic hydrogenation.!* The Cbz
derivative 3a is converted into the corresponding anhy-
dride 4a by heating in Ac(). Reaction of anhydride
4a with PhNH. in abs EtOH affords amixture of «- and
g-anilides (5a and 6a), respectively.®* The g-amlide
6a is readily scparated from the « isomer by seleetive
crystallization from FtOH. % Heating the anihide mix-
ture with AeO affords Cbz-L(S)-a—nmino-N-phenyl-
succinimide (7a) in 709, vield. However, all attenipts
to remove the Cbz group under u variety of reaction
conditions either afforded starting 7a or products re-
sulting from hydrolyvsis of the imide ring.  Hyvdrogena-
tion over ’d? in abs MeOH ufforded the diketopipera-
zine dimer 8; shmilar results were obtained by hydrogen-
ation over Pd in HOAe-H.O or F'tOH-HOAe under
analogous conditions.

Sinee the Cbz group proved difficult to remove with-
out destruction of the imide system, we resorted to usc
of the tert-butyloxyecarbonyl (Boe) group which is more
easily liydrolyzed under acidie conditions.* Reuaction
of L(S)-aspartie acid (2) with fert-butyl azidoformate af-
fords the Boc derivative 3b. Heating 3b in AcOH
affords the anhydride 4b. Reaction of 4b with PhNH;
in abs EtOH leads to the intermediate - and B-anilides
(5b and 6b), respectively, in a combined vield of 409%.
The unilide mixture is heated with AcO affording the
desired Boce-L(S)-a-amino-N-phenylsuccinimide (7h).
Reaction of 7b in CI3COH, followed by treatment with
Amberlite TRA-400 ion-exchange resin (RN (CHj)s™-
Cl7) vields a mixture of the HCI salts of imide 9 and
anilide 10. However, short reaction of Boe-L(S)-a-
amino-N-phenylsuccinimide (7b) with HCI gas in
CHCL-C¢Hgs (3:1) affords w»n(S)-a-amino-N-phenyl-

(2) L. Sondheimer and R. W. Holley, J. Awer. Chem. Soc., T6, 2467

(1954).

(3) C.C. Barker, J. Chem. Soc., 433 (1033).

(4) J. IKovaes, H. N. Kovacs, 1. Kovyves, 1. Csazar, T.
Mix, J. Org. Chem., 26, 1084 (1961).

(5) F.E. Kingand E. A. A, Kidd, J. Ckem. Soc., 2976 (1951).

(6) R. Sclhiwyzer, B3, lselin, M. Kappler, 3. Riniker, and 1I. Zuber, Helv.
Chim. Acta, 46, 1975 (1963).

Vaja, and 11.
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succinimide-HCI (9). The free amine is liberated from
its salt 9 by treatment with 29, NaHCO; solution.
LAH reduction of hydrochloride 9 affords wL(S)-3-
amino-1-phenylpyrrolidine (1). This successful synthe-
sis of 1 and 9 allows for the preparation of numerous de-
rivatives, having either the L(S) or b(R) abs configura-
tion, for biological investigations.

In this report we discuss the antagonist activity of
the enantiomorphic Et analogs of L(S)-1, namely, L(S)-
and p(R)-11, on H,; receptors of the guinea pig ileum.
The preparation of 1(S)-3-ethylamino-1-phenylpyr-
rolidine (11) from 1(S)~aspartic acid (2) is described be-
low; synthesis of D(R)-11 from p(R)-2 is similar. The
HBr salt of L(S)-2 is heated with Ac.O affording the
acetyl anhydride 4¢. This could be hydrolvzed to the
corresponding «-acetamido-L(S)-aspartic acid (3¢) for
characterization purposes. Anhydride 4¢ is converted
into the imide L(S)-a-acetamido-N-phenylsuccinimide
(7¢) by a sequence of reactions previously described for
the preparation of the Boc derivative 7b. Reduction
of 7¢ with LAH affords n.(S)-11. Distilled amines are
dissolved in very dil HCI; aliquots of known concentra-
tion are taken and dissolved in the appropriate buffer.
The solutions are biologically evaluated the same day
after distillation.

Optical Rotatory Dispersion (ORD).— a-Amino acids
of the L configuration, when examined in acid medium,
show a long wavelength peak at 225 mu, crossover at

210-212 my, and a trough at 195-200 mu.” The Cotton
effect corresponds to the n - =* transition of the CO.H
chromophore. Since p-amino acids exhibit o similar
Cotton effect, but of opposite sign, the ORD may read-
ily be correlated with the abs coufiguration of amino
acids in solution.

