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Summary - The synthesis and biological activity of novel adamantylmethyl analogues of chloramphenicol are des- 
cribed. Substituting the polar para-nitro group on the phenyl ring with a non-polar lipophilic adamantylmethyl moiety 
resulted in a diminished antimicrobial activity. At a daily dose of 3 mg / kg the threo-4-[2’-tricyclo[3.3.1.13,7]decylidene)- 
methyl-l-[1”,3”-dihydroxy-2”-(cy,ar-dichloroacetamido)propyl]benzene caused a significant loss of humoral immuno- 
competence in the T-dependent Kennedy plaque assay in mice. 

R&urn6 - Analogues du chloramphCnico1 avec un reste adamantyImQthyIe. Le remplacement du groupe p-nitro 
polaire sur le noyau phtnyle par un reste non polaire lipophile adamantylmethyle diminue l’activite antimicrobienne. A 
une dose journaliere de 3 mg / kg, le three-[(tricycle-2’[3.3.1. 13~7]-4-decylidene)mtthyl]-4-[dihydroxy-l I’, 3’ ‘-((~,a- 
dichloroac&tamido)-2’ ‘-propyl]benzene entraine une perte significative d’immunocompttence humorale darts les tests de 
la plaque Kennedy T-dependant chez la souris. 

adamantylmethyl analogues of chloramphenicol / tireo-chloramphenicol / antimicrobial activity / immunosuppressive activity 

Introduction 

A fermentation product of Streptomyces venezuelae, chlor- 
amphenicol 1 was the first antibiotic with a broad spectrum 
of activity against various Gram-positive and Gram-nega- 
tive bacteria that was introduced into medicinal use [l]. 
Later, another synthetic analogue, thiamphenicol 2 was 
also reported to display a broad spectrum of anti- 
microbial activity [2]. However, it was only the threo-dia- 
stereomers of both compounds that were found active; the 
corresponding erythro-isomers were devoid of any meaning- 
ful therapeutic activity. 

Among a number of unwelcome side effects associated 
with the biological activity of chloramphenicol, the aplas- 
tic and hypoplastic anemias and thrombo- and granulocy- 
topenias are considered to be most dangerous. The substi- 
tution of the para-nitro group on the phenyl ring of chlor- 
amphenicol with other substituents (most notably a 
methylsulfonyl group) was clearly beneficial in decreasing 
the toxicity of the drug. The great majority of substituents 
used to replace the para-nitro group of 1 represent either 
other electron-withdrawing non-lipophilic groups (acetyl 
[3] and perchloryl [4]) or electron-withdrawing but lipo- 
philic functions such as chlorine [5], bromine [5, 61 and 
fluorine [7-91. 

To our knowledge, there are few reports in the litera- 
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ture describing chloramphenicol analogues bearing elec- 
tron-donating non-polar lipophilic functions. Therefore, it 
was of interest to prepare such derivatives and investigate 
the effect, if any, of a large lipophilic moiety on the nature 
and scope of antimicrobial activity. Based on our previous 
experience with the adamantane ring system [lo- 161, we 
decided to use the adamantylmethyl moiety as the non- 
polar lipophilic substituent in place of thepara-nitro group 
of chloramphenicol. 

In the present communication we report the synthesis 
and biological activity of 2 adamantylmethyl analogues of 
chloramphenicol, the threo- and erythro-C{ [2’-tricyclo- 
[3.3.1.1~~7]decyl]methyl-(l”,3”-dihydroxy-2”-a,cr-dichloro- 
acetamido)propyl}benzenes (1Oa and lob, respectively), 
as well as 2 unsaturated analogues, the threo- and erythro- 
4-[(2’-tricyclo[3.3.1.1.~~~]decylidene)methyl]-l-[l”,3”- 
dihydroxy-2”-(a,a-dichloroacetamido)propyl]benzenes 
l2a and l2b, respectively. 

