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0 OC for 10 min. The reaction vessel was sealed and heated at 
110-120 O C .  After 3 h, the heat was removed and after cooling 
the product was collected by filtration. The solid was rinsed with 
MeOH to yield after drying 100 mg (75%) of the desired material 
as an orange solid mp 221-223 "C. IR (KBr): 3424,1626,1560, 
1447,1306,1244,1152,1105,729 cm-'. 'H NMR (DMSO-d8) 6 
(ppm): 2.71 (a, 3 H), 3.03 (d, 3 H, J = 3.78 Hz), 4.38 (s,2 H), 6.79 
(d, 1 H, J = 7.54 Hz), 6.88 (d, 1 H, J = 7.48 Hz), 7.54-7.71 (m, 
6 H), 7.93-7.99 (m, 6 H), 8.15 (m, 1 H). 
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A series of 4-substituted 2-alkoxytatrahydrofuran derivatives featuring an acetal group were prepared and evaluated 
for PAF antagonist activity in the PAF-induced in vitro platelebaggregation and in vivo hypotension tests. Compound 
2- [ [N-acetyl-N- [ [ [ 2-(octadecyloxy)tetrahydrofuran-4yl] methoxy] carbonyl] amino] methyl] - 1-ethylpyridinium chloride 
(48, UR-11353) was selected for further development on the basis of ita high activity and long-lasting action. The 
compound maintained a significant activity even 24 h after administration of a single dose of 1 mg/kg iv in the 
PAF-induced mortality test in mice and 10 h after administration of the same dose in the PAF-induced hypotension 
test in rata. Comparison with previously reported carba analogues suggests that the presence of the acetal group 
is the structural characteristic that confers ita long-lasting activity. 

Introduction 
Platelet activating factor (PAF), an endogenous ether- 

linked phospholipid identified as 1-0-hexadecyl and 1-0- 
octadecyl-2-acetyl-sn-glyceryl-3-phosphocholine1 has been 
receiving increasing attention as a potential mediator of 
several pathological conditions such as asthma, inflam- 
mation, anaphylactic shock, gastric ulceration, and 
transplant rejection.2 Shortly after PAF's biological ac- 
tions were described, a wide variety of compounds exhib- 
iting potent PAF antagonist activity were discovered. 

We have recently reported a new series of disubstituted 
tetrahydrofuran and dioxolane derivatives of formula la-e 
as specific PAF antagonists (Figure l).3 We determined 
the influence of ring pattern on anti-PAF activity and 
studied the role of the nature of the lipophilic substituent 
R1. The inhibitory effect of several of these compounds 
in the PAF-induced rabbit platelet aggregation test was 
higher than that of the structurally related compound 
2-[ [N-acetyl-N-[ [2-methoxy-3-[ (octadecylcarbamoy1)- 
oxy] propoxy ] carbonyl] amino] methyl] - 1 -ethylpyridinium 
chloride (CV-6209, 2).4 

In connection with our research on the role of the central 
framework, we have recently described a new series of 

'Department of Chemistry. 
Department of Pharmacology. 

linear PAF antagonists of general formula 3 as simplified 
models of la-e  derivative^.^ These compounds feature 

(1) (a) Demopoulos, C. A.; Pinckard, N. R.; Hanahan, D. J. Pla- 
telet-activating factor. Evidence for l-0-alkyl-sn-glycero1-3- 
phosphocholine as the active component (a new class of lipid 
chemical mediators). J.  Biol. Chem. 1979,254,9355-9358. (b) 
Benveniste, J.; Tence, M.; Varenne, P.; Bidault, J.; Boullet, C.; 
Polonsky, J. C. Semisynthgse et structure propose6 du facteur 
activant les plaquettes (P. A. F.): PAF-acether, un alkyl ether 
analogue de la lysophosphatidylcholine. R. Acad. Sci. Paris 

(2) Hosford, D.; Braquet, P. Antagonists of Platelet-Activating 
Factor: Chemistry, Pharmacology and Clinical Applications. 
In Progress in Medicinal Chemistry; Ellis, G. P., West, G. B., 
Eds.; Elsevier Science Publisher: Amsterdam, 1990, Vol. 27, 
pp 325;380. 

(3) Bartroli, J.; Carceller, E.; Merlos, M.; Gar&-Manell, J.; Forn, 
J. 1,3 Disubstituted Tetrahydrofurans and Dioxolanes as 
PAF-Antagonists. J. Med. Chem. 1991,34,373-386. 

(4) (a) Terashita, Z-i.; Imura, Y.; Takatani, M.; Tsushima, S.; 
Nishikawa, K. CV-6209, a Highly Potent Antagonist of Platelet 
Activating Factor in Vitro and in Vivo. J. Pharmacol. Exp. 
"her. 1987, 242, 263-268. (b) Takatani, M.; Yoshioka, Y.; 
Tasaka, A.; Terashita, Z.4.; Imura, Y.; Nishikawa, K.; Tsu- 
shima, S. Platelet Activating Factor Antagonists: Synthesis 
and Structure-Activity Studies of Novel PAF Analogues 
Modified in the Phosphorylcholine Moiety. J. Med. Chem. 
1989, 32, 56-64. 
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"(a) Pyridinium 10-camphoreulfonate, CH2C12, room temperature, 18 h; (b) CIC02Ph, py, CH2C12, 0 OC, 2 h; (c) Dowex HCR-S H+, 
THF-H20, reflux, 12 h, then MsC1, TEA, THF, -30 to 50 "C, ROH, 18 h, room temperature; (d) ROH, p-TeOH, toluene, 40 "C; (e) ROH, 
BFpEkO, CH2Clz, 0-4 OC, 18 h; (f) 2-picolylamine, CH3CN, reflux, 18 h; (g) AcC1, TEA, CH2Clz, room temperature, 48 h; (h) EtI, CHSCN, 
IO O C ,  24 h. 

( 5 )  Bartroli, J.; Carceller, E.; Merlos, M.; Gird, M.; Garcia-Rafa- 
nell, J.; Forn, J. Design of Potent Linear PAF Antagonists. J.  
Med. Chem. 1991,34,332&3334. 

tions of our previously reported structures, we identified 
4-substituted 2-alkoxytetrahydrofan derivatives 4 as the 
most promising long-lasting compounds? 

l a :  X=O Y=Z=CH, 
l b :  Y=O X=Z=CHz 
IC: Z d  X=Y=CH, 
I d :  X=Y=O X H ,  
l e :  X=Z=O Y=CH, 

2 
Figure 1. 

a straightforward synthesis and are devoid of asymmetric 
centers. 

3 (X=O,S) 

High potency and long-lasting activity are both desirable 
in therapeutics. Thus, having achieved high levels of ac- 
tivity with compounds la- and 3, we focused our efforts 
on improving their duration of action in vivo. As a result 
of preliminary screening of different structural modifica- 

4 

In the present report, we describe the synthesis and PAF 
antagonist activities of the above compounds assessed by 
their ability to inhibit in vitro PAF-induced rabbit platelet 
aggregation and in vivo PAF-induced hypotension in rats. 
Furthermore, we compare the duration of effect of some 
selected compounds to that of the carba analogues 1. The 
comparison is extended to 2, a compound that shares the 
acyl carbamate substituent and is one of the most long- 
lasting charged PAF' antag0ni~t.s.~ The duration of action 
has been measured by the PAF-induced mortality test in 
mice and the PAF-induced hypotension test in rata. 