The Cbz, Boc, and Ac derivatives of L(S)-Asp (3a, b,
and ¢, respectively) exhibit negative anomalous ORD
curves with a trough between 240 and 245 mu. These
ORD curves correspond to the n — =* transitions of the
CO group for the Cbz, Boc, and acetamido functions
(curves B in I'igures 1, 2, and 3, respectively).® The 3-
anilides (6a, b, and ¢, curves C) of these 3 N-substituted
aspartic acids exhibit negative plain curves iu the region
270-300 mu. This increase in intensity of the ORD
curve reflects the influence of the anilide chromophore
on the asymmetric center.? The Cbz, Boe, and Ac de-
rivatives of L(S)-a-amino-N-phenylsuccinimide exhibit
negative Cotton effects (curves A) with troughs near
245 mu. This corresponds to the » — =* transition for
the Cbz, Boc, and AcCO groups.® The decrease i in-
tensity of the trough at 245 mu characterizes the anilide

(7) (a) W. Caffiedd, Chem. Ind. (London), 1460 (1964): (b} D. W. Urry
and H. Eyring, J. Amer. Chem. Soc., 86, 4574 (1964): (¢} J. C. Craig and
S. K. Roy, Tetrahedron, 21, 391 (1965).

(8) N. Sakota, Nippon Kagaku Zasshi, 89, 423 (1968).

(9) I. Frie, V. 8. Spirko, and K. Blaha, Collect. Czech, Chem. Commun.,
33, 4008 (1968).
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Figure 1.—ORD spectra of the Cbz derivatives taken in MeQH:
(A) Cbz-L(8)-a-amino-N-phenylsuccinimide (7a, ¢ 0.012); (B)
N-Cbz-L(S)-Asp (3a, ¢ 0.010); (C) N-Cbz-L(S)-Asp p-anilide
(6a, ¢ 0.095).
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Figure 2.—ORD spectra of the Boc derivatives taken in MeOH:
(A) Boc-L(8)-a-amino-N-phenylsuccinimide (7b, ¢ 0.010); (B)

N-Boc-L(8)-Asp (3b, ¢ 0.011); (C) N-Boce-L(S) Asp S-anilide
(6b, ¢ 0.011).
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to hinide conversion, correlates the spectra for these
conipounds with the n(S) absolute configuration, and
suggests the CO chromophore of the protecting group to
have a greater influence on the ORD than does the N-
phenylimide functiou.

Removal of the Boe group affords L(S)-e-amino-N-
phenylsuceinimide, the ORD spectrum of whiely, either
as the free base (curve G, Figure 4) or HCI salt (9, curve
D, Figure 4), exhibits a negative Cotton effect with a
trough at 320-330 mu. This large shift in the ORD
curve to a longer A reflects the removal of the CO chrom-
ophore and corresponds to electronic transitions for the
N-pheuylimido chromophore.™ Tmide hydrolvsis,
which may take place during protecting group removal,
is easily detected since the resulting L(S)-aspartic acid
g-anilide HCI exlibits the expected positive rotutory
dispersion (curve A, Iigure 4).  This is similar to the
ORD observed for 1n(S8)-a-aminosucecinic acid-HCI
(curve B) and oceurs at approximuately the smme A
(although opposite in sign) observed for the imide.
These studies substantiate the applicability of the syn-
thetic zchemes for the preparation of substituted and
unsubstituted 1L(S)- or bLR)-e-uminosuceinimides.
LAH reduction of 1(5)-9 affords n(S)-1 exhibiting n
plain positive ORD curve (sec Experimental Section).
Reduection of L{(S)-Te and n(R)-Te atford L(S)-11 and
n{R)-11, respeetively, exhibiting enantiomorphic ORD
spectra (see Ilxperimental Section).

Biological Aspects.—The antihistaminic and anti-
chalinergic aetivity u eifro for racemie, L(S)-, and
»()-3-cthylamino-1-phenylpyrrolidine  (11) s deter-
mined emploving the method of Magnus on the isolated
guinea pig ileuni.  These results wre listed in Table T.
At histamine concentrations between 1.0 X 10~% to
1.0 X 10~7 37, L(S)-11 at 1.0 X 10~5t0 5.0 X 1034/ or
L(R)-11 ar 1.0 X 1072 to 5.0 X 10~* ] displace the ago-

TasrLe T
ANTIHISTAMINIC AND ANTICHOLINERGIC ActiviTy in Vitro
ror Racemic, L(S)-, aND D(R)-11¢

Antihistaminic
Compd activity pds Anticholinergic activity pA4:
Rac-11 5.0-5.8 3.0
L(S)-11 5.92 Too weak to be calculated
p(R)-11 4.92 3.5-4.0
Antazoline? 7.67 5.47

¢ Data obtained n vitro on the guinea pigilewm. ?J. J. Reuse,

Brit. J. Pharmacol., 3, 174 (1948).

nist dose-response curve to the right. The calculated
pA. values!? (Table I} show L(S)-11 to possess approx-
imately 10 times greater antihistaminic potency than
p(R)-11.