Chemistry and pharmacology 

The synthesis of compounds 1Oa and lob was straight- 
forward, and involved in initial reaction of 2-adamanta- 
none 3 with the Grignard reagent of a-chloro-para-xylene 
to furnish the 2-[ (para-methylphenyl)metbyl]tricyclo[3.3.l. 1.3.7]- 
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decan-2-014. Dehydration with 85% phosphoric acid led 
to the preparation of the corresponding olefin derivative 
5. The latter was brominated, and the resulting bromo- 
methyl compound 6 was oxidized to the 4-[(2’-tricyclo- 
[3.3.l.13J]decylidene)methylene]benzaldehyde 7. Reac- 
tion of 7 with 2-nitroethanol yielded the 1,3-dihydroxy- 
2-nitropropylphenyl derivative 8 as a diastereomeric mix- 
ture which was readily separated by flash chromatography 
on neutral silica gel. The erythro-isomer 8b was hydrogen- 
ated over platinum catalyst to provide the corresponding 
amino analogue 9b. Treatment of the latter with ethyl 
dichloroacetate completed the synthesis of erythro-4- 
{[2’-tricyclo[3.3.1.l.~~~]decyl]methyl-(l”,3”-dihydroxy- 
2”-a,cu-dichloroacetamido)propyl}be~ne (lob; Scheme 1). 

The threo-diastereomer 1Oa was prepared in a similar 
way, starting with the nitrodiol precursor &L 

The configuration of the asymmetric centers of 10a and 
lob was determined by interpretation of their iH NMR 
spectra and comparison with the corresponding values for 
threo-chloramphenicol (Table I). As seen from the Table, 
for threo-diastereomer 1Oa the coupling constant J1,2 
(3.30 Hz) compared favorably to that of threo-chloram- 
phenicol (J1,Z = 2.74 Hz). The corresponding value for .Zr2 
of erythro-lob was much larger (4.72 Hz). Furthermore, 
the protons at C-3 of threo-1Oa appeared as 2 doublets with 
coupling constants 52,3 = 4.14 Hz, again similar to the pat- 
tern observed for the protons at C-3 of threo-chloramphe- 
nicol (2 doublets with J2,3 = 5.46). Contrary to that, the 
protons at C-3 for the erythro-diastereomer lob appeared 
as doublets (ABX pattern) with coupling constants of J2,3 
= 3.94 and Jz3$ = 3.55 Hz, and J331 =12.1 Hz. 

For the pre$ration of the erythro-&[(2’-tricyclo[3.3.1.1.3.~- 
decylidene)methyl]-l-[1”,3”-dihydroxy-2”-(a,cr-dichloro- 
acetamido)propyl]benzene l2b, the nitro group of 
erythrogb was reduced in a selective manner by using alu- 
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Scheme 1. 

~HCCHCI, 

6 
4Ob 

minum amalgam. The resulting erythro-amino analogue 
llb was treated with ethyl dichloroacetate to provide l2b 
(Scheme 2). The threo-diastereomer l2a was synthesized 
in a similar way by starting with threo-nitro analogue 8a. 

When screened for antimicrobial activity in the disc dif- 
fusion assay, the threo-diastereomer 10a displayed weak 
activity at 500 pg/disc against Staphylococcus aureus, S. 
pyogenes and Naisseria gonorrhoeae; by comparison, 
when tested under similar conditions, cephalothin and 
gentamycin showed broad spectrum activity at 30 and 
10 pg/ disc, respectively. In the homogenized broth assay, 
both 1Oa and lob were found to be weakly active at 1000 pug / 
ml against Proteus vulgaris, Fusobacterium necrophorum 
and Clostridium histolyticum, and Salmonella pneumo- 
niae, Klebsiella pneumoniae, Bacteriodes fragilis and Clos- 
tridium histolyticum, respectively. 

Over the years, the immunosuppressive activity of 
threo-chloramphenicol has been well documented [ 11. 
Therefore, we decided to investigate the 2 unsaturated 
analogues Ua and l2b for potential immunosuppressive 
activity in the T-dependent Kennedy plaque assay in mice 
(Table II). As seen from the table, the erythro-diastere- 
omer l2b did not demonstrate any significant immunosup- 
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Table I. Assignment of protons in the iH NMR spectra (200 MHz) of 
three-lOa, erythro-lob and three-chloramphenicol 1. 