The pharmacological tests have been carried out on the 
final products as cis-trans diastereomeric mixtures. 
However, in order to evaluate the effect of stereochemistry 
on the pharmacological activity, we have independently 
synthesized the cis and trans forms of a representative 
compound, 4d. 
Chemistry 

The synthesis of acetals 4a-n was accomplished as il- 
lustrated in Scheme I. The starting material, 2-(hy- 
droxymethyl)-4,4-dimethoxybutan-l-ol, 5,' was cyclized to 

(6) Carceller, E.; Bartroll, J.; Merloa, M.; Garda-Manell, J.; Forn, 
J. 4-Substituted 2-Alkoxytetrahydrofurans as PAF Antago- 
nists. XIth International Sympium on Medicinal Chemistry, 
Jerusalem, Israel, Sept. 1990. 
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alcohol 6 upon treatment with excess of the corresponding 
fatty alcohol under boron trifluoride etherate catalysis in 
methylene chloride at 0 “C in 30-40% yield working on 
a few-gram scale. However, trying to increase the scale 
resulted in lower yields and tedious chromatographic 
separations of the excess fatty alcohol. We therefore 
looked for more reliable methods. 

Attempts at monoprotection of diol 5 as the phenyl 
carbonate led to a complex mixture of mono- and di- 
carbonate derivatives together with polymerization prod- 
ucts from the starting diol. Finally, we found a more 
practical route to 7 involving a clean transacetalization of 
diol 5 to alcohol 8 by treatment with a mild acid catalyst, 
pyridinium 10-camphorsulfonate, in methylene chloride 
at room temperature, followed by the reaction of crude 
alcohol 8 with phenyl chloroformate in pyridine to afford 
9 as a 3 2  anomeric mixture (as determined by 13C NMR). 
Protecting the hydroxy group of 8 as the phenyl carbonate 
both prevented polymerization and introduced an acti- 
vated carboxyl group for further urethane formation. 

Introduction of the fatty chain on 9 was achieved either 
via hydrolysis of the methyl acetal and dihydrofuran 
formation, or directly through a transacetalization process. 
Thus, heating 9 at reflux with Dowex HCR-S H+ in a 1:l 
mixture of tetrahydrofuran-water followed by reaction of 
the resulting lactol with mesyl chloride in triethylaminea 
at -30 to 50 OC, and treatment with the fatty alcohol af- 
forded 7 again as a 3:2 (13C NMR) anomeric mixture in a 
5 5 4 0 %  yield. The conversion of 9 to 7 was also carried 
out in a similar yield via toluene/methanol azeotrope re- 
moval under reduced pressure, keeping the temperature 
below 40 “C, in the presence of catalytic p-toluenesulfonic 
acid. 

Acetals 4a-n were obtained from carbonate 7 according 
to the method described in the l i t e r a t ~ r e . ~ , ~ ~  Treatment 
of 7 with 2-picolylamine yielded carbamate 10. This was 
reacted with acetyl chloride and the resulting N-acetyl- 
carbamate 11 was treated with ethyl iodide to afford the 
pyridinium salts. When desired, the iodide was converted 
to chloride by ion exchange chromatography. 

The observation that the cis and trans isomers of N- 
acetylcarbamate 11 were separable on analytical TLC 
plates prompted us to carry out the preparation of pure 
cis- and trans-4d. The two diastereomers of l l d  were 
separated by preparative column chromatography eluting 
with a 1:4 mixture of ethyl acetate and hexane. Complete 
cis-trans equilibration was observed when alkylation was 
performed using commercial ethyl iodide, presumably due 
to the presence of traces of HI. This could be completely 
avoided by carrying out the reaction at 60 “C in a mixture 
of ethyl iodideacetonitrile previously filtered through an 
alumina pad. Under these conditions no trace of the 
contaminant isomer was observed in the 13C NMR spec- 
trum. 

The relative stereochemistry of cis-l ld and trans-lld 
was determined by ‘H NMR analysis and NOE measure- 
menta (see Figure 2). In the more polar isomer, irradiation 
of H2 and I.4 enhanced Ha and irradiation of Hh enhanced 
H2 and H4, indicating that H2, H3e, and H4 are all on the 
same ring face. Therefore, the alkoxy chain and the polar 
substituent must be cis oriented. Irradiation of H4 in the 

Carceller et  al. 

(7) Bailey, S.; Harnden, M. R. Analogues of the Antiviral Acyclo- 
nucleoside 9-(4Hydroxy-3-hydroxymethylbutyl)guanine. Part 
2 Substitutions on C-1’ and C-3’ of the Acyclic N-9 Substitu- 
ent. J.  Chem. SOC., Perkin Trans. 1 1988,2767-2775. 

(8) Bamford, M. J.; Humber, D. C.; Storer, R. Synthesis of (&)- 
2’-0xa-carbocyclic-2’,3’-Dideoxynucleosides aa potential anti- 
HIV Agents. Tetrahedron Lett. 1991,32,271-274. 
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Figure 2. Selected NOE enhancements (%) measured in the 
500-MHz spectra (CDC13) of cis-l ld and trans-lld.  
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4 

Figure 3. 

less polar isomer enhanced Ha and irradiation of H3b en- 
hanced H2, which confirms a trans relationship between 
the two substituents. Furthermore, the coupling constant 
between Hsa and H2 in the less polar isomer (trans-lld) 
was <1 Hz, characteristic of a trans relationshipg for 
neighboring hydrogens, while Ja,2 was 5.5 Hz in the more 
polar isomer (cis-lld). 
Results and Discussion 

The first screening for PAF antagonist activity was 
based on the in vitro PAF-induced rabbit platelet aggre- 
gation test and the in vivo PAF-induced hypotension test 
in rats. Results are summarized in Table I. 

In our previous work on structure lb, we varied the 
nature of R1, using a pure polymethylene chain (see, for 
example, compound 12, Figure 3) or one carrying an ether 
or urethane function with a methylene residue between 
the ring and the oxygen (see, for example, compounds 13 
and 14). The direct linkage of the alkoxy chain to the ring 
furnished compound 4, featuring an acetal function (see 
Figure 3). 

Indeed, when we tested compounds 4c, 4d, and 4f, 
w r y i n g  a fatty chain, we found similar in vitro and in vivo 
activities to that of their carba counterparts 13 and 14 and 
reference compound 2. Encouraged by this observation, 
we prepared a number of acetal derivatives of formula 4 
carrying a variety of R chains. 

(9) Stevens, J. D.; Fletcher, H. G. The Proton Resonance Spectra 
of Pentofuranose Derivatives. J.  Org. Chem. 1968, 33, 
1799-1805. 
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Table I. PAF Antagonist Activities of 2-Alkoxytetrahydrofuran Derivatives 

platelet agregation: blood pressure: 
compd R A - IC,,"M IDm,b mg/kg, iv formulaC anal.d 

4a C,Hr I 2.8 (2.3-3.4) 2.3 (0.8-6.4) CinHmIN,Os C,H,N 
4b (~H&CH(CH,), I 0.69 (0.66-0.72) 0.21 (0.14-0.30) C;;H~IN~O~.H20 C;H;N 
4c n-C16H33 I 0.0097 (0.0081-0.011) 0.010 (0.009-0.012) C3ZHJN205"zO C,H,N 
4d n-C18H37 I 0.013 (0.0098-0.016) 0.026 (0.018-0.037) CMHSgIN205*1/4H20 C,H,N 

cis-4d n-C18H3, I 0.031 (0.027-0.036) 0.066 (0.049-0.089) CaHSgINz05*1/4H20 C,N; He 
4e n-C18H37 C1 0.012 (0.0090.014) 0.025 (0.022-0.029) C,H5&1N205*2H,O C,H,N 
4f n-CaoH41 I 0.040 (0.028-0.056) 0.048 (0.039-0.059) CMH6JNz05*1/4H20 C,H,N 