It is well known that for maximum antihistaininic
activity compounds of type 12, where X = N, CO,
or saturated C, are necessary.!® It appears that strong-

(10) (a) C. Djerassi, E, Lund, E. Bunnenburg, and J, C. Sheehan, J. Org.
Chem., 26, 4309 (1861); () in H20 this trough for the HCl salt 9 appears at
280 mu. Wavelengths of n — =* bands are generally found to decrease
(blue-shift) with thie increase in the polarity of the solvent. See M. Kasha,
Discuss. Faraday Soc., 9, 14 (1950), and H. J. McConnell, J. Chem. Phys.,
20, 700 (1952),

(11) J. Sterni, Y. 8. R. Iirishna Prasad, and J, A. Schellman, Tetrahed-
ron, 13, 176 (1961),

(12) (a) H, O. Schild, Brit. J. Pharmacol., 4, 277 (1949): bid., 2, 189
(1947); (L) A.S.F. Ashand H, O. Schild, 7bid., 37, 427 (1966).

(13) For a review see D, T. Witiak in "Medicinal Chemistry,” A, Burger,
Ed., Wiley, New York, N. Y., 1970, chapter 63.



HisTaMINE AND ACh STEREOSELECTIVE ANTAGONISTS

est competmve antagomsm occurs when at least one
ring is capable of assuming a position 5-6 A from the

Ar\
X—C——C—N/
Ar

12

amino N.  While utilization of two aromatic rings af-
fords compounds which are most potent as antihista-
mines, reports in the literature suggest one ring and its
relative distance from the aliphatic N to be the major
contributor to antihistaminic activity on H; receptors.!3
For example, N,N-dimethyl-2-halogeno- and hydroxy-
phenethylamines show relatively high antihistaminic
activity.’* Studies by Casy and Ison,” employing
semirigid 2-butene analogs of type 13, also suggest the
amine to ortho aromatic position distance of 4.8 A to be
particularly significant for antthistaminic activity,
This distance (in antihistamines) is related to the amine
to imidazole N distance in the staggered conformation
of histamine (14). A second aromatic ring (R in 13) is

\:4-8:\—_\ XAI.GA—\N/\
\N X - /\/l§/NH
N
R 4
13 14

assumed to bind to an additional receptor area outside
the histamine receptor site thereby affording a com-
pound with greater affinity and blocking activity.

The data obtained with stereocisomeric pyrrolidines
11 are of particular interest since these compounds con-
tain only one aromatic ring appropriately placed at a
distance of about 5 A from the aliphatic N. Their ac-
tivity in vitro may be compared with an antihistamine
(antazoline)!® of intermediate activity on the guinea
pig ileum (Table I). TUnderstandably, the pyrrolidine
analogs 11 are not as potent as other standard drugs
(i.e., diphenhydramine, pA, = 8.14; chlorpheniramine,
pA; = 8.82)17 which have two aromatic rings and pre-
sumably greater affinity for antihistamine receptor sites.

Prior to the results described in this study, stereose-
lective antihistaminic activity had only been observed
when the asymmetric center was located « to the aro-
matic ring functions; in other words, the asymmetric
unit is located on the C 8 to the aliphatic N.138 This is
observed for the dextrorotatory isomer of dimethyla-
niinoethyl 4-methylbenzhydryl ether which is 4 times
as active as the levorotatory enantiomorph. Similarly,
the d forms of carbinoxamine, pheniramine, chlorphen-
iramine, and brompheniramine are the more potent
enantiomorphs.’®* With isothipendyl, where the asym-
metric center is located 8 to the aromatic rings (« to
NMe,) resolution affords d and ! enantiomorphs exhib-

(14) J. D, P. Graham and M. A, Karrar, J. Med. Chem., 6, 103 (1963),

(15) A.F.Casy and R. R. Ison, J. Pharm. Pharmacol., 32, 270 (1970).

(16) J.J. Reuse, Brit. J. Pharmacol., 8, 174 (1048).

(17) P. B. Marshall, ibid,, 10, 270 (1955).

(18) (a) M. J. Jarrousse and M, T. Regnier, Ann. Pharm. Fr,, 9, 321
(1951); (b} A. F. Harms and W. Th, Nauta, J. Med. Pharm, Chem., 2, 57
(1960).

