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Table V. Populations of the Trans Conformer (Mole 
Fraction, n{) of Histamine and 4-Methylhistamine 
Monocations by Different Procedures 

Procedure 

NMR 
EHT bv internal 

energy dif
ference 

EHT by 1'ree-
energy dif -
ference 

nt (his
tamine) 

0.45 
0.55 

0.62 

u, (4-
methylhis-

tamine) 

0.45 
0.75 

0.67 

5 
3 

1. 

Ref 

this work 

The only test we have is in comparing the predicted trans/ 
gauche conformer ratios with the values found experimen
tally by NMR.5 The respective populations of trans confor
mer monocations at 37°, predicted by EHT, were previous
ly given3 as 0.55 (histamine) and 0.75 (4-methylhistamine), 
whereas the value by NMR was the same for either, viz. 
0.45 (Table V). Correspondence in the absolute values be
tween EHT prediction and experiment must be regarded as 
fortuitous especially as the calculations are on isolated mol
ecules, whereas the experiments refer to aqueous solution. 
What does matter is whether the two methods agree over 
the differences between molecules; however, as the preced
ing values show, there is some disagreement since the rela
tive stability of the trans conformer was predicted to be 
greater for 4-methylhistamine than for histamine (by ~0.5 
kcal mol - 1) but this was not reflected in the NMR results. 
The relative populations were predicted, however, on the 
assumption that the internal potential energy differences 
between the stable conformations could be equated to the 
free-energy difference. We have since shown how to refine 
the predictions, by allowing for the entropy content of the 
potential energy surface, and that for the histamine mono-
cation this results in a modest increase in the predicted 

trans conformer population1 (from n t = 0.55-0.62). Similar 
refinement for 4-methylhistamine, integrating the surface 
of Figure 4b around each energy minimum up to a limit of 
2kT, results in a decrease in the predicted trans conformer 
population (from n t = 0.75-0.67). Thus, taking account of 
the shape of the energy surface substantially reduces the 
extent of disagreement between the respective predictions 
for the two molecules (the relative stabilities now differ by 
only ~0.1 kcal mol - 1) , in line with the experimental results. 
To this extent the EHT predictions are consistent. Further 
support for the EHT calculations comes from the agree
ment between calculated barriers to internal rotation de
rived from EHT and ab initio molecular orbital calcula
tions. l a 

This approach appears likely to have general applicabili
ty. In principle, one may compare the conformational prop
erties of a reference material with those of suitable conge
ners (which need not necessarily be methyl derivatives); 
differences in conformational accessibility may then be re
lated to biological differences between the molecules. The 
appearance of a self-consistency within a series would per
mit one to define conformations "essential" to particular 
biological activities. 
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A series of quinuclidylidene derivatives of tricyclic compounds was prepared and examined for their pharmacodyn
amic effects. In general, the compounds showed primarily an antihistaminic effect. 

Previous reports from these1 and other laboratories2 

have described the pharmacodynamic effects of compounds 
containing a tricyclic moiety attached via an exocyclic dou
ble bond to an N-alkylated piperidine ring as shown in 1. 
These compounds have shown potent antihistaminic, anti
depressant, and anticholinergic as well as antiserotonin 
properties in laboratory animals and in man. It was of in
terest to modify the structure of 1 and replace the N-alk
ylated piperidine ring by a 3-quinuclidyl system as shown 
in 2, especially since several naturally occurring alkaloids 
and other synthetic quinuclidyl derivatives have shown po
tent pharmacological activity.3 

The tertiary carbinols 3 and 4 listed in Table I, required 
for the dehydration to 2 (Table II), were prepared by the 

X = CU £R, CH=CH, O, S. etc. 

A | = phenyl, pyridyl, thienyl. etc. 
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Table I 

R' R" 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

AJ 

QC 

a 
tx 
u 
ex 
@£ 
Qc 
a 
a 

X 

CH2CH2 

C H = C H 

O 

0 

0 

0 

0 

s 

e 

R' 

OH 

OH 

OH 

OH 

OH 

OH 

H 

H 

H 

Q6 

Q 

Q 

Q 

Q 

Q 

3 -

3 -

3 -

R " 

OH-Q" 