0 

Compound H(C-1) H(C-2) H(C-3) 

three-Chloramphenicol 5.40 ppm 

CR = NO*)= (1 doublet) 

s1.2 
= 2.14 Hz 

threw10a 

R= 

5.11 ppm 4.08 *pm 3.89 ppll 
(1 doublet) (1 multiplet) (2 doublets) 

$2 = 3.30 HZ = 4.14 He L2.3 

erythro-lob 5.16 ppm 4.26 ppm 4.06 IWII 

Q 

(1 doublet) (1 multiplet) (1 doublet-doublet) 

S,2 = 4.72 Hz 12.3 
= 3.94, 12.10 Hz 

R= 
3.89 ppm 

CH,- 
(1 doublet-doublet) 
L2,3 = 3.55, 12.04 Hz 

aThere is no report in the literature describing the iH NMR spectrum of 
erythro-chloramphenicol. 

pressive activity. However, the three-analogue I2a caused 
a significant loss of humoral immunocompetence at a dose 
of 3 mg / kg. The immunosuppressive effect of I2a was evi- 
dent throughout the dose-range tested, although due to 
the small sample site and large variability within the sam- 
ples, only the 3-mg/ kg dose was statistically significant 
when compared to the controls. 

OH ‘<r OH HO H 

NHCCHCI, NHCCHCI, 

d % 
12r 12b 

The overall results of the present study have demonstrat- 
ed that replacing the polar para-nitro group on the phenyl 
ring of chloramphenicol with the non-polar lipophilic ada- 
mantylmethyl moiety was detrimental for the antimicro- 
bial activity of the drug [ 171. The unsaturated threo-analo- 
gue l2a elicited immunosuppressive activity in the T- 
dependent Kennedy plaque assay in mice. 

NOz NH1 
Ib llb 

Scbeme 2. 

Table II. Effect of threo42a and three-I2b on the humoral immunocompetence of mice sensitized with a T-dependent antigen. 

Compounda No. of Dose No. of plaque-forming Response ( %c) 
experiment@ GW’W cells (PFC) / 105 splenocytes f SE 

Control 3 - 86.8 -t 5.6 100.0 

6-Mercaptopurine 3 60.0 44.7 -t 5.5 50.w 

threo-l2a 3 1.0 64.8 k 5.3 73.0 

3 3.0 62.5 f 3.6 71.W 

3 6.0 69.0 2 3.5 78.0 

3 12.0 66.4 + 2.1 75.0 

3 1.0 74.9 2 4.2 85.0 

3 3.0 88.2 r 10.0 99.6 

3 6.0 74.8 2 4.9 84.0 

3 12.0 71.8 2 5.1 81.0 

a6-Mercaptopurine was administered intraperitoneally on days 1 and 2 after the antigen (SRBC) challenge. Compounds 10 were administered on 
days 1, 2 and 3 after the antigen (SRBC) challenge. bin each experiment 4 replicate samples were averaged. CThe observed activity was expressed 
as a percentage of the control response. Vhe response decreased significantly when compared with the controls; P 5 0.050 using analysis of variance, 
followed by the Newman-Keuls test. 

erythro-l2b 
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Experimental protocols 

Chemistry 

The melting noints were determined on a Thomas-Hoover canillarv 
melting po&*apparatus and are uncorrected. The infrared (IR) spectra 
were recorded on a Nicolet MX-1 FI spectrometer as KBr discs. The 
rH NMR spectra were obtained on a Varian EM-360 A (60 MHz) or a 
Bruker-IBM 200 Fourier transform (200 MHz) instrument. All snectra 
were consistent with the assigned structures. Elemental analysei were 
within the acceptable limits of 0.4% of theory. 