(19) (a) A. P. Roszkowski and W. M. Grovier, Pharmacologist, 1, 60
(1959): (b) F. E. Roth, Chemotherapia, 8, 120 (1961): (c) F. E, Roth and
W, M. Grovier, Amer, J. Pharmacol., 124, 347 (1958); (d) R. T. Brittain,
P. F. D'Arcy, and J. H. Hunt, Nature (London), 183, 734 (1959); (e) A,
Shafi'ee and G. Hite, J. Med. Chem., 12, 266 (1960),
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Figure 3.—ORD spectra of acetyl derivatives taken in MeOH:
(A) Ac-L(S)-a-amino-N-phenylsuccinimide (7¢, ¢ 0.111; (B)

N-Ac-L(S)=Asp (8¢, ¢ 0.111); (C) N-Ac-L(S)~Asp B-anilide (6¢, ¢
0.042).

iting less activity than the original dl pair.’®® Also, in
promethazine (asymmetric center o to NMe;) d and [
isomers are reported to have the same toxicity and ac-
tivity.?® These observations have led to the suggestion
that regions adjacent to H; histamine receptors are
asymmetric!® since the receptor affinity for aryl groups,
presumably binding to extrahistamine-receptor sites,
is influenced by the asymmetry of the C to which they
are bonded. Results with p(R)- and n(S)-11 show
asymmetry at the C « to the amino group in an appro-
priately constructed antihistamine also influences the
receptor-drug interaction. Although further work is
necessary, if the same antihistamine binding site is in-
volved with the pyrrolidines and classical antihista-
mines, these results will have to be considered when
attempting to “map’’ the structural features of the anti-
histamine receptor.1-2!

Classical antihistamines, like antazoline (Table I),
are generally less active antagonists for AcCh. The
same is true for the pyrrolidines 11. However, stereo-
selective activity is again observed. Whereas the L(S)
isomer is the most active antagonist for histamine, the
p(R) isomer has nearly all of the antichlorinergic activ-
ity #n vitro. In addition, at higher doses both isomers
have cholinergic agonist activity, 1(S)-11 (1.0 X 10-°
and 5.0 X 10—% M) and p(R)-11 (1.0 X 10—*and 5.0 X
10—4 M) isomers exhibit a slow sustained contractile re-
sponse (up to 18-25% of the maximal contraction) of

(20) L. Toldy, L. Vargha, I. Toth, and J. Borsey, Acta Chim. Acad. Sci.
Hung., 18, 273 (1959),
(21) G.Hiteand A, Shafi’ee, J. Pharm. Sci., 86, 1041 (1967).
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Figure 4—ORD spectra of the nonderivatized amino series:
(A) L(S)-Asp g-anilide- HCI (10, MeOH, ¢ 0.066); (B) L(S)-Asp-
HCI (2, H.O, ¢ 0.143); (C) L(8)-a-amino-N-phenylsuccinimide

(free base of 9, MeOH, ¢ 0.111); (D) L(S)-a-amino-N-phenyl-
succinimide- HCI (9, MeOH, ¢ 0.042).

the guinea pig ileura which reaches the peak after 10
min, This shows that in addition to their blocking
effects both isomers exhibit cholinergic activity. In
this case the L(S) enantiomorph is about 10 times more
potent than the n(f) isomer.

Cholinergic stimulants have been shown to induce
hypotherniia i1 mice, a response easily quantified.
Thirty minutes after an ip dose of 20 mg/kg (which pro-
duced no grossly observable behavioral effects), § and
539, drops in rectal temperature are produced by the
L(S)- and n(R)-11 isomers, respectively; at 60 min teni-
peratures are 5 and 29 below normal (Table II).
These results suggest the L(S) isomer may also possess
the greater cholinoniimetic potency (in vivo), but addi-
tional work is required to rule out hypothermia resulting
from other pharmacological mechanisms.

TasLi 11

L(S)- AND D(R )=3-ETHYLAMINO-1-PHENYLPYRROLIDINE (11)
InpuceEDp HyPoTHERMIA IN MALE Mice®

Comypd To T3 Teo

L(8S)-11 38.1 = 0.5 35.0 &= 0.6 36.2 £ 0.6%°
(100) (92) (93)

D(R)-11 38.2 £ 0.5 36.4 &= 0.5%¢ 37.5 & 0.2
(100) (95) (98)

* Values are expressed as the mean temp %= 8. D. in each treat-
ment group of 5 mice. Values in parenthesis represent the per-
centage of predrug (7,) temperatures. *p <0.001 [L(S) Ts
vs. To; D(R) Tsovs. Tol. °p < 0.01 [L(S) Ty vs. D(R) T “p
<0.005 [L(S) Teo vs. To]; ¢ p <0.005 [L(S) Teovs. D(R) Too]. ‘' p
<0.02 [D(R) Tso vs. To).

WITIAK, of al.

Toxicities for these compounds in mice are approxi-
mately equal. The LD;e for n(S)- and n(R)-11 are 38
and 435 mg/kg, respectively. At toxie doses, the mm-
mals exhibit hyperexcitability and convulsions prior to
death.

Experimental Section??

Cbz-L(S)-Asp (3a) is prepared by the method of Berginan and
Zervas! from 1-Asp (2) and benzyl chloroformate affording erys-
tals (809,) of 3a, inp 115-120°, lit.* mp 116°.

Cbz-L(S)-Asp anhydride (4a) is prepared from 1-3a by reaction
in Ac,0 affording erystals (8267 ) mp 90-92°, lit.1mp 87°.

