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Small Ring Analogs of Acetylcholine.

Synthesis and Absolute

Configurations of Cyclopropane Derivatives'

P. Dovaras ARMSTRONG AND JoserH G. CaNNoN!P

Division of Medicinal Chemistry, College of Pharmacy, The University of Iowa, Iowa City, Iowa 52240

Recetved June 13, 1970

Conformational rigidity has been conferred upon the OCCN portion of acetylcholine by incorporation of the

C atoms into a cyclopropane ring.

trans-2-Acetoxycyclopropyltrimethylammonium iodide has been prepared

from an olefinic starting material, 2-vinyloxytetrahydropyran; assignment of the trans configuration to the
1,2-disubstituted cyclopropane systems was based upon literature precedent and upon nmr data, and was con-

firmed by X-ray crystallographic analysis.

Resolution of one of the racemic intermediates in the reaction
sequence was achieved, which permitted preparation of both enantiomers of the final product.

X-Ray crystallo-

graphic analysis has demonstrated that the muscarinically active (4 )-trans-2-acetoxyecyclopropyltrimethyl-
ammonium iodide possesses the same absolute configuration as the musecarinically active enantiomers of acetyl-3-

methylcholine and muscarine.

Earlier communications have presented preliminary
reports of the synthesis? of (4)- and (—)-trans-2-
acetoxycyelopropyltrimethylammonium iodide 9 and
the details of the cholinergic effects and enzymatic
hydrolysis rates® of the two isomers. Herein are
presented the details of synthesis of (+)- and (—)-9
(outlined in Scheme I), and assignments of absolute con-
figurations to the enantiomers.

The 2-tetrahydropyranyl moiety was utilized to
mask the cyclopropanol group which is highly suseepti-
ble to ring-opening and other undesirable reactions.*
This protecting group is stable in neutral and basic
media, and is easily cleaved under very mild acidie
conditions.? 2-Vinyloxytetrahydropyran (2) reacted
with ethyl diazoacetate to give a mixture of the cis- and
trans-cyclopropane isomers (10 and 3) which were
separable by distillation. The configurational assign-
ments at this stage were tentative and were based upon
the expected predominance of the sterically favored
trans isomer in reactions of this type.! Vpe analysis of
the crude reaction mixture indicated a ratio of {rans-3
to c¢ts-10 of 45:1. Attempts to modify this ring-
closure reaction to attain larger proportions of the cis
isomer failed, as did efforts to photoisomerize the trans
Isomer to cis.’

The trans isomer 3 could be converted into the amide
4 either with anhyd NHj; in ethylene glycol or by use of
n-Buli and liq NH;;* while the n-Buli method af-
forded lower vields than the ethylene glycol method, it

(1) (a) This investigation was supported in part by Grant NS-06100,
National Institute of Neurological Diseases and Stroke. Abstracted in
part from a thesis submitted by P. D. A. in partial fulfillment of the require-
ments for the degree of Doctor of Philosophy, University of Iowa, 1968,
(b} To whom all correspondence should be addressed.

(2) P. D. Amstrong, J. G. Cannon, and J. P. Long, Nature (London), 220,
65 (1968),

(3) C.Y.Chiou, J. P, Long, J. G, Cannon, and P. D. Armstrong, J. Phar-
macol. Exp. Ther., 166, 243 (1969).

(4)y C. H. DePuy, Accounts Chem. Res., 1, 33 (1968).

(5) D. N. Robertson, J. Org. Chem,, 28, 931 (1960).

(6) P. 8. Skell and R. M. Etter, Proc. Chem. Soc., 443 (1961).

(7) G.W, Griffin, J. Covell, R, C, Petterson, R. M. Dodson, and G. Klose,
J. Amer. Chem. Soc., 87, 1410 (1965); D. W. Setser, B. S. Rabinoviteh, and
E. G. Spittler, .J. Chem. Phys., 35, 1840 (1961).

(8) K. W. Yang, J. G. Cannon, and J, G. Rose, Telrahedron Lett., 1791
1970).
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permitted a less tedious, less time-consuming work-up.
Ammonolysis of the cis ester 10 by the ethylene glycol
method (Chart I) gave rise to an amide which could not
be obtained analytically pure. Both the trans amide
4 and its cis isomer 11 underwent the Hofmann hypo-
halite reaction to form the trans and cis primary amines
5and 12. The cis amine 12 did not yield a satisfactory
analysis for all elements, although spectral data sup-
ported its structure. The use of the reaction sequence
in Scheme I as a route to the ecis isomer of structure 9
was concluded to be unpromising and was abandoned.
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Figure 1.—~Absolute coufigurations of muscarinically active
compounds.  Structural representation for (4 )-frans-9 adapted
from Chothia and Pauling.'