2-[(4-Methylphenyl)methyl]tricyclo[3.3.1 .I .3. ?]decan-2-014 
Compound 4 was prepared by a modified procedure of the method of 
Keul [18] as follows. Under a nitrogen atmosphere, 17.3 g (0.711 mol) 
of magnesium turnines were covered with 50 ml of anhvdrous ether. 
While~tirring vigorously, a solution of 100.0 g (0.711 mol) of cy-chloro-p- 
xylene in 300 ml of anhydrous ether was added dropwise over a period 
of 3 h with external cooling (ice-water bath). The resulting dark-colored 
susnension was stirred for 30 min. then a solution of 93.8 g (0.624 mol) 
of 2-adamantanone 3 in 1 liter of anhydrous ether was id-ded over a 
period of 3 h. The reaction mixture was stirred at room temperature over- 
night, then quenched by cautious addition of 500 ml of 2 N hydrochloric 
acid. The organic layer was washed sequentially with water, saturated 
aqueous sodium chloride and then dried over anhydrous magnesium sul- 
fate. Removal of the solvent under reduced pressure and crystallization 
of the resulting solid from pentane gave 144.0 g of alcohol 4 (mp 
70-73OC) which was used in the next step without further purification. 
‘H-NMR (60 MHz, CDC13): 1.43 ppm (s, lH, OH); 1.50-2.25 ppm (m, 
14H); 2.32 ppm (s, 3H, ArCH-,); 2.92 ppm (s, 2H, ArCHa); 7.10 ppm 
(s, 4W. 

2-1(4-Methvlvhenvl~methvleneltricvclol3.3.1.13~~ldecane 5 
Compound 3 was obtained by a procedure similar to that described by 
Keul 1181. Alcohol 4 (131.6 a. 0.513 mol) was susnended in 1 liter of 85% 
phosphoric acid and‘the suspension was heated to 120°C for 3 h with 
vigorous stirring. 

After cooling to ambient temperature, the reaction mixture was pour- 
ed into ice-water that resulted in the precipitation of a white solid. The 
latter was collected by suction filtration, then taken up in ether and 
washed with water and saturated aqueous sodium chloride and dried 
over anhydrous magnesium sulfate. Crystallization from cold acetone 
furnished 107.1 g of the olefin derivative 5 as white needles melting at 
55-57oC. rH NMR (60 MHz, CDC&): 1.72-2.07 ppm (m, 12H); 
2.32 ppm (s, 3H, ArCH,); 2.37-2.55 ppm (m, lH, CH-C=C); 
3.05-3.25 ppm (m, lH, CH-C=C); 6.15 ppm (s, lH, C=CH). Olefin 5 
was used in the next step without further purification. 

4-[(2’-Tricyclo[3.3.1.13~7]decylidene)methylene]benzaldehyde 7 
The preparation of benzaldehyde 7 was carried out by a procedure simi- 
lar to that described by Nate and Monagle [19], as follows. Under a 
nitrogen atmosphere, 12.58 g (0.071 mol) of N-bromosuccinimide and 
0.47 g (0.002 mol) of benzoyl peroxide were added successively to a solu- 
tion of 11.97 g (0.050 mol) of olefin 5 in 150 ml of carbon tetrachloride. 
The resulting suspension was refluxed for 3 h, then cooled to ambient 
temperature and filtered to remove the succinimide. The filtrate was 
washed sequentially with saturated aqueous sodium bicarbonate, water 
and saturated aqueous sodium chloride, and then dried over anhydrous 
sodium sulfate. A small sample of the crude bromo derivative 6 was puri- 
fied by flash chromatography on neutral silica gel using hexane as eluent; 
mp 41-44oC (methanol). rH NMR (60 MHz, CDCI,): 1.77-2.10 ppm 
(m, 12H); 2.40-2.57 ppm (m, lH, CH-C=C); 3.03-3.23 ppm (m, lH, 
CH-C=C); 4.47 ppm (s, 2H, CHzBr); 6.15 ppm (s, lH, C=CH); 7.16 
ppm (d, 2H, J=8 Hz); 7.31 ppm (d, 2H, J=8 Hz). 