Cbz-L(S)-Asp «- and S-Anilides (5a and 6a).—Cbz-L(S)-Asp
anhydride (4a, 11.8 g, 4.3 X 1072 mole) was added to o soln
of 9.33 g (0.10 mole) of PhNH, in abs IXtOH. The mixture be-
came warm and a precipitate was formed after 0.5 hr. The
mixture was acidified with HCl. The ppt was sepd by filtra-
tion, dissolved in 3¢, NaHCO;, and extd with Et:0. The aq
soln was acidified, the ppt removed, washed with H»O, and dried
under reduced pressure at 30°. This afforded 102 g (50%)
of a mixture of N-Cbz-L(S)-A=p a- and B-anilides. Repeated
erystn from 93¢ 12tOH affords N-Chz-L(S)-Asp g-anilide mp
166-168°. dnal. (C,sH,sN:0;5) C, H, N.

Cbz-L(S)~a-amino-\ -phenylsuccinimide (7a).—The mixture
of N-Cbz-L(8)-Asp a- and g-anilides (5a and 6a, 2.8 g, 8.0 X
10—2 mole) and 20 ml of A, wax heated on stenm bath for 1
hr. The Ac,O and T1OAc¢ were removed under reduced pressure
and erystallization of the resulting =vrup was induced by addi-
tion of PhIl. Reaystallization from abs EtOH afforded 1.9 g
(706,) of erystals:  mp 160-162°; nun (DMSO-d, 8), 7.35 (multi-
plet, 10 I, Ph), 510 (singlet, 2 1I, CH), 7.07 (doublet, 1 H,
NI); Jxpeeeen = 7.00 Hz. The ABX portion of the nmr
spectrum? (alicyelic protons) ix found in Table IIL.  Anal.
(CisH1N:04), C, H, N

N-Boc-L(S)-Asp (3b).—L(S)-Asp (2, 13.3 &, 0.10 mole) was dis-
solved in 75 ml of 2 N NaOII and added to a soln of 17.7 g (0.12
mole) of tert-butyl nzidoformate i 25 ml of MeOH. LN
(14 ml) in 25 1l of MeO! wax added dropwize and stirved at
40° for 2 hr and then at roowm temp for 15 hr. The =oln was
taken to pII 7 with 2 N HCl and the MeOH was removed under
reduced pressure. The =acidified aq residue was extd with
It,0, dried (Nas80.}, and coned under reduced pressure.  The
residue, after shaking with pet ether, afforded 10.6 g (40¢7) of
cryxtals, mp 124-126°. . lnal. (Coll:0eN), C, H, N.

N-Boc-1(S)-Asp Anhydride (4b).~ -N-Boc-1{S)-Axp (3b, 2.15 g,
1.0 X 10~2 mole) was added to 30 ml of Ac;O und heated on a
ste;un bath for 30 min. The Ac:0O and the HOAce were removed
under reduced pressure. The =yrupy liguid was erystd upon
addition of Skellysolve B affording 1.5 g (647, of erystals, mp
108-110°.  Anal. (C:H,,O:N) C, 1, N.

Boc-1.(8)-Asp a- and $-Anilides (5b and 6b).—.V-Boe-1.(S)-Asp
anhydride (4b, 2.15 g, 1.0 X 10-* mole) was added to a =oln
of 1.86 g (2.0 X 1072 mole) of PhNH: in 20 mi of abs tOIL
The mixture was stirred at room temp for 15 hr and acidified
with 1 N HCL A syrupy material was deposited which crystal-
lized on standing for 24 hr at voom temp. The crystals were
dissolved in 56, NaHCO; and the excess PhNH; was removed by
extraction with Et Q. After being stored at 0° for 24 hr the
aq lnver was acidified with 1 N 11C1 affording 1.2 g (40%5¢) of a
ppt containing 5b and 6b, respectively. Reerystallization from
95C; LtOH afforded 6b, mp 148-150°. The purity of the
B-anilide was confirmed by ir analysis, by paper chromatography,
and by use of ninhydrin reagent.ss  Anal. (CiHaN:0:) C, H,
N.

N-Boc-L(S)-a-amino- -phenylsuccinimide (7b).—The inix-
ture of a- and g-anilides (5b aud 6b, respectively, 3.05 g, 1.0 X
10~% mole) was heated on a steam bath for 1 hr. The AcO

(22) Melting points were taken on a calibrated Thomas-Hoover melting
point apparatus. lr spectra were recorded utilizing a Perkin-lilmer 257
spectropliotometer. ORD spectra were taken utilizing the Durrum-Jasco
ORD/CD instrument, Nmr spectra were recorded on a Varian AB0A
spectrometer. Clemical shifts in DCCl: and DMSO-d were recorderl down-
field from internal TMS, Clemical shifts in D:O were recorded downfield
from internal sodium 3-{trimethyl)propylsulfonate, Elemnental analyses
were performed by Clark Microanalytical Lals, Urbana, 111