The nmr speetrum of the eix primary amine 12 showed
a sharp singlet at § 1.7, which integrated for 2 protons
and was assigned to the NH, group.  The trans isomer
5 showed a sharp singlet at 6 1.4 which integrated for 2
protons and was assigned to the NH, group. The NH,
group of evelopropyvlamine exhibits a sharp singlet at
6 1.83.% The positions of the chemical shifts of the
NH. protons of the cis and trans isomers 12 and 5
support the configurational assignments, sinee intra-
molecular H bonding involving the NH; group, which
may be expeeted to be stronger in the cis isomer than in
the trans, has been reported” to produce a downfield
shift.  Cryvstallographic  studies'™ have proved the
correetness of these assignments of geometry to the
Cls-trang ixomers.

The tetrahvdropyranyl group wasx removed from 6
under mild conditions to afford a quantitative vield of
(£ )-trans-2-dimethylaminocyelopropanol (7) which was
resolved with -tartarie acid. FEach enantiomer of 7
was converted into the final strueture 9.

The (+) cnantiomer of 9, which exhibits powerful
muscarinie effects,® has been shown by X-ray erystal-
lographie analysis to have the 8—8 absolute configura-
tion't (Figure 1).  Models indicate that econformations
are possible in which the train of atoms in (-)-trans-9,
1, C2, C3; N; C4; C5; O1; C6; C7 superimpose
perfeetly upon C1, C2, C3; N; (4; C5; 01; C6; C7
of 1-(4)-muscarine (Figure 1), the muscarinically
active stereoisomer.'? The absolute configuration of
(-+)-frans-9 is the same as that of the corresponding
asvmmetrie center of the muscarinically potent acetyl

(4) N. M, Bhacea, L. F. Johnson, and J. N. 8hoolery, ‘'High Resolution
N MR Rpectra Catalog,” Varian Associates, Palo Alto, Calif., 1962, Spectrum
no. 37.

{10y 1. AL Pople, W. (i, Schneider, and 1. J, Bernstein, " High-Resolution
Nuclear Magnetic Resonance,” MeGraw-Hill Book Co., New York, N. Y..
1959, Chapter 15,

(1) . Chothia and P. Pauling, Nature (Londoa), 226, 541 11670},

(125 P. Waser, Keperientiu, 17, 300 {1961),
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(+)-(8)-g-methylcholine.!*  The conformation  sug-
gested!! for (+)-frans-9 ‘‘relevant to musearinic re-
ceptors” differs from 2 conformation for “receptor-
bound” acetyleholine  proposed by Bellean  und
Puranen.'  Duta are not vet avuilable which would
permit selection one of these conformations over the
other.

Experimental Section

2-(2-Tetrahydropyranyloxy Jethy! chloride (1) was prepared in
<0, vield by the method of Frearson, of ol bp 103-104° (25
mm); #¥n 14528 1169 bp 93° (20 mm); n¥p 1.4380].

2-Vinyloxytetrahydropyran (2).-- A I-l. flask was charged with
500 g (9.1 moles) of KOH, and the <ystem was connected 1o a
source of reduced pressure (H.O aspirator).  The flask was main-
fained at 175-180° while 279 g (1.69 molex) of 1 was added drop-
wize over 2 hr, while maintaining a gentle flow of air through the
apparaius,  After addition wasx complete, stirring was con-
tinved at 170-180° for 1.5 hr, then at 195-200° for 1 hr, and finally
at 215-220° for 0.5 hr. A total of 195 g of colorless liguid dis-
tilled. The residue in the reaction vessel wax taken up in tLO
and was extracted with K0, The extract was added to the
distillate, the combined organic phases were dried (K.COy) and
concentrated at atm pressure, and the residue was distilled
through a column packed with Berl =addles to yield 122.7 g of
a colorless liquid, bp 53-36° (25 mm). The pot residue was
distilled to afford of 37.6 g of starting material 1; yield of 2
based upon amount of 1 recovered), 665, Distillation of 2
through a spinbing band column gave a center fraction: bp
60° (21 mm; n¥%p 1.4413. Anal. (CHpOL C, H.