The remaining crude bromide 6 was dissolved in 250 ml of anhvdrous 
dimethyl sulfoxi;le under a nitrogen atmosphere. Sodium bicarbonate 
(5.06 g, 0.060 mol) was added and the suspension was stirred at 12OoC 
for 3 h. Upon cooling to ambient temperature, the reaction mixture was 
poured into ice-water and extracted with methylene dichloride. The 
organic layer was washed with water and saturated aqueous sodium chlo- 
ride, and then dried over anhydrous magnesium sulfate. The product 
was purified by flash chromatography on neutral silica gel using hexa- 
ne-ethyl acetate (19:l) as eluent, to provide (after crystallization from 
pentane) 8.11 g of aldehyde 7 as light yellow solid, mp 77-78.5oC. Anal. 

calcd for CrsHasO: C: 85.67; H: 7.99; found: C: 85.60; H: 8.00. IR 
(KBr): 2924 (s); 2913 (s); 2848 (m); 1688 (s); 1650 (m); 1600 1562 
(m); 1446 (m); 1305 (m); 1214 (m); 1200 (m); 1167 

(s); 
(m); 875 (m); 

841 (m)and 823 (m) cm-r. rH NMR (200 MHz, CDClr): 1.79-2.01 ppm 
(m, 12H); 2.53 prim (m, 1H. CH-C=C): 3.16 npm (m. 1H. CH-C=C): 
6.22 ppm’(s, lH,‘C=C)i 7.34 ppm (d, 2H,J=8.2 Hz); 7.80ppm (d, 2& 
J=8.3 Hz); 9.96 ppm (s, lH, CHO). 

~~~~~~-D~ydroxy-2-ni~opropyl)phenyl]methylene~~~cyclo[3.3.1.1~~~]- 

Compound 7 (9.57 g, 0.0379 mol) was susnended in 50 ml of anhvdrous 
methanol under a nitrogen atmosphere. *Then 2nitroethanol (3.2 ml, 
0.0446 mol) was added, followed bv a solution of sodium methoxide in 
methanol (prepared from 1.12 g (O.b50 mol) of sodium metal and 10 ml 
of anhydrous methanol). The resulting solution was stirred at ambient 
temperature for 1 h, during which time a precipitate formed. The latter 
was filtered off and the solid was washed first with methanol, and then 
with ether. Next, the solid was dissolved in 25 ml of glacial acetic acid, 
diluted with water, and extracted with ether. The organic layer was wash- 
ed sequentially with water and saturated aqueous sodium chloride, then 
dried over anhydrous magnesium sulfate, and the solvent removed 
under reduced pressure. Purification of the residual oil by flash chroma- 
tography on neutral silica gel using hexane-ethyl acetate (3:2) as eluent, 
furnished: (a) 2.38 g of threo-8a (higher R, value) as a light yellow oil; 
(b) 4.13 g of a mixture of threo-8a and erythro-lb (lower Rr value); and 
(c) 3.30 g of erythro-8b as a light yellow oil; the combined yield of dias- 
tereomers 8a and 8b was 67%. 

threo-8a: rH NMR (60 MHz, CDCIJ: 1.70-2.05 ppm (m, 12H); 
2.33-2.53 ppm (m, lH, CH-C=C); 2.98-3.17 ppm (m, lH, CH-C=C); 
3.53-3.87 ppm (m, 2H, 2 OH); 4.50-4.97 ppm (m, lH, CHNO,); 
5.13-5.30 ppm (m, lH, CH-OH); 6.08 ppm (s, lH, C=CH); 7.17 ppm 
(s, 4H). erythro-8b: iH NMR (60 MHz, CDCls): 1.77-2.03 ppm (m, 
14H); 2.40-2.53 ppm (m, lH, CH-C=C); 2.98-3.18 ppm (m, lH, CH- 
C=C); 4.00-4.25 ppm (m, 2H, C&-OH); 4.48-4.77 ppm (m, lH, 
CHNO,); 5.38 ppm (d, lH, J=4 Hz, CH-OH); 6.12 ppm (s, lH, 
C=CH); 7.20 ppm (s, 4H). 

erythro-4-{[2’-Tricyclo[3.3.l,l3~7]decyl]methyl-(l~‘,3~‘-dihydroxy-2”- CX,Q- 
dichloroacetamido)propyl}benzene IOb 
A solution of 0.92 g (2.68 mmol) of erythro-& in 25 ml of glacial acetic acid 