1231 I{, B. Wiberg and B. J. Nist, "1 he luterpretation of NMR Spectra,”
W, A. Benjamin, lne., New York, N. Y., 1962, pp 21-25.
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TasLE 111
ABX CALCULATED SPECTRA® FOR SUCCINIMIDE DERIVATIVES

ppm: Hgz
Compd Z SH, Hp SHx J AB(gem) J AX(eis) JBX (trans) Solvent®
7a Chz 2.91 2.96 4.63 18.00 11.90 5.20 DMSO-d
b Boc 3.01 3.03 4.33 18.00 9.03 6.97 DCCl;
7c Ac 2.88 2.95 4.58 18.00 10.67 4.74 DMSO-d
9 HCI salt 3.31 3.35 4.78 18.50 9.36 5.14 D,0¢
9 Free base 2.83 2.85 3.99 18.00 8.74 5.76 DCCl;

@ Caled according to ref 23.

» The chemical shifts are expressed in parts per million downfield from internal TMS,

¢ The chemical

shift is expressed in parts per million downfield from internal sodium 3-(trimethylsilyl)propylsulfonate.2?

and HOAc were removed under reduced pressure. Crystalliza-
tion of the resulting syrupy liquid was induced by addition of
PhH. Recrystallization from EtOH afforded 1.5 g (51%) of
crystals: mp 166-168°; umr (DCCl,, §), 7.40 (multiplet, 5 H,
Ph), 1.45 [singlet, 9 H, (CH;),C], 5.61 (doublet, 1 H, CONH,
JInH.a—ca = 7.0 Hz). The ABX portion? of the nmr spectrum
(alicyclic protons) is found in Table II1I. Anal. (Ci:HisN20,)
C,H,N.

L(8)-a-Amine-N -phenylsuccinimide - HC1 (9).—N-Boc-L(8)-a-
amino-N-phenylsuccinimide (7b, 1.45 g, 5.0 X 107® mole)
was dissolved in a mixture of HCCL-PhH (3:1). Gaseous
HCl was passed through the solu with continuous stirring.
After 10 min a white crystalline compd began to ppt. After
standing at room temp for 2 hr the crystals were filtered and
recrysd from MeOH-LEtOH (1:3) affording 6.8 g (75%) crystals:
mp 248-250; nmr (D0, §), 7.50 (multiplet, 5 H, Ph). The
ABX portion of the nmr spectrum?? (alicyclic protons) is found
in Table I1I.  Anal. (C,;H,N:0.Cl) C, H, N, Cl.

The free base L(S)-a-amino- -phenylsuccinimide was obtained
by suspending the HCI salt 9 (1.13 g, 5.0 X 107 mole) in
HCCl; (20 ml). The mixture was cooled (ice) and 29, NaHCO,
soln was added dropwise until the soln became clear. The
HCCl; layer was separated and the aq layer was repeatedly
extracted with HCCl;, The HCCI; fractions were combined,
dried (Na.80,), and filtered and the solvent was removed under
reduced pressure affording 6.5 g (52.29,) of white crystals:
mp 124-125°; nmr (DCCl;, §), 7.32 (multiplet, 5 H, Ph), 1.76
(singlet, 2 H, NH,). The ABX portion? of the nmr spectrum
(alicyclic protons) is found in Table I1I. Anal. (C,(H,(N:0;) C,
H,N.

N-Ac-L(S)-Asp (3¢) is prepared by the method of Barker?® from
L(S)-Asp (2) and Ac,O affording 709, crystals of 8¢, mp 140-141°,
lit.* mp 139-140°.

N-Ac-1(8S)-Asp anhydride (4c) is prepared by the method of
Kovacs and coworkers? from L(S)-Asp-HBr and Ac,O affording
2.80 g (60%) of crystals of 4¢, mp 177-179°, lit.23 mp 187°.

N-Ac-L(8)-Asp «- and g-Anilides (5¢ and 6¢).—N-Ac-L(S)-
aspartic acid anhydride (4¢, 3.14 g, 2.0 X 10~2 mole) was added
to a soln (4.67 g, 1.0 X 10~2 mole) of PhNH; in 15 ml of abs
EtOH. The mixture became warm and gave a clear soln which
deposited crystals after 12 hr. The mixture was acidified with
1 & HCI, the ppt was sepd by filtration and dissolved in 59
NaHCO; soln, and the PhNH,; was removed by extraction with
Et;0. The aq soln was acidified after being kept at 0° overnight.
The ppt was removed by filtration, washed with H;O, and dried
under reduced pressure at 30°. This afforded a mixture of a-
and g-anilides (5¢ and 6¢) of N-Ac-L(S)-Asp. Repeated re-
crystn from 95% EtOH afforded 3.1 g (629%) of crystals of
N-Ac-L(S)-Asp B-anilide (6¢): mp 190-192°, lit.* mp for the
dl-g-anilide 188-190°; ir (KBr, cm—!), 3350 (NH, stretch),
1725 (CO, stretch of the anilide), 1660 (CO, stretch of the
acetamide), 1600, 1550, 770, 700 (Ph).