4h Ph&H(CHz)z I 0.26 (0.22-0.32) 0.11 (0.07-0.18) C31H37INZ05.2HzO C,H,N 

trans-4d n-C18H37 I 0.016 (0.013-0.020) 0.013 (0.009-0.020) C M H ~ ~ N Z O ~ J / ~ H Z O  C J W  

4g Ph(CH& I 0.19 (0.094-0.38) 0.12 (0.08-0.18) C=H33IN205"20 C,H,N 

4j CH3(CHp)dXCHz)s I 0.0041 (0.0028-0.0060) 0.0040 (0.0030.0070) C32HsINzO6 C,H,N 

41 P~(CH~)~WCHZ)B I 0.051 (0.040.064) 0.060 (0.038-0.095) C ~ ~ H ~ I N ~ O ~ * H Z O  C,H,N 
4m Ph(CHz)oO(CHz)s I 0.015 (0.0098-0.023) 0.021 (0.016-0.038) C33H4dN206'HZ0 C,H,N 

4i CH30(CHz)ie I 0.0021 (0.0016-0.0028) 0.040 (0.018-0.089) C ~ ~ H S ~ I N Z O ~ * ~ / Z H ~ O  C J W  

4k CH2=CH(CHz)eO(CHz)s I 0.025 (0.018-0.036) 0.063 (0.0464.086) C&4dN2Og2Hzo C,H,N 

4n 4-biphenylyl-CHzO(CH2)6 I 0.015 (0.0124.019) 0.012 (0.0060.022) CsH,INzO6*2HzO C,H,N 
12 0.21 (0.16-0.31) 0.052 (0.0414.067) C33H67IN204.l / 2Hz0 C ,H ,N 
13 0.0086 (0.0071-0.012) 0.027 (0.023-0.033) C33H57ClN205.HzO C,H,N 
14 0.011 (0.0083-0.016) 0.011 (0.0070.017) C~Hg1C1N20g5/2Hz0 C,H N' 
2 0.012 (0.010.014) 0.0078 (0.0053-0).011) CMH&N~O~.H~O C,H,N 

,I Concentration required to inhibit PAF-induced maximum aggregation by 50%. Parentheses contain 95% confidence limits. Dose 
required to reduce the lowering of the arterial blood pressure caused by PAF by 50%. Parentheses contain 95% confidence limits. 
CEmpirical formula with amount of water of hydration. dAnalytical results for the indicated elementa are within f0.4% of the calculated 
values, unless indicated otherwise. eH: calcd, 8.47; found, 8.96. 'N calcd, 4.12; found, 4.59. 

First, compounds 4a and 4b were prepared to charac- 
terize the limitations of the R size. Those compounds, 
which had a medium-size alkyl chain, were 1-2 orders of 
magnitude less potent in both tests than those having a 
fatty chain. Compounds 4g and 4h carrying a 3-phenyl- 
propyl end a 3,3-diphenylpropyl radical, respectively, were 
also significantly less active. 

w0xidation of the polymethylene chain followed by 
subsequent @-oxidation has been described as one of the 
metabolic processes after iv administration of 344- 
hydroxy-7-methoxy-lOoxo-3,5,9-trioxa-l l-ma-4phospha- 
nonacos-l-y1)thiazolium hydroxide, inner salt, P-oxide 
(CV-3988).10 Thus, in an attempt to further improve the 
duration of activity of these compounds we functionalized 
the terminal carbon of the lipophilic chain in an attempt 
to block metabolism. 

Our first modification of the 0-1 position consisted in 
the placement of an ether function. This led to an im- 
portant increase in activity in the in vitro test, whereas the 
activity in the in vivo test decreased slightly (4i compared 
to 4d). 

For synthetic convenience, we next introduced an ether 
function at a distance of six carbon atoms from the acetal 
group together with different modifications at the end of 
the chain and we prepared compound 4j  in order to 
evaluate the effect of this modification. Surprisingly, this 
compound showed an increased potency of about 3-6-fold 
in both tests (4j compared with 4d and 44. In fact, com- 
pound 4j is one of the most potent PAF antagonists de- 
scribed 80 far. Next, we varied the functionality at the end 
of the chain placing a double bond or an aromatic ring 
while maintaining the ether group at six carbon atoms of 
distance from the acetal group. The compounds thus 
obtained, 4k, 41, 4m, and 4n, were all less active than 
compound 4j, but the latter two were equipotent to com- 

(10) Kobayashi, T.; Hohnoki, H.; Esumi, Y.; Ohtadci, T.; Washino, 
T.; Tanayama, S. Xenobiotica 1988,18,49-59. 

pound 4d. Thus, the phenyl or biphenylyl substitution at 
the end of the alkyl chain does not produce significant 
impairment of activity. The overall length of the sub- 
stituent was important, as can be seen by comparing 
compounds 41 and 4m. 

The effect of the relative stereochemistry of the five- 
membered ring on activity was studied in compound 4d. 
The trans isomer was twice as active as the cis isomer in 
the in vitro test and five times as active in the in vivo test. 
These results were in accordance with those reported on 
tetrahydrofuran derivatives lb.3 Thus, the relative ster- 
eochemistry of the substituents seems to play only a minor 
role in activity. 

Compound 48, the C1- form of 4d, was also prepared as 
a pharmaceutically more acceptable salt. As expected, no 
difference in activity was observed between the two salts. 

Additional pharmacological tests showed that these 
compounds are selective inhibitors of PAF-induced re- 
sponses (e.g. compound 48 inhibits PAF-, ADP-, and 
AA-induced platelet aggregation with ICm values of 0.012, 
>200, and 107 pM, respectively). 

Some of the more potent compounds were selected for 
a further study of duration of activity to determine the 
influence of R. We also found it of interest to compare 
the tetrahydrofuran derivatives 12-14 (see Figure 3) with 
compound 4e. They differ in the presence or position of 
an oxygen atom whereas the overall length of the lipophilic 
chain was kept similar throughout the four compounds. 
Thus, the effect of the presence of the acetal group on the 
duration of activity can be directly infered. Furthermore, 
compounds 4e,13, and 14 are almost equipotent in the in 
vitro and in vivo tests (Table I), and they also share similar 
ID, values in the PAF-induced mortality test in mice 
(Table 11), which makes the comparison more illustrative. 

This study was based on two pharmacological tests, i.e. 
PAF-induced mortality in mice and PAF-induced hypo- 
tension in rats. Regarding the former (Table 111, the 
pharmacological duration of 48 seems very favorable, as 
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Table 11. Percent Protection of PAF-Induced Mortality in Mice 

comDd me/ka iv 0.5 2 3 5 7 17 24 
percent protection at time (h)* IDm,O 

~~ ~~ 

4c 0.024 100 100 88 61 64 65 44 
trans-4d 0.012 100 100 93 60 
cis-4d 0.030 100 67 38 
4e 0.023 100 100 100 100 95 81 48 
4i 0.0076 100 100 66 59 NP - - 

0.0064 100 100 100 100 88 40 51 
4k 0.024 100 88 63 40 20 - 
4j 
41 0.073 - 100 50 NP - - - 
4m 0.0083 100 100 100 89 80 38 38 

0.36 100 16 16 NP - - - 
13 0.031 100 75 54 65 44 17 
12 

14 0.026 100 100 100 44 33 
2 0.022 100 100 100 100 100 95 48 

Dose required to inhibit PAF-induced mortality in mice by 50%. *Compounds were administered as a single dose of 1 mg/kg iv at time 
0. PAF (100 pg/kg)  plus propanol01 (1 mg/kg) was administered at the given time. Ten to forty animals were used for each time point. Np 

- - - 
- - - - 

- 

- 
- - 

indicates no protection; - means not tested. 

this compound maintained a significant activity even 24 
h after administration of a single dose of 1 mg/kg iv. The 
carba analogues 13 and 14 were somewhat less effective, 
and 12 showed a considerable drop in the duration of 
activity, which could be attributed, at least in part, to its 
lower potency in this test. Pure cis- and tram-4d showed 
a similar duration of activity, the trans isomer being 
slightly longer-lasting. In general, 48 and both isomers of 
4d could be regarded as similar to the reference compound 
2 in the duration of activity in this test. 