was hydrogenated in a Parr apparatus over 0.12 g of platinum oxide for 
6 h. The reaction mixture was filtered through a bed of Celite and the sol- 
vent was removed under reduced pressure. The residual oil was suspended 
in water, then neutralized with potassium carbonate, and extracted with 
methylene dichloride. The organic extract was washed with water and 
dried over anhydrous magnesium sulfate. Following the removal of the 
solvent under reduced pressure, the amine derivative Pb was obtained 
as a yellow oil. The crude amine Pb was suspended in 10 ml of anhydrous 
methanol and 2.0 ml of ethyl dichloroacetate were added. The mixture 
was refluxed for 8 h under a nitrogen atmosphere. Upon cooling to 
ambient temperature the solvent was removed under reduced pressure 
and the remaining: oilv material was flash-chromatoeranhed on neutral v 1 
silica gel using hixane-ethyl acetate (1:l) as eluent. Crystallization 
from ethyl acetate gave 0.38 g of erythro- lob as white solid melting at 
174-177OC (decomp.). Anal. calcd. for C2,H,,NOsC12: C: 61.97; H: 
6.86; Cl: 16.63; N: 3.29; found: C:61.66; H: 6.95; Cl: 16.30; N: 3.25. IR 
(KBr): 3520-3180 (br m, OH, NH); 3085 (m); 2904 (s); 2850 (m); 1665 
(s); 1579 (m); 1030 (m); and 815 (m) cm-r. ‘H NMR (200 MHz, 
CDCls/TFA): 1.60-2.05 ppm (m, 16H); 2.76 ppm (d, 2H, 5=7.8 Hz, 
Ar-CH,-adamantyl); 3.90 ppm (dd, lH, 5=3.5, 12.0 Hz, CH-HCH- 
OH); 4.06 ppm (dd, lH, J=4.0, 12.0 Hz, CH-HCH-OH); 4.26 ppm 
(ddd, lH, J=3.5, 4.0, 4.7 Hz, CH-NH); 5.16 ppm (d, lH, J=4.7 Hz, 
Ar-CH-OH); 6.08 ppm (s, lH, COCHCI,); 7.24ppm (d, 28,5=8.4 Hz); 
7.26 ppm (s, lH, NHCO); 7.28 ppm (d, 2H, J=8.4 Hz). 

Compounds 8-10 were obtained by procedures similar to those des- 
cribed by Countroulis et al. [20]. 

threo-4-{[2~-Tricyclo[3.3.I.I.-‘-7]decyl]methyl-(l~~,3~‘-dihydroxy-2~~ -(~,a- 
dichloroacetamido)propyl}benzene IOa 
Compound 10a was prepared by a procedure similar to that of lob. 
Yield: 0.55 g (19%) as a light yellow oil following purification by flash 
chromatography on neutral silica gel using hexane-ethyl acetate (1:l) 
as eluent. IR (KBr): 3560-3240 (br m, OH, NH); 2906 (s); 2850 (s); 
1677 (s); 1558 (m); 1098 (m); 1050 (m); and 809 (m) cm-r. rH NMR (200 
MHz, CDC&): 1.63-2.03 ppm (m, 16H); 2.72 ppm (d, 2H, 3=7.8, Ar- 
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CH3; 3.89 ppm (d, 2H, 3=4.1 Hz, C&-OH); 4.08 ppm (dd, lH,J=3.3, 
4.1 Hz, CH-NH); 5.10 ppm (d, lH, J=3.3 Hz, C&OH); 5.84 ppm (s, 
lH, COCHC&); 7.16 ppm (d, 2H, J=8.1 Hz); 7.25 ppm (d, 2H, J= 
8.1 Hz); 7.26 ppm (s, lH, NHCO). 

erythro-4-[2’-Tricyclo[3.3.1 .I.-‘-7]decylidene)methyl]-I-[1”,3” -dihydroxy- 
2”-(a,cw-dichloroacetamido)propyl]benzene Lzb 
Aluminum amalgam was prepared by adding 1.20 g (0.044 mol) of alumi- 
num foil (l/4 inch squares) to a solution of 0.50 g (0.002 mol) of mercu- 
tic chloride in 75 ml-of water, under a nitrogeriatmosphere. After 10 
min of stirring at ambient temperature, the solvent was decanted and 
the amaleam was washed seauentiallv with water (50 ml). ethanol (50 