Ethyl ¢is- and (rans-2-(2-Tetrahydropyranyloxy jcyclopropane-
carboxylate (10 and 3).--Fthyl diazoacetate (185 g, 1.62 moles,
Aldrich Chemical Co.)in 180 g (1.40 moles) of 2 was added drop-
wise Lo a stirred mixtire of 3.5 g of Cu powder (Matheson, Cole-
man, and Bell, purified) and 58 g (0.45 mole) of 2 at 125-130° over
5.5 hr,  After addition was complete, =tirring was continued a
150-160° for 0.5 hr.  The reaction mixiure was cooled to room
temp and was filtered. The combined filtrates from two such
reactions were diziilled through a Vigreux column; the fraction
bp 54-114° (3 mm), amounting to 507 g, was distilled through o
spinning band column.  The fraction bp 73-74° (1 mmj, con-
sisting of the ¢ix izomer 10 was homogeneous by vpe: yield, 9.0
g (1.3C0); n™p 145725 ir dfilm) 1720 em™! (C==0).  .lnal.
(CnHpO. ¢ I

The fraction bp 92-94° (1 mm) consisted of 433 g (6270) of
trans ixomer 31 7% 1.4331; v (film) 1725 em =1 (C==0). A nal.
(CuH 04 G, 11, This material demonstrated a different vpe
retention time than the bp 73-74° fraction, and was homogeneous.

{rans-2-(2-Tetrahydropyranyloxy Jeyclopropanecarboxamide (4).
Method A.——Anhvdrous NH; was passed into a =tirred mixture
of 543 ¢ (2.5 moles) of 3 and 3.8 L. of ethylene glyeol at room temp
for 62 hr. Removal of the NH; and ethylene glycol under re-
duced pressure at o temp not exceeding 75° gave 476 g of a light
vellow-orange solid which was treated with 500 ml of Cylls on
4 steam bath.  The resulting <oln was filtered, to the filirate wax
added 2.5 1. of anhyd Et,0, which rexulted in separation of a
light vellow orange cerystalline solid which was collected on
filter.  Dilution of the filtrate with 500 ml of heptane cansed a
light vellow oil 1o separate, which was dizcarded. The organie
soln, upon standing overnight, deposited crystals which were
collected on a filter.  This filtrate was again dild with 500 ml of
heptane; the oil which sepd wa= removed; and the organic layer
deposited an additional erop of cryvstals upon standing; total
vield, 258 ¢ (537 ). Thix material wax sufficiently pure for

(130 AL H. Beckett, A, N Y. Acud. Ser, 144, 675 (1967).

(14) B. Belleau and J. Puranen, /. Med. Chem.. 6, 325 (1963).

(15) Melting points were determined in open capillaries on w Thomus-
Hoover Uni-Melt apparatus and are corrected. Doiling points are un
corrected. It spectra were recorded on Beckman IR5-A and IR-10 instrua-
ments, and nmr spectra on a Varian Associates A-60 instrument (Meadi.
Optical rotations were determined on a Zeiss circular scale polarimetcr.
(ias chromatograms were ohtained using an F & M Model 500 instrument
with a Model 1604 fame jonization detector, using He as the carrier. Where
analyses are indicated ony by symbols of the elements, the analyvtical resulrs
for 1liose elements were within 0,47 of the theoretical value.

16 PN Frearsor, D, G Hardy, and oS0 Rrern, J Chem, Soc. 2108
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subsequent steps. A small portion of it was recryst repeatedly
from EtOAc: mp 92.5-93.5°; ir (KBr) 1620 (“amide II"),
1655 (“amide I'"), 3190 (NH,), and 3360 cm~! (NH,). Anal.
(C¢H1;:NO3) C, H, N.

Method B.—To a stirred mixture of 75 ml of liquid NH; and
25 ml of purified THF was added in a slow stream 0.1 mole of
n-Buli in hexane (Alpha Inorganics, Inc.); a copious white ppt
formed. Compound 3 (20.8 g 0.097 mole) in an equal vol of
THF was added dropwise with stirring; the white ppt dissolved.
After stirring 4 hr, the excess NH; was removed at room temp,
the reaction mixture was poured into an ice-H:0 slush, and the
resulting soln was extracted repeatedly with Et;0. Evaporation
of the Et,0 left a light vellow gum which was chromatographed
in C¢Hs on neutral alumina and eluted with Et.O-MeOH (9:1).
The =olid material from the eluate was recryst from EtOAc to
vield 4.6 g (269;) of white crystals: mp 118-120°; ir (CHCl;)
of the product of method B was superimposable upon a similar
spectrum of the product of method A.