Attempts to prolong the protective action of 4d by 
modifying the nature of the fatty chain were unsuccessful. 
Indeed, the presence of an ether group in the alkyl chain 
seemed not to favor duration of activity, in spite of the 
enhanced pharmacological activity seen in some cases, 
particularly with 4i and 4j (see Table I and second column 
of Table 11). In particular, the presence of an oxygen atom 
in the o-1 position (49 proved to be more deleterious than 
when a nearer position with respect to the acetal group (4j). 

There is no clear relationship between blocking o-oxi- 
dation of the polymethylene chain by insertion of a ter- 
minal aromatic group and an increase in the duration of 
action, as 4m is slightly inferior to 4d and similar to 4j. 
Neither did the presence of a terminal olefin increase the 
duration (see entry 4k). It can be postulated that other 
metabolic pathways are involved in the biological degra- 
dation of these products or, should o-oxidation be really 
important, the presence of a new phenyl group or a double 
bond would provide an additional point of attack for 
metabolism, thus resulting in a molecule which is, as a 
whole, more easily biotransformable. In fact, it has been 
reported that in some related compounds only minor im- 
provements of duration of activity were found after 
blocking of the 0-1 position by substitution of the terminal 
methyl group by a tert-butyl or trimethylsilyl group." 

When we analyzed the results of the hypotension test 
in rats, a different picture emerged (Figure 4). When a 
single dose of 1 mg/kg iv was given at  time 0, activity of 
compounds 13 and 14 lasted for less than 4 h, independ- 
ently of the nature or length of the substitution. In con- 
trast, 48 showed inhibition even 17-24 h after adminis- 
tration. In this case, the duration of activity profile of 4e 

(11) Handley, D. A.; Houlihan, W. J.; Tomesch, J. C.; Farley, C.; 
Deacon, €2. W.; Koletar, J. M.; Prashad, M.; Hughes, J. W.; 
Jaeggi, C. Chemistry and Pharmacology of PAF Antagonists. 
Evaluation of Changes at Potential Metabolism Sites on Ac- 
tivity and Duration of Activity. In Advances in Prostaglandin, 
Thromboxane, and Leukotriene Research; Samuelsson, B., 
Wong, P. Y. K., Sun, F. F., E%.; Raven Press, Ltd.: New York, 
1989; Vol. 19, pp 367-370. 
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Figure 4. Time course of inhibitory effect on PAF-induced 
hypotension in normotensive rata. Compounds were given at a 
single dose of 1 mg/kg iv at time 0. C18-PAF 0.5 pg/kg iv was 
administered at different times (3-9 rata per time) and percent 
inhibition at each time was recorded. The asterisks indicate 
statistically significant differences between 48 and 2 (Mann- 
Whitney's U-test); (*) P < 0.05, (**) P < 0.005. 
was superior to that of reference compound 2, which 
showed a rapid drop in activity in the period between 1 
and 3 h, followed by a very smooth decay of inhibition in 
the succeding hours. Surprisingly, 4j showed a short du- 
ration of activity in rats, comparable to that of 13 and 14. 

From the above results, it is reasonable to postulate a 
species-dependent metabolism of the described com- 
pounds. Thus, to have a reliable approach to the problem, 
the duration of activity should be compared in more than 
one animal species. At any rate, we can conclude from the 
present study that the presence of an acetal group is 
frankly beneficial as to duration of activity, as acetal 48 
shows a better overall profiie compared with its carba 
analogues 13 and 14 in the two models tested. 

In conclusion, we have prepared and optimized a new 
series of potent PAF antagonists, the main feature of which 
is the presence of an acetal group. This structural char- 
acteristic seems to confer a longer-lasting activity. Based 
on the results of the biological evaluation, 2-[[N-acetyl- 
N -  [ [ [ 2- (octadecyloxy) tetrahydrofuran-4-yl]methoxy] - 
carbonyl]amino ]methyl] - 1-ethylpyridinium chloride (48) 
(UR-11353) was selected for further pharmacological de- 
velopment. 
Experimental Section 

A. Chemistry. Melting points were determined with a Mettler 
FP 80 central processor melting point apparatus and are un- 
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corrected. Melting points of organic salts varied, depending on 
the amount of water of the sample and should be regarded as 
approximated. Infrared spectra were recorded on a Perkin-Elmer 
983 spectrophotometer. 'H NMR (80 MHz) and '9 NMR (20.1 
MHz) spectra were recorded on a Bllicker AC80 spectrometer 
and are reported in ppm on the 6 scale, from the indicated ref- 
erence. 'H NMR (500 MHz) spectra were recorded on a VXR-500 
spectrometer and are also reported in ppm on the 6 scale, from 
the indicated reference. Combustion analyses were performed 
with a Carlo Erba 1106 analyzer. Liquid chromatography was 
performed with a forced flow (flash chromatography) of the in- 
dicated solvent system on SDS silica gel chromagel 60 a CC 
(230-400 mesh). Analytical thin-layer chromatography (TLC) 
was performed using Macherey-NagelO.25mm silica gel SIL G25 
plates. When necessary, solvents and reagents were dried prior 
to w. Tetrahydrofuran, diethyl ether, and toluene were distilled 
from sodium metal/benzophenone ketyl. Dichloromethane and 
triethylamine were distilled from calcium hydride. Dimethyl 
sulfoxide and dimethylformamide were distilled under reduced 
pressure from calcium hydride and stored over activated 4-A 
molecular sieves. Unless otherwise specified, all nonaqueous 
reactions were conducted under a rigorously dried argon atmo- 
sphere, using oven-dried glassware. 

C-18-PAF-acether was synthesized from @)-batyl alcohol12 
following a published procedure.13 Compound 2 was prepared 
according to the literatureqb and was selected as the reference 
compound. 

4 4  [ (Phenoxycarbonyl)oxy]methyl]-2-methoxytetra- 
hydrofuran (9). To a solution of 2-(hydroxymethyl)-4,4-di- 
methoxybutan-1-ol(5) (27.2 g, 0.16 mol) in dichloromethane (300 
mL) was added a 0.22 M solution containing pyridinium 10- 
rnmphorsulfonate in dichloromethane (15 mL). The mixture was 
then stirred for 18 h. The volatiles were removed in vacuo, and 
the residue was redissolved in dichloromethane (200 mL) and 
pyridine (18 mL), cooled to 0 "C, and treated dropwise with phenyl 
chlorocarbonate (23.0 mL, 0.183 mol) in dichloromethane (60 mL). 
After stirring for 1 h at room temperature, the mixture waa washed 
with water (2 x 60 mL) and 10% sodium bicarbonate aqueous 
solution (60 mL). Anhydrous sodium sulfate was added, the 
mixture was filtered, and the filtrate was concentrated in vacuo 
to an oil (42.0 g), which was purified by flash chromatography 
(1:4 ethyl acetate/hexane) to give a colorless oil (35.3 g) in 84% 
yield. 13C NMR analysis indicated a roughly 3 2  mixture of 
diastereomers: IR (NaCl) v 2949, 2827, 1756, 1488, 1247,1098 
cm-l; lH NMR (80 MHz, CDCld 6 (TMS) 7.23 (m, 5 H), 5.03 (d, 
J = 5.6 Hz, 1 H, CHOMe),4.4-3.6 (m,4 H), 3.32 (s, 3 H,OMe), 
2.75 (m, 1 H), 2.2-1.6 (m, 2 H); l3c NMR (20.15 MHz, CDC13) 
6 (TMS) 153.05 (C), 150.84 (C), 128.09 (CH), 125.52 (CH), 120.56 
(CH), 104.54 (CH, CHOMe, min), 104.41 (CH, CHOMe, maj), 
70.18 (CH,, min), 69.61 (CH2, maj), 68.74 (CH,, min), 68.00 (CH,, 
maj), 53.95 (CHd, 36.47 (CH, mid, 36.15 (CH, maj), 35.08 (CHZ, 
maj), 34.97 (CH,, min). 