ml) and e?her (50 ml), then cdvered with ether and cooled ‘In an ice bath. 
A solution of 1.67 e (0.005 mall of ervrhro-8b in 20 ml of ether was added 
to the aluminum &talgam and the reaction mixture was warmed to 
ambient temperature over a 30-min period, then refluxed for 1 h. Upon 
cooling to room temperature, the mixture was filtered through a bed of 
Celite and the filtrate was concentrated under reduced nressure to give 
the amine derivative llb. The latter was dissolved in 25’ml of meth&ol 
and 10 eauiv of ethvl dichloroacetate in 25 ml of methanol were added. 
The reaciion mixture was refluxed under a nitrogen atmosphere for 15 
h, then cooled to ambient temperature and concentrated in vacua. Flash 
chromatography on neutral silica gel using hexane-ethyl acetate (1:l) 
as eluent provided 0.78 g (56%) of erythro-l2b, mp = 170- 1720C (ethyl 
acetate). Anal. calcd. for C2rH2,C12N03: C: 62.27; H. 6.41; Cl: 16.71; 
N: 3.30; found: C: 62.22; H: 6.45; Cl: 16.56; N: 3.28. IR (KBr): 
3560-3180 (br s, OH, NH); 3087 (m); 2910 (s); 2848 (m); 1664 (s); 1578 
(m); 1034 (m); 869 (m); and 811( m cm-‘. iH NMR (200 MHz, DMSO- ) 
d,/D,O): 1.68-1.98 ppm (m, 12H); 2.44-2.51 ppm (m, lH, CH- 
C=C); 3.02-3.09 ppm (m, lH, CH-C=C); 3.50 (ddd, lH, J=3.9, 5.5, 
11.0 Hz, HCH-OH); 3.66 ppm (ddd, lH, J=5.5, 6.1, 11.0 Hz, HCH- 
OH); 3.86 ppm (dddd, lH, 5=3.9, 6.1, 7.2, 8.8 Hz, CH-NHCO); 
4.61ppm(dd,lH,J=4.4,7.2Hz,CH-OH);4.72(t,lH,J=5.5Hz,CH~- 
OH); 5.49 (d, lH, J=4.4 Hz, CH-OH); 6.15 ppm (s, lH, CGCHCI,); 
6.34 ppm (s, lH, C=CH); 7.08 ppm (d, 2H, J=7.7 Hz); 7.24 ppm (d, 
2H, J=7.7 Hz); 8.34 ppm (d, lH, J=8.8 Hz, CH-NHCO). 

threo-4-[(2’-Tricyc1o[3.3,1,1,3~~decy/- 
2”-(cu,o-dichloroacetamido)propyl]benzene Da 
Compound l2a was obtained by a procedure similar to that of l2b. mp 
= 162-167oC (ethyl acetate). Anal. calcd. for C,H,,ClzNOs: C: 62.27; 
H: 6.41; Cl: 16.71; N: 3.30; found: C: 62.61; H: 6.54; Cl: 16.18; N: 3.23. 
IR (KBr): 3600-3180 (br s, OH, NH); 2906 (s); 2847 (s); 1675 (s); 1527 
(m); 1446 (m); 1060 (m); 1040 (m); and 812 (m) cm-i. ‘H NMR (200 
MHz, DMSO-d,/D,O): 1.69-1.99 ppm (m, 12H); 2.46-2.52 ppm (m, 
lH, CH-C=C); 3.04-3.10 ppm (m, lH, CH-C=C); 3.31 ppm (ddd, lH, 
J=5.5, 6.6, 11.0 Hz, HCH-OH); 3.55 ppm (ddd, lH, J=6.6,7.2, 11.0 Hz, 
HCH-OH); 3.86 ppm (dddd, lH, J=3.3, 5.5, 7.2, 7.7 Hz, CH-NI-ICG); 
4.87 ppm (t, lH, J=6.6 Hz, CH,-OH); 4.88 ppm (dd, lH, J=3.3,4.4 Hz, 
CH-OH); 5.67 (d, lH, J=4.4 Hz, CH-OH); 6.15 ppm (s, lH, CGCHCI,); 
6.55 ppm (s, lH, C=CH); 7.08 ppm (d, 2H, J=7.7 Hz); 7.24 ppm (d, 2H, 
.l=7.7 Hz); 8.23 ppm (d, lH, J=7.7 Hz, CH-NHCO). 

Pharmacology 

In vitro screening for antimicrobial activity* 
The in vitro screening of analogues 1Oa and lob was accomplished by using 
modified procedures of those described by Cleeland and Grunberg [21]. 
Disc diffusion test. Discs were prepared by placing 0.02 ml of the test drug 
at 50 times the desired potencv. Filter paper discs (7 mm in diameter) were 
prepared with 15 drug potencies rangingfrom d-1.25 pg/disc. Inocula 
from at least 4 well isolated colonies of each organism were suspended in 