OH-Q 

OH-Q 

Method 

2 

2 

2 

Mp, °C 

157-159 

232-233 

260-262 

235-236 

238-241 

162-165 

209-210 

161-163 

188-189 

Rxn solvent 

CH3CN 

E t O H - H 2 0 

EtOH 

CH3CN 

CH3CN 

CH3CN 

?'-PrOAc 

C 6 H 6 

EtOAc 

Yield, % 

52 

34 

49 

66 

33 

52 

89 

54 

36 

F o r m u l a 0 

C2 1H2 4N20 

C22H23NO 

C 1 9 H 2 0 N 2 O 2 -0 .5H 2 O c 

C ^ 9 H 2 Q N 2 0 2 • H 2 0 

C 1 9 H 2 0 N 2 O 2 

Ci9H20N2O2 

C20H21NO2 

C20H21NOS 

C20H21NO 

"All compounds were analyzed for C, H, and N. 6Q is 3-quinuclidyl. 'Compound isolated as hemihydrate; converted to HCl salt, mp 
309-310°, from EtOH. Anal. Calcd for Ci9H2oN202-2HCl; C, 59.89; H, 5.81; N, 7.34. Found: C, 59.69; H, 5.83; N, 7.37. d3-OH-Q is 3-hy-
droxy-3-quinuclidyl. eThis is a fluorene derivative. 

methods shown in Scheme I. The sodium in NH3 reductive 
alkylation of the tricyclic ketones using 3-chloroquinucli-

Scheme I 

dine (method 1) gave carbinols 3. Reaction of the lithid de
rivatives of 4a with 3-quinuclidinone (method 2) resulted 
in the formation of carbinols 4. The conversion of 3 to the 
desired ylidene derivatives proceeded uneventfully in acid
ic media (p-TSA in Ac20 or with PPA). 

Reaction of 4 (X = O) with SOCI2 followed by base re
sulted in the isolation of the endocyclic structure 5a, al
though in poor yield. However, if the dehydration of 4 (X = 
O) was carried out with SOCI2 in pyridine, the exocyclic 
structure 5b was obtained. The structures of 5a and 5b 
were confirmed by a comparison of their NMR spectra. 
The xanthydryl proton (8 4.85) and the vinyl proton (6 
6.55) in the NMR spectrum of 5a were absent in the NMR 
spectrum of 5b. 

Additional support for structure 5b was obtained by an 
unequivocal synthesis. Xanthydryl bromide 6a4 on treat
ment with triethyl phosphite was converted to the diethyl-
phosphonate derivative 6b, which on reaction with 3-
quinuclidinone gave 5b directly. 

In addition to the compounds listed in Table II, the non-
bridged compound 7 was prepared for biological compari
son. 

0=P(OEt)2 

6b 

Biological Results. The compounds were administered 
orally (30 mg/kg) to five fasted guinea pigs 1 hr before ex
posure to an aerosol of a 0.1% solution of histamine dihy-
drochloride. If the test compound delayed the onset of 
dyspnea for 400-600 sec, it was assayed to determine the 
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Table II 

No. X 

10 CH,CH, 

Method Mp. °C 

139-141 

Rxn solvent Yield. r,_ 

/ - P r . , 0 65 

Villani, Mann, Wefer 

F o r m u l a 

C„H.,,N., 

11 

12 

12 HC1 

13 

C H = C H 

O 

324-325 

195-196 

312-314 

232-234 

EtOH 

/ - P r , 0 

EtOH 

CH.CN 

58 

37 

66 

C, ,H, ,N-HC1 

C 1 : iHU ;N 20-HCl 

C,,H,;N..O 

14 

15 
•TrS 

O 

o 

218-219 

140-143 

CH.CN 

CH.CN 

63 

57 

C, ,H,,N,0 

C,,H,„N.,0 

16 

16 HC1 

17 

17 HC1 

18 

18 HC1 

O 196-197 

262-263 

151-152 

335-338 

184-186 

316-318 

C,,H.—hexane 

/ - P r O H 

Hexane 

EtOH 

/ - P r O Ac 

EtOH 

50 

60 

47 

C,„H1;(NO 

C, ( )H,,NO-HCl 

C;„H,:,NS 

C,,:,H1;,NS-HC1 

Co„H,,N 

ED200 or t h a t dose which would p reven t the onset of dysp
nea for 200 sec in 50% of 40 tes t animals . T h e mos t active 
compound in th is series (Table II, No. 10) h a d an ED200 
value of 620 Mg/kg. Other active compounds , 11, 15, and 17, 
had ED200 values of 2.1, 4.03, and 3.93 mg/kg, respectively. 
All o ther compounds had only modera t e to slight activity 
in prolonging the onset of dyspnea a t t he screening dose. 

C o m p o u n d 10 did not effect a relaxat ion of the isolated 
anaphylac t ic guinea pig lung indicat ing t h a t th is compound 
is act ing only th rough an an t ih i s tamin ic mechanism. 

In general , the in t roduct ion of a quinucl idyl idene moiety 
into these tricyclic systems leads to compounds having 
greater toxicity t h a n the i r corresponding piper idyl idene 
analogs. 

E x p e r i m e n t a l S e c t i o n 

All melting points were taken on a Thomas-Hoover melting 
point apparatus and are uncorrected. NMR spectra were obtained 
in DMSO-de on a Varian A-60A spectrometer using TMS as inter
nal reference. Ir spectra were obtained on a Perkin-Elmer Model 
137 spectrometer in Nujol mulls. Microanalyses were performed by 
the Physical Analytical Department of the Schering Corp. and the 
results, unless otherwise noted, were within 0.4% of the theoretical 
values. 