44  [ (Phenoxycarbonyl)oxy]methyl]-2-(octadecyloxy)- 
tetrahydrofuran (7d). Method A. A solution of methyl acetal 
9 (19.36 g, 0.076 mol) in tetrahydrofuran (190 mL) and water (190 
mL) was treated with Dowex HCR-S H+ (5 g) at 80 "C for 18 h. 
The resin was filtered, the filtrate was concentrated, and the 
resulting aqueous phase was extracted with chloroform (2 X 80 
mL). The combined organic phases were dried over anhydrous 
sodium sulfate and fitered, and the fiitrate was concentrated in 
vacuo to a pale brown oil (17.2 g) which was purified by flash 
chromatography (1:l ethyl acetate/hexane) to afford 4-[[(phen- 
oxycarbonyl)oxy]methyly11-2-hydroxytetrahydrofuran as a colorleas 
oil (12.02 g, 66%): IR (NaCl) v 3464,1756,1487,1210,1172,1069 
cm-l; lH NMR (80 MHz, CDC1,) 6 (TMS) 7.25 (m, 5 H), 5.53 (d, 
J = 4.9 Hz, 1 H, CHOH), 4.10 (m, 5 H), 2.85 (m, 1 H), 1.90 (m, 
2 H). 

Next, a cooled (-30 "C) solution containing this lactol(l2.0 g, 
0.05 mol) and triethylamine (7.6 mL, 0.054 mol) in tetrahydrofuran 
(200 mL) was treated with a solution of methanesulfonyl chloride 

(12) Golding, B.; Ioannou, P. Rspid Synthesis of 3-0-Benzyl-sn- 
glycerol and 2-0-Benzylglycerol. Synthesis 1977, 423-424. 

(13) Wissner, A.; Kohler, C. A.; Golstein, B. M. Analogues of Pla- 
telet Activating Factor 5. Multiple Oxygen Substitution of the 
Alkoxy Chain. J. Med. Chern. 1986,29,13161319. 
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(3.98 mL, 0.05 mol). The mixture was stirred 30 min at room 
temperature and then was heated at 50 "C for 30 min. After 
cooling to room temperature, the mixture was treated dropwise 
with a solution of octadecyl alcohol (15.93 g, 0.058 mol) in tet- 
rahydrofuran (80 mL). After stirring for 18 h at room temperature, 
the volatiles were removed in vacuo to give an oil that was purified 
by flash chromatography (1:9 ethyl acetate/hexane) to afford a 
white solid (22.9 g, 82% yield): mp 43.2-44.2 "C; IR (KBr) v 2911, 
2844,1758,1587,1483,1461,1343,1269,1242,1200 cm-l; lH NMR 
(80 MHz, CDC1,) b (TMS) 7.23 (m, 5 H), 5.14 (d, J = 4.9 Hz, 1 
H,OCHO),4.4-3.3 (m,6 H), 2.76 (m, 1 H),2.2-0.6 (m,ca.37 H); 
13C NMR (20.15 MHz, CDC13) 6 (TMS) 153.39 (C, maj), 153.33 
(C, min), 151.10 (C), 129.26 (CHI, 125.78 (CH), 120.80 (CH), 103.59 
(CH, CHOMe, min), 103.53 (CH, CHOMe, maj), 70.66 (CH,, min), 
70.01 (CH,, maj), 69.10 (CH,, min), 68.27 (CH2, maj), 67.27 (CH& 
36.81 (CH, min), 36.58 (CH, rnaj), 35.56 (CH,, maj), 35.44 (CH2, 
min), 31.80 (CH,), 29.56 (CH,), 29.29 (CH,), 29.23 (CH,), 26.10 

Method B. A solution containing methyl acetal 9 (6.8 g, 0.020 
mol), octadecyl alcohol (6.5 g, 0.024 mol), and p-toluenesulfonic 
acid (0.6 g) in toluene (200 mL) was heated at 40 "C in vacuo (15 
mmHg). Additional toluene was added, and the solution was 
concentrated again. The resulting residue was purified by flash 
chromatography (1:9 ethyl acetate/hexane) to afford the title 
compound as a white solid (6.8 g, 54% yield) analytically identical 
to that described above. 

2-[ [N-[ [ [2-( Octadecyloxy)tetrahydrofuran-4-yl]meth- 
oxy]carbonyl]amino]methyl]pyridine (loa). To a solution 
of phenyl carbonate 7d (34.49,0.07 mol) in acetonitrile (240 mL) 
was added 2-(aminomethyl)pyridine (7.6 mL, 0.074 mol), and the 
resulting mixture was heated at reflux for 12 h. After cooling, 
the volatilea were removed under reduced pressure, and the residue 
was partitioned between chloroform (140 mL) and water (50 mL). 
The organic phase was washed twice with 1 N aqueous sodium 
hydroxide (40 mL) and water (40 mL) and dried over anhydrous 
sodium sulfate. Removal of the solvent afforded 32 g of an oil 
that was purified by flash chromatography (1:l ethyl acetate/ 
hexane) to afford 27.3 g of the title compound as a white solid 
in 77% yield mp 59.2-63.0 OC; IR (KBr) Y 3326,2957,2912,2845, 
1702,1589,1524,1463,1259,1089 cm-'; 'H NMR (80 MHz,  CDCV 
6 (TMS) 8.45 (d, J = 5.4 Hz, 1 H, py), 7.58 (t of d, J = 2 Hz, J 
= 7.8 Hz, 1 H, py), 7.12 (m, 2 H, py), 5.85 (1 H, NH), 5.00 (m, 
1 H), 4.39 (d, J = 5.6 Hz, 2 H), 3.1-4.1 (m, 6 H), 2.5 (m, 1 H), 
1.18 (m, 34 H), 0.8 (m, 3 H). Anal. (C&IS2N2O4) C, H, N. 

24  [N-Acetyl-N-[ [ [2-(octadecyloxy)tetrahydrofuran-4- 
yl]methoxy]carbonyl]amino]methyl]pyridine (1 la). To a 
cooled solution (0 "C) of compound 10d (29.4 g, 0.058 mol) in 
dichloromethane (100 mL) was slowly added acetyl chloride (4.3 
mL, 0.06 mol), and the mixture was stirred at room temperature 
for 18 h. The solution was then cooled (0 "C) and treated with 
triethylamine.(l2.9 mL) and additional acetyl chloride (2.15 mL, 
0.03 mol). After stirring for 20 h at room temperature, tri- 
ethylamine (6.5 mL) was added and the mixture was washed with 
water (2 X 50 mL) and brine (50 mL). The organic layer was 
decanted and dried over anhydrous sodium sulfate, the drying 
agent was fiitered off, and the filtrate was concentrated in vacuo 
and purified by flash chromatography (1:l ethyl acetate/hexane) 
to afford the title compound as a white solid (24.94 g, 78%). '9 
NMR analysis indicated a roughly 3:2 mixture of diastereomers 
(R 0.31 and R, 0.41 in 1:l ethyl acetate/hexane): mp 58.2-60.2 "d IR (KBr) v 2911,2846,1732,1693,1588,1430,1391,1372,1343, 
1222 cm-l; 'H NMR (80 MHz, CDCIS) 6 (TMS) 8.5 (dt, J = 4.8 
Hz, J = 0.9 Hz, 1 H, py), 7.60 (td, J = 7.2 Hz, J = 1.6 Hz, 1 H, 
py), 7.14 (m, 2 H, py), 5.07 (s,2 H), 5.00 (m, 1 H), 3.3-4.3 (m, 6 
H), 2.62 (s,3 H), 2.5 (m, 1 H), 1.26 (m, 34 H), 0.87 (m, 3 HI. Anal. 
(C3234N205) C, H, N. 