cis=2-(2-Tetrahydropyranyloxy )cyclopropanecarboxamide (11).
—Method A, described for the trans isomer 4, was employed,
using 10.8 g (0.05 mole) of 10 and 900 ml of ethylene glycol.
Removal of the ethylene glycol from the reaction mixture left a
vellow solid residue which was treated with 275 ml of EtOAc on
a steam bath. On filtration and cooling overnight, this soln
deposited 5.7 g of colorless crystals, the mother liquor yielded
additional crystals; total yield, 6.8 g (729;). Repeated suc-
cessive recrystallizations from EtOAe, CsHs and Me,CO and
column chromatography on silica gel afforded colorless erystals:
mp 180-181°; ir (KBr) 1615 (“amide II'"), 1660 (“‘amide 1),
3185 (NH,), and 3350 cm~! (NH,). Anal. (CoH;5NO;) C, H; N:
caled, 7.56; found, 8.07.

trans=2-(2-Tetrahydropyranyloxy )cyclopropylamine (5).—A
mixture of 250 g (1.35 moles) of 4 and a soln of 101 g (1.4 moles)
of Cl; and 285 g (7.1 moles) of NaOH in 3.24 L. of H.O was stirred
at room temp for 0.5 hr, then at 50-60° for 19 hr. The reaction
mixture was saturated with K,CO; and extracted several times
with Et:0. An orange—yellow liquid which separated from the
Et;0 extracts was removed, and the Et;O phase was dried
(K2COs3) and concentrated under reduced pressure. The residual
liquid was distilled through a Vigreux column, bp 69-72° (0.8
mm), to yield 140 g (679%) of a colorless liquid. For charac-
terization, a small portion of this material was distilled through a
spinning band column, bp 67° (1.3 mm). Gle indicated that this
distillate was homogeneous: n%p 1.4698; ir (film) 3300 (NH,)
and 3375 em~! (NH); nmr (CCls) 6 1.4 (s, 2H).

A phenylthiourea derivative was recrystd repeatedly from
EtOH, mp 160-161°. Anal (ClstoNzOQS) C, H, N, S.

c1s=2-(2-Tetrahydropyranyloxy Jeyclopropylamine (12).—A soln
of 2.3 g (0.03 mole) of Cl,, 6.3 g (0.16 mole) of NaOH, and 4.5 g
(0.02 mole) of 11 in 58 ml of H,O was stirred at room temp for
0.5 hr, then at 60-65° for 21 hr. The reaction mixture was
saturated with K.CO; and extracted repeatedly with Et,O, the
combined extracts were dried (Na,SQs;) and filtered, and the
Et:0 was removed. The light yellow residue was distilled:
bp 58-59° (4.2 mm); yield, 2.8 g (73%) of a colorless liquid;
2% 1.4779; ir (Alm) 3300 (NH,) and 8370 em~! (NH,); nmr
(CCLy) 6 1.7 (s, 2H). Anal. (CsH;:NOy) H, N; C: caled, 61.12;
found, 63.45.

A phenylthiourea derivative was recrystd from anhyd EtOH,
mp 167.5-168°.  Anal. (CisHxN:0-8) C, H; N: caled, 9.58;
found, 10.82; 8, caled, 10.97; found, 12.85.

A benzamide derivative was recryst repeatedly from CeHe,
mp 162-163°. Anal. (C;;Hiy)INO;) H; C: caled, 68.94; found,
71.18.

trans-2-(2-Tetrahydropyranyloxy Jeyclopropyldimethylamine
(6).—A mixture of 190 ml of anhyd MeOH, 31.8 g of anhyd Na,-
COs, and 19.1 g (0.12 mole) of 5 was stirred under reflux for 10
min, then 45.2 g (0.24 mole) of methyl p-toluenesulfonate in 190
ml of anhyd MeOH was added dropwise with stirring over 21
hr. After addition was complete, stirring and refluxing were
continued for 7.25 hr, the reaction mixture was allowed to cool
to room temp and was filtered. The solid which collected on the
filter was washed with 3 portions of anhyd Et.0O; the washings
were added to the filtrate, which caused sepn of additional solid
which was removed by filtration. The combined filtrate and
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Et;0 washings were concentrated under reduced pressure to give
a light yellow liquid which was distd through a Vigreux column:
bp 54-61° (0.6 mm); yield, 7.0 g (319). A Mel salt of this
product was recryst from Me;CO-EtOAc, mp 133.0-134.5° dec,
when introduced into the melting point bath at 128°. Anal.
(CuH2INO,) C, H, 1.