Diphenyl-3-quinuclidylcarbinol. Method 1. Sodium metal 
(5.0 g, 0.2 g-atom + 10%) was added in several small portions to 
300-400 ml of anhydrous liquid NH3. After 10-15 min a solution of 
18.2 g (0.1 mol) of benzophenone in 50 ml of anhydrous THF was 
added dropwise and the mixture was stirred for 20-30 min. A solu
tion of 14.5 g of 3-chloroquinuclidine [bp 105-107° (30 mm)] in 25 
ml of THF was added and stirring was continued for 2 hr. NH4CI 
(20 g) was added, the NH3 was allowed to evaporate, and water 
(200 ml) was cautiously added and then 200 ml of Et20. The crude 
crystalline product was filtered, washed with ether, and recrystal-

lized from MeOH: mp 233-235° (lit.5 mp 239°); yield 22 g (72%). 
Anal. (C20H23NO) C, H, N. 

Alternatively, if the ketone to be alkylated was insoluble in 
THF, it could be added as a THF suspension or could be added to 
the liquid NH3 without any solvent. In many cases after decompo
sition (NH4CI and H2O), the product was extracted (CHCI3) and 
washed, the solvent was removed, and the residue was triturated 
with petroleum ether (bp 60-90°) or with hexane. 

5-(3-Quinuclidylidene)-2-methoxyxanthene. Using method 
1, this compound was obtained directly from 20.1 g (0.09 mol) of 
2-methoxy-5-xanthone: yield 9.9 g (33%); mp 149-150° from 
CH3CN; uv Xmax 250 mu U 12.500), 315 (10.000). Anal. 
(C21H21NO2) C, H, N. 

5-(3-Hydroxy-3-quinuclidyl)xanthene. Method 2. A solution 
of n-butyllithium was prepared at —10° from 10.5 g of lithium (1.5 
g-atoms) and 102.8 g (0.75 mol) of n-butyl bromide in approxi
mately 500 ml of Et20. To this reagent at -10° , a solution of 91 g 
(0.5 mol) of xanthene in 400 ml of dry THF was added dropwise. 
followed after 1 hr by a solution of 63 g (0.5 mol) of 3-quinuclidone 
in 200 ml of THF. The mixture was allowed to warm to room tem
perature and stirred overnight, decomposed with H9O, extracted 
(CHCI3), and washed and the solvent was removed. The residue 
was processed as shown in Table I. 

Benzhydrylidene-3-quinuclidine (7). Method 3. A solution of 
7.2 g (0.025 mol) of carbinol, 7 g of p-TSA, and 150 ml of AC2O was 
heated on the steam bath for 5 hr and the excess solvent removed 
in vacuo. The residue was suspended in H2O, basified (NH4OH), 
extracted (CHCI3), and washed, the solvent was removed, and the 
residue was recrvstallized from hexane: yield 5 g (83%); mp 1.39-
140°; uv Xmax 253" mM (« 14,000). Anal. (C20H21N) C, H, N. 

Dehydration Method 4. The carbinol from Table I was heated 
with stirring at 140-145° for 16 hr with 40 times its weight of PPA. 
The warm mixture was poured into ice, basified with NaOH. ex
tracted (CHCI3), and washed, the solvent was removed, and the 
residue was recrystallized. 

Dehydration Method 5. To a solution of 18.4 g (0.06 mol) of 
carbinol 7 (Table I) in 200 ml of dry pyridine was added dropwise 
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with cooling (0-5°) and stirring a solution of 5 ml of thionyl chlo
ride in 10 ml of pyridine. After 1 hr the mixture was heated under 
reflux for 2 hr and cooled to room temperature, 50 ml of 50% 
NaOH was added, and the heating was continued for an additional 
hour. The mixture was poured into H2O, extracted (Et20), and 
washed, the solvent was removed, and the residue was recrystal-
lized several times. 

3-(5-Xanthyl)-2,3-dehydroquinuclidine (5a). A mixture of 9.3 
g (0.03 mol) of carbinol 7 (Table I) and 50 ml of thionyl chloride 
was heated on the steam bath for 2 hr and the excess solvent re
moved in vacuo. The residue was dissolved in H2O, 50 ml of 25% 
NaOH solution was added, and the mixture was heated at 80° for 1 
hr. After cooling, the product was extracted (Et20) and washed 
and Et20 was removed. The residue was recrystallized from i-
Pr 2 0: yield 1.5 g (17%); mp 117-119°. Anal. (C20H19NO) C, H, N. 