cis - and trams-2-[[N-Acetyl-N-[ [[2-(octadecyloxy)tetra- 
hydrof uran-4-yl]methoxy]~~nyl]~o]methyl]pyri~e 
(cis- and trans-lld). The above diastereomeric mixture (8 g) 
was chromatographed twice on silica gel (150 g) and eluted with 
1:4 ethyl acetate/hexane, and each fraction was then chromato- 
graphed to afford 3.0 g of the less polar diastereomer tram-lld 
and 0.67 g of the more polar diastereomer cis-lld as white solids. 

t rams-l ld  mp 64.7 OC; IR (KBr) v 2948, 2910, 2844, 1727, 
1695,1588,1467,1443,1366,1351 cm-'; 'H NMR (499.9 MHz. 
CDC13) 6 (TMS) 8.49 (br d, J = 4.5 Hz, 1 H, py), 7.60 (td, J = 

(CH,), 22.53 (CHZ), 13.91 (CHJ. Anal. (C&,O,) C, H. 
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8 Hz, J = 2 Hz, 1 H, py), 7.12 (dd, J = 7.5 Hz, J = 5 Hz, 1 H, 
py), 7.08 (d, J = 8 Hz, 1 H, py), 5.066 and 5.038 (AB system, J 

(br t, J = 8.5 Hz, Hh), 3.55 (dt, J = 9.5 Hz, J = 7 Hz, Hh), 3.36 

H6b), 2.61 (s, 3 H, CH,CO), 2.55 (m, H4), 1.84 (br dd, J = 7.5 Hz, 
J = 13 Hz, J = <1 Hz, HS), 1.49 (br q, J = 7 Hz, H7*, H7b, and 
H3b), 1.23 (m, ca. 30 H), 0.86 (t, J = 7.5 Hz, 3 H, CH,); 13C NMR 
(20.15 MHz, CDC13) 6 (TMS) 172.78 (C), 156.92 (C), 154.43 (C), 
149.25 (CH), 136.36 (CH), 121.91 (CH), 120.33 (CH), 103.57 (CH, 
CHOMe), 68.28 (2 CHJ, 67.32 (CH,), 48.34 (CHz), 36.41 (CHI, 

26.14 (CHz), 22.62 (CHz), 14.01 (CH3). Anal. (C32H54N205) C, 
H, N. 

cis-lld: mp 61.8-63.2 OC; IR (KBr) v 2910,2845,1735,1691, 
1587,1468,1431,1371 ax-'; 'H NMR (499.9 MHz, CDClJ 6 (TMS) 
8.49 (br d, J = 4.5 Hz, 1 H, py), 7.60 (td, J = 7.5 Hz, J = 1.5 Hz, 
1 H, py), 7.12 (dd, J = 7.5 Hz, J = 5 Hz, 1 H, py), 7.08 (d, J = 

= 16 Hz, 2 H, CHz-py), 4.98 (d, J = 4.5 Hz, Hz), 4.07 (dd, J = 
6 Hz, J = 10.5 Hz, Hb), 3.98 (dd, J = 11 Hz, J = 8 Hz, Hab), 3.73 

(dd, J = 8.5 Hz, J = 4.5 Hz, H5b), 3.28 (dt, J 9.5 Hz, J = 7 Hz, 

35.48 (CHz),31.87 (CHZ), 29.62 (CH2),29.38 (CHZ), 26.33 (CH3), 

8 Hz, 1 H, py), 5.05 ( ~ , 2  H, CHz-py), 5.01 (dd, J 5 Hz, J = <1 
Hz, HZ), 4.22 (dd, J = 10.5 Hz, J = 6.5 Hz, Hh), 4.12 (dd, J = 
10.5 Hz, J = 8.5 Hz, &), 3.69 (t, J 8 Hz, H5a), 3.55 (dt, J = 
9.5 Hz, J = 7 Hz, Hh), 3.38 (dd, J = 9 Hz, J = 7 Hz, H5b), 3.27 
(dt, J = 9.5 Hz, J = 6.5 Hz, H&,), 2.61 (8, 3 H, CH,CO), 2.40 (m, 
Hd), 1.97 (ddd, J = 14.0 Hz, J = 10.5 Hz, J = 5.5 Hz, HS), 1.49 
(m, H7a, H7b, and H9b), 1.23 (m, ca. 30 H), 0.86 (t, J = 7 Hz, 3 H, 
CH,); 13C NMR (20.15 MHz, CDC13) 6 (TMS) 172.78 (C), 157.09 
(C), 154.37 (C), 149.27 (CH), 136.34 (CH), 121.88 (CH), 120.33 
(CH), 103.68 (CH, CHOMe), 69.01 (CHJ, 68.83 (CHJ, 67.40 (CHJ, 

Anal. (C32H&IN205) C, H, N. 
2-[[N-Acetyl-N-[ [ [2-(octadecyloxy)tetrahydrofuran-4- 

yl]methoxy]carbonyl]amino]methyl]-l-ethylpyridinium 
Iodide (4d). A solution containing a 3:2 mixture of trawlcis- 
acylcarbamates l l d  (17.24 g, 0.032 mol), ethyl iodide (50 mL), 
and acetonitrile (25 mL) was heated at 80 OC for 18 h. After 
cooling, the volatile5 were removed in vacuo and the residue was 
recrystallized from dichloromethane/diethyl ether to yield 22 g 
of the title compound as a yellow solid (99% yield): mp 58.6-69.3 
OC; IR (KBr) v 3440,2913,2846,1737,1682,1625,1579,1508,1463, 
1212 cm-'; 'H NMR (80 MHz, CDCl,) 6 (TMS) 9.61 (d, J = 6 Hz, 
1 H, py), 8.45 (t, J = 8 Hz, 1 H, py), 8.04 (t, J = 8.2 Hz, 1 H, py), 
7.73 (d, J = 8.2 Hz, 1 H, py), 5.43 (s, 2 H), 5.05 (m, 3 H), 4.5-3.3 
(complex signal, 6 H), 2.7 (m, 1 H), 2.64 (s,3 H), 1.73 (t, J = 7.2 
Hz, 3 H), 1.25 (m, 34 H), 0.87 (m, 3 H). Anal. (C34H591N205- 

trans -24 [N-Acetyl-N-[ [ [2-(octadecy1oxy)tetrahydro- 
furan-4-yl]methoxy]carbonyl]amino]methyl]- l-ethyl- 
pyridinium Iodide (trans-4d). tram-Acylcarbamate 1 Id (0.75 
g, 1.37 mmol) was treated with 6 mL of a 2:l mixture of ethyl 
iodide and acetonitrile previously filtered through an alumina pad. 
The resulting mixture was heated at 60 OC for 32 h, and trans-4d 
was isolated as above as a yellow solid (0.33 g, 34% yield): mp 
97.3-108.5 O C ;  IR (KBr) v 3477,2912,2845,1740,1691,1621,1444, 
1219 cm-'; 'H NMR (80 MHz, CDC13) 6 (TMS) 9.62 (br d, J = 
6 Hz, 1 H, py), 8.57 (br t, J = 8 Hz, 1 H, py), 8.09 (br t, J = 8.2 
Hz, 1 H, py), 7.89 (d, J = 8.2 Hz, 1 H, py), 5.45 (s, 2 H), 5.08 (m, 
3 H), 4.28 (d, J = 7.09 Hz, 2 H), 3.93 (t, J = 8.8 Hz, 1 H), 3.5 (m, 
3 H), 2.75 (m, 1 H), 2.65 (s, 3 H), 1.73 (t, J = 7.2 Hz, 3 H), 1.25 
(m, ca. 34 H), 0.87 (m, 3 H); 13C NMR (20.15 MHz, CDCI3) 6 
(TMS) 172.44 (C), 153.36 (C), 153.21 (C), 146.39 (CH), 145.94 
(CH), 127.25 (CH), 126.19 (CH), 103.59 (CH, CHOMe), 70.39 

48.38 (CHZ), 36.78 (CH), 35.38 (CHZ), 31.90 (CHZ), 29.66 (CHZ), 
29.34 (CHZ),26.32 (CHJ, 26.20 (CHZ), 22.63 (CHJ, 14.00 (CH3). 