Ac-L(S)-a-amino-N -phenylsuccinimide (7c¢c).—The mixture of
N-Ac-1-Asp o- and B-anilides (5¢ and 6¢, 1.0 g, 4.0 X 103 mole)
were heated at 95° for 1 hr with Ac;0. The Ac;0 and HOAc

(24) T. Kovacs, H. N. Kovacs, and R. Ballina, J. Amer. Chem. Soc., 85,
1839 (1963).

were removed under reduced pressure. Crystallization of the
resulting syrupy liquid was induced by addition of PhH. This
crude imide, 0.55 g (70.5%), mp 160-162°, was recrystd from
abs tOH affording white crystals: mp 163-164°, lit.* mp for the
dl-imide 162-164°; nmr DMSO-d, §) 7.41 (muitiplet, 5 H, Ph),
1.90 (singlet, 3 H, CH;), 8.61 (doublet, 1 H, CONH). Jxg_a—cH
= 7.00 Hz. The ABX portion of the nmr spectrum?® (alicyclic
protons) is found in Table I1I.  Anal. (C;2H11N:0;) C, H, N.

L(S)-3-Ethylamino-1-phenylpyrrolidine (11).—To a stirred sus-
pension of LAH (0.66 g, 1.7 X 10~% mole) in dry Et;O (75 ml)
was added 0.5 g (2.2 X 1072 mole) of Ac-L(8)-a-amino-V-phenyl-
succinimide (7¢) suspended in Et;O (50 ml). After addition
the mixture was stirred overnight and the excess LAH decom-
posed by dropwise addition of ice-cold 109, NaOH. The mixture
was filtered and the Et.O filirate was washed with H.0, dried
(Na2SQ,), and concd under reduced pressure affording a yellow
oil. The bp was not accurately determined because the compd
was prepared on a small scale, approx bp 105-112° (0.025 mm).
Yield after distn was 0.26 mg (649,) of a colorless oil (11) which
turned yellow on prolonged exposure to air; glpe identical with
3-p(R)-ethylamino-1-phenylpyrrolidine (11); ir (neat, em™?),
3300 (NH, stretch), 3058 (CH stretch, Ph), 2956 (CH,, stretch),
1605 (Ph). ORD shows a positive plain curve which is the
mirror image of the curve described for p(R)-11. The nmr
spectrum, which can not be analyzed by first-order principles,
was in general agreement with the assigned structure. Anal.
(C2HisN2) C, H, N,

N-Ac-D(R)-Asp anhydride 5¢ was prepared according to the
method described for the L(S) enantiomorph in 50.59%, yield, mp
175-177°, The ORD for the p(R) compd was the mirror image
of the spectrum for the L(S) isomer.

N-Ac-D(R)-Asp g-anilide (6¢) was prepared according to the
method described for the L(S) enantiomorph. After repeated
crystn from abs EtOH 28.59, crystals, mp 182.5-183.5°, were
obtained. The ORD for the p(R) compd was the mirror image
of the spectrum for the L(S) isomer.

Ac-D(R)~a~amino-N-phenylsuccinimide 7¢ was prepared from
the p(R)-a and g-anilide mixture (5¢ and 6¢), according to the
method described for the L(S) enantiomorph in 619, yield, mp
173.5-174.5°. The ORD for the p(R) compd was the mirror
image of the spectrum for the L(S) isomer.

p( R)-3-Ethylamino-1-phenylpyrrolidine (11) was prepared
according to the method described for the L(8) enantiomorph in
64-65%, yield. The boiling point was not accurately determined
because the compd was prepared on a small scale: approx bp
105-112° (0.025 mm); glpc on 109 silicone gum rubber (UC-
W98) on diaport-S (80-100 mesh), 4 ft X 0.25 inch glass column
with column temp 150° injection port temp 280°, detector
temp 265°, inlet pressure of 40 psi and carrier gas (He) rate 60
ml/min showed one peak at 11.6 min; ORD (¢ 0.094, MeOH)
(29°) [¢ls —93.14°, [pls0 —78.55° [¢lns —133.60°. Anal.
(Ci:HisN2) C, H, N.