(x)-trans-2-Dimethylaminocyelopropaneol (7).—A soln of 19.5
g (0.105 mole) of 6 in 230 ml of 39, HCl was stirred at room temp
for 9 hr. The reaction mixture was washed several times with
Et:0, then was satd with KsCO; while immersed in an ice bath.
The resulting mixture was extracted repeatedly with Et;(), the
combined extracts were dried (Na.804), and the solvent was re-
moved under reduced pressure to leave a light yellow liquid which
was distd through a “short path” apparatus, bp 58-60° (3 mm).
This distillate was redistd through a Vigreux column, collecting
the fraction at bp 54° (2 mm): yield, 10.4 g (98%,); n¥p 1.4428.

A bifumarate salt of 7 was recrystd twice from EtOAc, mp
114-117.5°. Anal. (CsH;;NO;) C, H, N.

Resolution of (== )-irans-2-Dimethylaminocyclopropanol (7).—
To 14.7 g (0.1 mole) of [-tartaric acid in 1.18 1. of anhyd EtOH
and 1.78 1. of EtOAc was added 9.9 g (0.1 mole) of (£)-7 in 600
m] of anhyd EtOH. After cooling for 36 hr, the crystals which
separated were collected on a filter, the mother liquor was re-
served as solution A. The crystals were recrystd 4 times from
EtOH-EtOAe, then once from MeCN-i-PrOH, mp 170-171°
dee. Anal. (CsH1NO7) C, H, N. A soln of this material (2.1 g)
in 25 ml of HyO was saturated with KsCO; and was extracted
repeatedly with Et;0. The combined extracts were dried (Nas-
S0y) and concentrated under reduced pressure, and the residual
liquid was distd through a “short path” apparatus: bp 54-55°
(3.0mm); yield, 0.6 g [«]%Dp —70.1° (¢ 3.9, H:0). Anirspectrum
of this material (film) was superimposable upon one of (£)—7.

Solution A was concentrated under reduced pressure to 1.1 1.
Anhyd EtOH (350 ml) and 100 ml of EtOAc were added and the
resulting soln was permitted to stand at room temp for 1 day,
resulting in separation of crystals. Additional crops of crystals
were obtained by successive additions to the filtrate of 100-ml
portions of EtOAec. The combined crops were recryst from MeCN
and from anhyd EtOH, mp 123-124° dec. Anal. (CiHiNOy)
C, H, N. The free base was liberated as described for the (—)
isomer: bp 53° (2.4 mm); yield, 0.6 g; («)®D +59.2° (¢ 3.8,
H,0). An ir spectrum (film) of this material was superimposable
upon one of (£)-7.

(= )=trans=-2-Trimethylammoniumcyclopropanol Iodide (8).—
A soln of 0.5 g (0.005 mole) of (—)-7 and 2.0 g (0.014 mole) of
Mel in 15 ml of anhyd MeOH was stirred at room temp for 40
min and at reflux for 20 min. The solid which separated was
collected on a filter, diln of the filtrate with EtOAc¢ and Et.0
resulted in separation of additional solid. The combined solids
were recrystd from anhyd MeOH to give 0.6 g (549) of crystals:
mp 250-253° dec; [«]®D —13.5° (¢ 2.1, H,0). Anal. (CéHINO)
C, H, I, N.

(4 )=trans=2-Trimethylammoniumecyclopropanol Iodide (8).—
Using the procedure described for (—)-8, 0.4 g (0.004 mole) of
(4+)-7 yielded a solid which was recryst from anhyd MeOH to
afford 0.5 g (519;) of crystals: mp 254-255° dec; [a]®D +14.2°
(¢ 1.9, H:0). Anal. (CsHINO) C, H, I, N.

(— )~trans-2-Acetoxycyclopropyltrimethylammonium Iodide (9).
—A mixture of 0.564 g (0.002 mole) of (—)-8 and 6.0 g (0.06
mole) of Ac,O was stirred on a steam bath for 13 hr. The cooled
reaction mixture was diluted with 400 ml of anhyd Et,0, the
solid which sepd was collected on a filter, washed with anhyd
Et.0, and recrystd repeatedly from EtOAc-MeOH to yield 0.25
g (43%) of a light tan solid: mp 173-175.5°; [a]®¥D —89°
(¢ 1.01 H:0). Anal. (CHisINO:) C, H, I, N.

(+ )-trans-2-Acetoxycyclopropyltrimethylammonium Iodide (9).
—The procedure described for (—)-9 was carried out on 0.495 g
(0.002 mole) of (+ )-8, to yield 0.196 g (349 ) of an almost color-
less solid: mp 172-174°; [a]®Dp 493.2° (¢ 1.13, H:0). Anal.
(CsHisINO:) C, H, I, N.

Acknowledgment.—We thank Dr. Peter Pauling for
his interest in this research and for determining the
absolute configurations of the final compounds.
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