0.25HzO) C, H, N. 

(CHZ),68.20 (CHZ), 67.45 (CHZ), 54.60 (CHJ, 45.10 (CHZ), 36.41 
(CH), 35.86 (CHZ), 31.83 (CHZ), 29.60 (CHZ), 29.26 (CHZ), 26.65 
(CH3), 26.12 (CHd, 22.59 (CH,), 16.08 (CH3), 13.99 (CH3). Anal. 
(C34H5JN20g0.25H20) C, H, N. 
cis -24 [ N-Acetyl-N-[ [ [2-(octadecyloxy)tetrahydrofuran- 

4-yl]methoxy]carbonyl]amino]methyl]-l-ethylpyridinium 
Iodide (cis-4d). Using pure cis-acylcarbamate l l d  and following 
the same procedure as above gave cis-4d as a yellow solid (28% 
yield): mp 47.7-49.8 "C; IR (KBr) v 3439,2912,2844,1744,1679, 
1625,1577,1508,1462,1210 cm-'; 'H NMR (80 MHz, CDC13) 6 
(TMS) 9.62 (br d, J = 6 Hz, 1 H, py), 8.56 (br t, J = 8 Hz, 1 H, 
py), 8.09 (br t, J = 8.2 Hz, 1 H, py), 7.83 (d, J = 8.2 Hz, 1 H, py), 
5.46 (s, 2 H), 5.08 (m, 3 H), 4.39 (d, J = 7.5 Hz, 2 H), 3.99 (t, J 

Carceller et al. 

= 8.5 Hz, 1 H), 3.5 (m, 3 H), 2.75 (m, 1 H), 2.66 (8,  3 H), 1.73 (t, 
J = 7.2 Hz, 3 H), 1.25 (m, ca. 34 H), 0.87 (m, 3 H); '% NMR (20.15 

(CH), 145.86 (CH), 127.27 (CH), 125.99 (CH), 103.70 (CH, 
CHOMe), 70.70 (CHJ, 69.05 (CHd, 67.54 (CHd, 54.65 (CHJ, 45.04 

(CH,). Anal. (C34H591Nz05-0.25Hz0) C, H, N. 
24  [N-Acetyl-N-[ [ [2-(octadecyloxy)tetrahydrofuran-4- 

yllmethoxy ]carbon yl]amino]met hyll- 1 -et hylpyridinium 
Chloride (4e). A solution of iodide 4d (3 g) in 85% methanol/ 
water was passed through a column of Amberlite IRA-410 ion- 
exchange resin previously washed with 5% NaCl solution. The 
fractions containing the product were mixed, extracted with 
dichloromethane (2 X 30 mL), dried over sodium sulfate, and 
filtered, and the filtrate was concentrated to a white powder. 
Recrystallization from acetone afforded the title compound as 
a white solid (1.8 g, 70% yield): mp 54.0-55.1 OC; IR (KBr) Y 3427, 
2914,2846,1744,1677,1625,1463,1370,1351 cm-I; 'H NMR (80 

6.6 Hz, 1 H, py), 8.04 (t, J = 5.8 Hz, 1 H, py), 7.61 (d, J = 6.7 
Hz, 1 H, py), 5.42 (8 ,  2 H), 5.24 (9, J = 7.2 Hz, 2 H), 5.10 (m, 1 
H), 3.3-4.5 (complex signal, 6 H), 2.66 (m, 1 H), 2.64 (s,3 H), 1.74 
(t, J = 7.2 Hz, 3 H), 1.26 (m, ca. 34 H), 0.88 (m, 3 H). Anal. 

2 4  [ N-Acetyl-N-[ [ [2-[ (16-methoxyhexadecyl)oxy]tetra- 
hydrofuran-4-yl]methoxy]carbonyl]amino]methyl]- 1- 
ethylpyridinium Iodide (4i). The title compound was prepared 
from 16-methoxyhexadecanol and obtained as a yellow powder: 
mp 112.9-115.2 "C; IR (KBr) v 3441,2912,2845,1743,1692,1623, 
1445,1369,1213 cm-'; 'H NMR (80 MHz, CDC13) 6 (TMS) 9.60 
(br d, J = 5.5 Hz, 1 H, py), 8.42 (br t, J = 8.1 Hz, 1 H, py), 8.04 
(br t, J = 6.2 Hz, 1 H, py), 7.70 (br d, J = 7.5 Hz, 1 H, py), 5.50 
(m, 1 H, OCHO),5.43 (s, 2 H,CHz-py),5.08 (m,3 H),4.4-3.1(m, 
7 H), 3.32 (8, 3 H, CH30), 2.70 (m, 1 H), 2.64 (s, 3 H, CH3CO), 
1.73 (t, J = 7.5 Hz, 3 H, CH3CHz), 2.1-1.2 (m, ca. 30 H). Anal. 

2 4  [N-Acetyl-N-[ [ [2-[ [ 6-(decyloxy)hexyl]oxy]tetra- 
hydrofuran-4-yl]methoxy]carbonyl]amino]methyl]-l- 
ethylpyridinium Iodide (4j). The title compound was prepared 
from 6-(decy1oxy)hexanol and obtained as a yellow powder: mp 
67.3-71.9 OC; IR (NaCl) v 2922,2849,1741,1693,1622,1445,1369, 
1082 cm-I; 'H NMR (80 MHz, CDCl,) 6 (TMS) 9.59 (br d, J = 
5.9 Hz, 1 H, py), 8.50 (br t, J = 8.0 Hz, 1 H, py), 8.06 (br t, J = 
6.3 Hz, 1 H, py), 7.79 (br d, J = 7.9 Hz, 1 H, py), 5.48 (m, 1 H, 
OCHO), 5.44 (8, 2 H, CHz-py), 5.06 (m, 3 H), 4.32 (m, 2 H), 4.02 
(m, 1 H), 3.7-3.2 (m,4 H),2.81 (m, 1 H), 2.64 (s,3 H, CH3CO), 
1.73 (t, J = 7.5 Hz, 3 H, CH3CHz), 1.9-1.1 (m, ca. 28 H), 0.87 (t, 
J = 5.8 Hz, 3 H). Anal. (C3zH661Nz06) C, H, N. 