1(8)-3-Amino-1-phenylpyrrolidine (1).—To a stirred suspen-
sion of LAH (228 mg, 6.0 X 107% mole) in Et,0 (50 ml) was
gradually added 226 mg (1.0 X 102 mole) of L(S)-a-amino-N-
phenylsuccinimide . HCI (9) in small portions. The stirring was
continued overnight at room temp. The excess LAH was de-
composed by dropwise addition of ice-cold 109, NaOH soln.
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The mixture was filtered and the I't;O filtrate was washed with
H.0, dried (NasS0,), and coned under reduced pressure: approx
bp 90-100° (0.005 mm); yield after distn, 92 mg (36.8%);
gipe on 3.8%, silicone gum rubber (UC-W98) on chromosorb-W
(80-100 mesh), 4 ft X 0.25 in. glass column with column
temp 150°, injection port temp 280°, detector temp 260°, iulet
pressure of 40 psi and carrier gas (I1e) rate 60 mnl/min showed
one peak at 3 min; ir (neat, em™1), 3344 and 3280 (NH, stretch),
1596 (NH, bending), 1366, 1505, 1483 (Ph); ORD (¢ 0.030,
MeOH) (29°) [¢lso +19.46°, [plao + 20.19°, [¢]ao +48.65°.
The nmir spectrum, which could not be analyzed by first-order
analysis, was in general agreement with the assigned structure.
Anal. (C,eH;sN.) C, H, N.

Biological Aspects.—The acute toxicity of L(8)-3-ethylamino-1-
phenylpyrrolidine (11) and the p(R) enantiommorph was deter-
mined in groups of S mice (25-30 g) 24 hr after an ip injection of
the drugg. The LDy was determined by the method of Litch-
field and Wilcoxon.®»

Rectal temp of mice were measured with a Y-51 Tele-thermom-
eter (Yellow Springs Instrument Co.) equipped with a small
animal probe. Temperatures were recorded immediately prior

(25) J. I". Litehfieid, Jr. and I'. Wilcoxon, J. Phkarmacol. Exrp, Y'her., 96,
99 (1949).

SMISSMAN AND EL-ANTABLY

to injection of the test drugs (') and at 30 and 60 min there-
after (7', and T, respectively).

Antihistaminie and anticholinergic activities n vitro were de-
termined utilizing the isolated guinea pig ileum suspended in
Krel's soln at 37 4 0.5° and bubbled with 95¢; 0:=5¢; CO..
Tissues were allowed th stabilize 30 min after mownting.  After
30 min either histamine or acetyleholine were given at 15-min
intervals in order to construct a dose-response curve; the
agonist was given 15 min before and after administration of the
test drugs.

All compds were prepd and dist on the =ame day of the biolog-
teal evaluation. I'ree bases were dixsolved in 5 ml of .1 ¥V
HCL A known alignot for assay in witro was dissolved
Kreb’s bicarbonate =oln. For work in vive the HCI soln wax
further diluted :nd ndjusted to about pH 6.
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The synthesis of the four possible 3-isopropylamino-2-phenyl-trans-2-decalols (5-8) is described. These four d!
compounds, N-isopropylnorephedrine (8), and N-isopropylnor-g-ephedrine (4) were assayed for their ability to
potentiate p-( — )-norepinephrine in the contraction of the vas deferens.

In a recent report from these laboratories' the syn-
thesis and preliminary testing of the trans-perhydro-
quinolines 1 and 2 were discussed. These conipounds
were not active as a-adrenergic receptor agonists in the

OH CH.

CH- OH
. N : N
H H
1 2

vas deferens assay, however, they potentiated the D-
(—)-norepinephrine contraction of the vas deferens mar-
kedly. Compound 1 was considerably more effective in
this sensitization than 2, thus indicating a true steric de-
pendency. These substances can be viewed as N-iso-
propy! derivatives of ephedrine-like compounds.

In order to study the possible mechanism and steric
requirements of this potentiation it was decided to pre-
pare and test N-isopropylnorephedrine(3), N-isopro-
pylnor-y-ephedrine(4), and the four trans-decalin ana-
logs, 5, 6, 7, and 8.

The synthesis of (=)-N-isopropylnorephedrine(3)
and (%)-N-isopropylhor-¢-ephedrine was reported by
Engelhardt and coworkers.® After preparing (=)-nor-
pseudoephedrine from commercially available (£ )-nor-

* To whom correspondence should be addressed.

(1) E. E. Smissman and G. 8. Chappell, J. Med. Chem., 12, 429 (1969).

(2) k. L. FEngelhardt, F. S, Crossley, and J. M. Sprague J. Amer. Chem,
Soe., T3, 2718 (1950).

CH- CeH.,
H-7O0H H-7™~OH
CH,\ /NHCH(CH,). H\/-NHCH(CH,),
H CH,
3 4
OH
CH, OH
CeH,
NHCH(CH,), NHCH(CH,).
5 6
CGH.5
CH, OH
OH
NHCH(CH,), NHCH(CH,),
7 8

ephedrine by the method of Miuller,® the Engelhardt
procedure was followed.

The synthesis of the 4 possible dl pairs of 3-isopro-
pylamino-2-phenyl-trans-2-decalols, 5, 6, 7, and 8, was
accomplished by modifications of the procedures uti-
lized in the preparation of the nor compounds in this

(3) von H, IX. Muller, Justus Liebigs Ann, Chem., 599, 211 (1956).