Al ternate Synthesis of 5b. To 5.3 g (0.02 mol) of 5-bromoxan-
thene5 was added 3.6 g of triethyl phosphite. There was an imme
diate reaction which was moderated by cooling. The mixture was 
allowed to stand overnight at room temperature and then heated 
under reflux for 1 hr, and the low-boiling materials were removed 
in vacuo on a steam bath. To the light yellow viscous residue, 6 ml 
of DMF and 1.5 g of NaOMe were added, followed by the dropwise 
addition of a solution of 2.6 g of 3-quinuclidinone in 15 ml of DMF. 
The mixture was stirred at room temperature for 2 hr and poured 
into H2O and the product was filtered and recrystallized from ben-
zene-hexane: yield 2.4 g (49%); mp 196-197°. 

Dur ing recent years spin-labeled drug molecules have 
played an increasingly i m p o r t a n t role in s tudies of t he in
te rac t ion of drugs with their cellular t a rge t s or " r ecep to r " 
macromolecules . 1^ 5 Spin- labeled drugs have also been used 
to de t e rmine t he levels of morph ine , ba rb i tu ra t e s , sulfon
amides , and o ther drugs in biological fluids.6 , 7 T h e mos t 
commonly employed spin labels utilize t he n i t roxide group, 
since this free radical is very s table in aqueous solut ions a t 
physiological p H values. In an earlier paper , 8 we descr ibed 
procedures for synthesizing spin- labeled analogs of sulfon
amides , acetylcholine, a n d barb i tur ic acid. We now repor t 
t h e synthesis of spin- labeled analogs of (a) the v i tamin bio
t in ( IV-VII ) for s tudies of egg white avidin, (b) decame tho-

t Visiting Fellow in Pulmonary Branch, NHLI, NIH, Bethesda, Md. 
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n i u m and h e x a m e t h o n i u m ( X I I I - X I X ) as potent ia l probes 
for acetylcholinesterase and the acetylcholine receptor , (c) 
t he /3-adrenergic blocking drugs propranolol (XXII) and di
chlor isoproterenol (XXI) for s tudies of the (^-receptor and 
its in ter re la t ionship with m e m b r a n e - b o u n d adenylyl cy
clase, and (d) the an t imalar ia l drug p r imaqu ine (XXII I ) for 
b inding s tudies with nucleic acids. 

T h e synthesis of t he biot in analogs IV-VI I was achieved 
by condensing the corresponding spin- labeled amines , p re 
pa red by previously repor ted methods , with biotin in the 
presence of iV-ethoxycarbonyl-2-e thoxy- l ,2-dihydroquino-
line (EEDQ) . For example , V was p repared by the conden
sat ion of biotin with amine II. We were unable to p repare 
biotinylglycine using ei ther the biotinyl acid chloride tech
n ique descr ibed by Woll and coworkers9 or the mixed an-
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Spin-labeled analogs of biotin (vitamin H), hexamethonium, decamethonium, dichlorisoproterenol, propranolol, and 
primaquine containing the nitroxide free radical have been synthesized and tested for biological activity. The four 
spin-labeled analogs of biotin, 4-biotinamido-2,2,6,6-tetramethyl-l-piperidinyloxy (IV), 3-biotinamido-2,2,5,5-tetra-
methyl-1-pyrrolidinyloxy (V), 3-biotinamidomethyl-2,2,5,5-tetramethyl-l-pyrrolidinyloxy (VI), and 4-(biotinylgly-
eyl)amino-2,2,6,6-tetramethyl-l-piperidinyloxy (VII), all interacted with avidin, a specific biotin binding protein 
found in raw egg white, at the same sites as did biotin itself. An unsymmetrical decamethonium spin label (XVIII) in 
which one of the quaternary methyl groups had been replaced by the 4-(2,2,6,6-tetramethyl-l-piperidinyloxy) moiety 
was 13 times more potent as an inhibitor of Torpedo californica acetylcholinesterase than the parent drug. The sym
metrical decamethonium (XVI) and hexamethonium (XIV) spin labels were 18 and 1.8 times as active as decametho
nium in the same assay system. The substitution of the 4-(2,2,6,6-tetramethyl-l-piperidinyloxy) group for the isopro-
pyl groups of /3-adrenergic blocking drugs dichlorisoproterenol and propranolol, to give spin labels XXI and XXII, 
caused a 45 and 54% reduction, respectively, in the ability of these compounds to inhibit the isoproterenol-stimulated 
activity of rat fat cell membranes. Finally, modification of primaquine by the introduction of the 4-(2,2,6,6-tetra-
methyl-1-piperidinyloxy) substituent into the amino group of the butyl side chain completely abolished the ability of 
the drug to bind to nucleic acids. These results suggest that the incorporation of the nitroxide group into drug mole
cules may be a useful approach to the synthesis of more specific spin labels for biological systems, such as egg white 
avidin, acetylcholinesterase, and the /3-adrenergic receptor. 