2 4  [N-Acetyl-N-[ [ [2-[ [6-(7-octenyloxy)hexyl]oxy]tetra- 
hydrofuran-4-yl]methoxy]carbonyl]amino]methyl]-l- 
ethylpyridinium Iodide (4k). The title compound was prepared 
from 6-(7-octenyloxy)hexanol and obtained as a yellow powder: 
mp 60.2-66.7 OC; IR (KBr) v 3441,2928,1743,1691,1623,1503, 
1351,1213 cm-'; 'H NMR (80 MHz, CDCI3) 6 (TMS) 9.55 (d, J 
=6.2Hz,lH,py),8.54(td,J=l.lHz,J=7.8Hz,lH,py),8.08 
(t, J = 6.4 Hz, 1 H, py), 7.84 (br d, J = 8 Hz, 1 H, py), 5.86 (m, 
1 H, CH-CH,), 5.44 (8,  2 H, CH,-py), 5.00 (m, 5 H, CHzN+, 
CH==CHz, OCHO), 4.37 (m, 2 H), 4.04 (m, 1 H), 3.74 (m, 2 H), 
3.46 (m, 5 H), 2.80 (m, 1 H), 2.65 (8, 3 H, CH3CO), 2.03 (HzO), 
1.73 (t, J = 7.2 Hz, 3 H), 1.36 (m, 20 H). Anal. (CNH4JN2- 

2-[[N-Acetyl-N-[ [ [2-[ [6-[ (5-phenylpentyl)oxy]hexyl]- 
oxy]tetrahydrofuran-4-yl]methoxy ]carbonyl]aminol- 
methyl]-1-ethylpyridinium Iodide (4m). The title compound 
was prepared from 6-[ (5-phenylpentyl)oxy]hexanol and obtained 
as a yellow powder: mp 34.7-45.9 OC; IR (KBr) Y 3439,3020,2926, 
1743,1691,1623,1446,1368,1351 cm-'; 'H NMR (80 MHz, CDClJ 
6 (TMS) 9.60 (d, J = 6.1 Hz, 1 H, py), 8.53 (t, J = 7.6 Hz, 1 H, 
py), 8.07 (t, J = 6.4 Hz, 1 H, py), 7.83 (br d, J = 7.7 Hz, 1 H, py), 
7.20 (m, 5 H, Ph), 5.44 (s, 3 H, CHz-py, OCHO), 5.05 (m, 3 H), 
4.32 (m, 2 H), 3.96 (m, 1 H), 3.69-3.30 (m, 6 HI, 2.65 (m, 3 HI, 
2.64 (8, 3 H, CH3CO), 2.2-1.15 (m, ca. 19 H). Anal. (CUH49I- 
N206.1H,0) C, H, N. 

2 4  [N-Acetyl-N-[ [ [2-[ [6-(4-biphenylylmethyl)hexyl]- 
oxy] tetrahydrofuran-4-yl]methoxy]carbonyl]amino]- 

MHz, CDC13) 6 (TMS) 172.52 (C), 153.39 (C), 153.05 (C), 146.44 

(CHZ), 36.61 (CH), 35.60 (CHZ), 31.81 (CHZ), 29.58 (CHz), 29.25 
(CHZ), 26.58 (CH3), 26.10 (CHZ), 22.57 (CHZ), 16.05 (CH3), 13.98 

MHz, CDC13) 6 (TMS) 10.18 (d, J 6 Hz, 1 H, py), 8.39 (t, J = 

(C~H59ClNzO5.2HzO) C, H, N. 

(CBH~~INZO~*~/ZHZO) C, H, N. 

06.2HzO) C, H, N. 
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methyl]-1-ethylpyridinium Iodide (44 .  The title compound 
was prepared from 6-(4-biphenylylmethyl)hexanol and obtained 
as a yellow powder: mp 40.0-44.5 OC; IR (KBr) Y 3440,2930,1744, 
1688,1623,1481,1366,1213 cm-'; 'H NMR (80 MHz, CDClJ 6 
(TMS) 9.65 (br d, J = 5.6 Hz, 1 H, py), 8.39 (t, J = 7.0 Hz, 1 H, 
py), 8.00 (t, J = 7.0 Hz, 1 H, py), 7.53 (m, 11 H, py, Ar), 5.41 (m, 
2 H), 5.07 (m, 3 H), 4.53 (8 ,  2 H, OCH,Ar), 4.32 (dd, J = 7.3 Hz, 
J = 9.6 Hz, 2 H), 3.98 (m, 1 H), 3.57 (m, 4 H), 2.75 (m, 1 H), 2.63 
(s,3 H, CH,CO), 1.56 (m, 13 HI. Anal. (C35H4SIN206-2H20) C, 
H, N. 
B. Biological Methods: Inhibition of Platelet Aggregation 

in Vitro. Platelet-aggregation studies were done by the method 
of Born." Blood was collected in 3.16% sodium citrate (1 volume 
for 9 volume of blood) by cardiac puncture from male New Zealand 
rabbits (2-2.5 kg body weight). Platelet-rich plasma (PRP) was 
prepared by centrifuging the blood at  250g for 10 min at  4 OC. 
The PRP was diluted with platelet-poor plasma obtained by 
further centrifuging at  3000g for 10 min. The platelet number 
was adjusted to 3.5 X lo5 cells/mm3. Platelet aggregation was 
induced by C18-PAF (1.5 X M) and measured by using a 
dual-channel aggregometer Chrono-log 500. Activity of the in- 
hibitors was expressed as the ICw value, Le. the concentration 
required to inhibit platelet aggregatory response by 50%. The 
values shown in the tables were calculated by linear regression 
from a single experimental curve with no leas than four data points, 
each point being the mean of the percentage inhibition at a given 
concentration obtained from one to three independent experi- 
menta. 

Inhibition of PAF-Induced Hypotension in Normotensive 
Rats. Hypotension studies were performed as described by 
Baranes.15 Male SpragueDawley rats, weighing 180-220 g, were 
anesthetized with sodium pentobarbital (50 mg/kg, ip). Blood 
pressure wm recorded from the left carotid artery using a Beckman 
pressure transducer coupled to a Beckman R611 polygraph. Right 
and left femoral veins were catheterized to inject PA.F (0.5 ~ / k g )  
or the test compound. Test compounds were administered by 
intravenous injection (1 mL/kg, dissolved in d i e )  3 rnin before 
PAF injection. Control animals received only the vehicle. Blood 
pressure was monitored and percentage inhibition of PAF-induced 
hypotension with respect to controls was calculated. The results 
were expressed as IDm values, i.e. the dose of the test compound 
required to inhibit the PAF-induced hypotension by 50%. The 
results were calculated by linear regression from a single exper- 
imental curve with not less than four points, each point beiig the 
mean of the percentage inhibition at  a given dose obtained from 
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two or more independent experiments. For duration of activity 
studies, test compounds were given at a single dose of 1 mg/kg 
iv at  time 0. C18-PAF was administered at  a different timeg (3-9 
rats per time) and percentage inhibition at each time was recorded. 

Inhibition of PAF-Induced Mortality in Mice.lS Groups 
of 10 male Swiss mice weighing 22-26 g were used. A dose of 100 
pg/kg C18-PAF plus 1 mg/kg propanolol was administered 
through a lateral tail vein 5 min after iv administration of the 
test compounds (10 mL/kg) or saline (control group). Animala 
were observed 2 h after the PAF injection. Following this protocol 
we obtained a consistent mortality of 70-100% in control group. 
Percent inhibition of mortality due to the treatments in com- 
parison with the control group was calculated. Results were given 
as IDN values, Le. the dose required to inhibit PAF-induced 
mortality by 50%. The results were calculated by linear regreeaion 
from a single experimental curve with no lees than four data points. 
For duration of activity studies, test compounds were given at 
a single dose of 1 mg/kg iv at time 0. C18-PAF plus propanolol 
was administered at  different times (10-40 mice per time) and 
percentage inhibition at  each time was recorded. 

Statistics. Statistical analyses of pharmacological data were 
made using a standard pharmacology program implemented on 
an IBM PC." 
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