a small volume of saline. The susnensions were diluted with saline to match 
the turbidity of the McFarland standard of 1.0 by using a spectrometer. 
Agar plates were adjusted to a pH of 7.3 * 0.2. Then a sterile cotton swab 
was dipped into the inoculum and the excess removed by rotating the swab 
against the inside wall of the tube. The entire surface of the agar plate was 
inoculated, and 15 discs were placed on the plate not more than 15 min 
after the time of inoculation. Potencies of the discs ranged from O-640 pg 

*The in vitro antimicrobial screening of analogues 10a and lob was car- 
ried out by Dr. Stanley D. Allen in the Laboratory Animal Research 
Center at the Utah State University, Logan, Utah. 

(the 0-pg disc was used as the control). After 24 h of incubation at 37oC, 
the plates were examined and the diameter of the zone of growth inhibition 
was recorded in mm. 
Broth dilution test 
The bacteria were grown overnight in broth, diluted to 10-r or 10-i. and 
adjusted to a pH of;.3 + 0.2. B.-fragilis and’C. hystolyticum were grown 
overnight at 37oC in cooked meat media and then diluted to 10-i. Fifteen 
serial sfold dilutions of the test drugs were made in 2-ml vol of broth re- 
sulting in final concentrations ranging from 100-0.006 ue/ml. All tubes 
contaming test compounds (including a drug-free cont&tube) were ino- 
culated with 0.05 ml of inoculum. Since dimethvl sulfoxide was used as 
solvent in the preparation of the drug samples; a solvent control tube 
was also inoculated (a media control tube was not inoculated). After 
incubation at 370C for 18-24 h, each tube was examined for visible 
growth. The lowest concentration at which no visible growth appeared 
was determined as the minimum concentration (MIC) in PG / ml. 

Kennedy plaque assay 
The humoral immunocompetence was measured using a procedure simi- 
lar to that described by Garvey et al. [22]. For the IgM production in 
female C3H mice, the T-dependent antigen sheep erythrocytes (SRBC; 
0.2 ml of a 20% suspension) were administered intraperitoneally (ip) on 
day 0. The mice were treated with the test compounds (1.0-12.0 
mg / kg, ip), once daily on days + 1, +2 and +3. Twenty-four hours after 
the final doses were imnlemented. the animals were sacrificed. the 
spleens were removed aseptically, and the number of plaque-forming 
cells (PFC) were enumerated. The statistical significance (P value) was 
determined by the analysis of variance, followed by the Newman-Keuls 
test [23]. The higher (6 and 12 mg/kg) and lower (1.0 mg/kg) doses for 
threo-10a are not statistically significant since their P values were at the 
0.055 level and iust over the accepted limit of P = 0.050 - a comparison 
of the observed-immunosuppression at the 4 dose levels using the analy- 
sis of variance and the Newman-Keuls test showed that, in fact, the bio- 
logical activity of threo-1Oa at all 4 levels may be considered quantitativ- 
ely similar and thus not dose-related. Due to inadequate quantities, 
compounds 1Oa and lob were not evaluated in this assay. 
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