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F, cm-', 6, Msc DC 13 * 
MIC, Yield, p- lactam 

IJ.g/ml 
Compd 

Microorganism no. R i  RZ R3 C=O CH (CH3)2 F o r m u l a  % 

3 a  H CF3 NMe, 1765 4.53 (s) 1.33 (s) Ci4Hi,F,N,0 

3b H C1 NMe, 1765 4.43 (s) 1.30 (s) C,,H1,CIN,O 

3c H CF,  -0 1765 4.45 ( s )  1.37 (s) C16H1,F,N,0, 

3d CH, C1 - N ~ O  1765 4.40 (s) 1.33 (s) Cl6H,,C1N,O2 

3e H C1 -0 1765 4.42 (SI 1.33 ( s )  C~5H1,C1N,0, 

3f C1 C1 - x 2  1765 4.44 (s) 1.33 (s) C15H18C1,N,02 

100 Staphylococcus aureus 

S. aureus 3074 
Streptococcus fecalis X66 
Bordetella bronchiseptica 

100 S. a u y a s  3055 
S. aureus 3074 
S. fecalis X66 
B. bronchiseptica 

96.2 S. aureus 3055 
S. aweus  3074 
S. fecalis X66 

3055 

95.0 S .  a u r a s  3055 

93.0 S. a u r a s  3074 
S. fecalis X66 
B .  bronchiseptica 

91.3 S. aureus 3055 
S. a u r a s  3074 
B. bronchiseptica 
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by 5.0 ml of dimethyl sulfate. The mixture was stirred vigorously 
for 16 hr during which time the methylammonium sulfate salt pre- 
cipitated. The precipitate was filtered, washed with 2-propanol, 
and dr ied yield 8.55 g; mp 169-170O; d ~ ~ s ~ ~ ~ ~  7.4 (br s, 4, aryl), 
5.95 (br s, l), 3.5 (s, 3, -CH3), 3.2 (8 ,  9, n-CH3), 2.4 (s, 3, Ar-CHd, 
1.6 (d, 6, CH3); ir (Nujol) 1785, 1418, 1240-1215 hood, 1195, 1060, 
1015, and 750 cm-'. Anal. (C16H26N205S) N. 
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7- N-Amidinocephalosporins 
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7-Aminocephalosporanic acid tert-butyl ester reacts quantitatively a t  -2OO with iminium chlorides to give amidino 
derivatives. Removal of the tert-butyl protecting group with trifluoroacetic acid and treatment with 1 equiv of trieth- 
ylamine yield the corresponding zwitterions. These compounds were less active than their penicillin analogs. 

Amidino derivatives of penicillins have been recently 
synthesized' and are found to exhibit enhanced activity 
toward gram-negative microorganisms. Amidino analogs of 
cephalosporins have not previously been reported. 

Several approaches to amidine synthesis are available: 
reaction of an amine with (i) an iminoether hydrochloride;2 
(ii) with an imin~chloride;~ or (iii) with an N-substituted 
iminium ~ h l o r i d e . ~  The first two routes failed when applied 
to 7-aminocephalosporanic acid (7-ACA) tert-butyl ester. 

This failure was attributed to the fact that the amino group 
of 7-ACA is weakly basic. Therefore, the iminoether hydro- 
chlorides in alcoholic solution underwent alcoholysis rather 
than the desired amidine f ~ r m a t i o n . ~  

N-Substituted formiminium chlorides (1, R = H) are 
better species and react quantitatively with 7-ACA tert- 
butyl ester (2) under very mild conditions. Indeed, the 
reaction of 1 (R = H) with amine 2 yielded the amidino- 
cephalosporin esters 3 (R = H) which were isolated as free 
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__I_- - ___ . - - ____ _____ ___-- Table I. 7-Amidinocephalosporanic Acids and Esters - 
Conipd R R' R" hIp, i' 'dt I t 01 nlul'i An,tl\:;i's 

3a 
3b 
3c 
3f 
4a (CF,CO?H salt) 
4b (CF,CO,H salt) 
4c (CF,CO,H salt) 
4a 
413 
4c 
4: 

H 
I i  
If 
R e m \  1 
I1 
H 
H 
H 
H 
H 
Benzyl 

CH, c H, 
Piper idinyl  
Morpholiny 1 
i\IorpIiolinyl 

Piper idinyl  
4lorpholinyl 

Piper idinyl  
Morpholinyl 
bIorplioliny1 

CH, CH3 

CH, CH, 

_____.- 

bases (Scheme I and Tables I and 11). The same method 
was also applied unsuccessfully to acetiminiurn .chloride 
(Id, R = R' = R" = CHs). 

Scheme. I 

c 0 
4 

K k' K" 
a I-I ( ' t I  iH 
b H piperidin y I 
C H morpllolln\ I 
d C" ('€3 (" 

e PhCH. C" (' H 
f I'll CY1 iiiiii pholin> 1 

When a more highly substituted iminium chloride, such 
as phenylacetiminium chloride (le, R = C G H ~ C H ~ ;  R' = R" 
= CzHs), reacted under the above reaction conditions, no 
amidine was formed. Thus the amidino compound 3f had 
to be prepared by reacting the iminochloride of cephaloram 
tert -butyl ester with morpholine, *followed by trifluoroacet- 
ic acid and triethylamine treatment to  give the zwitterion 
4f. 

Pure samples of formamidinocephalosporin esters are 
stable a t  room temperature. More highly substituted ami- 
dinocephalosporins are less stable, We were unable to iso- 
late a pure acetamidino derivative 4d as a free base. 

All amidinocephaiosporiri esters show a characteristic 
strong ir band i n  t,he 1 ii:30--1600-cm-' region, assigned to 
the NC=N group. 

The NMR spectra of 7 -  A-amidinocephalosporins are dif- 
ferent from those of 7-amidocephalosporins. In the amido 
series the C:H has tl chemical shift at -5.8 ppm. while in 
the amidino series this proton appears a t  -5.3 ppm and is 
less separated from the chemical shift of the CeH. 

In the mass spectra) analysis the formamidinocephalo- 
sporin esters 4a-c yield the molecular ions. The most 
abundant, ion originates from a fragmentation across the 
3-lactam and thiazine rings (i) (Table 111). 

Treatment of 3 with trifluoroacetic acid (TFA) cleaves 
the tert  -hutyl group 10 yield trifluoroacetates. The trifluo- 
roacetates consumed :2 equiv of tetrabutylammonium hy- 
droxide in dimttthylfarinamitit. on titration. Addition of 1 
equiv of triethylamine in methanol solution enabled the 
isolation of the corresponding zwitterions 4. 

Both trifluoroacetates and zwitterions upon electropho- 
resis migrated to the negative electrode at  pH 6.5. 

The 7-N-amidinocephalosporins exhibit low biological 
activity and are less active than the analogous penicillins.' 
Anyhow they show the same activity toward gram-negative 
and gram-positive bacteria, while the amidinopenicillins 
are better against gr:c.L-:;egative bacteria than gram-posi- 
tive ones. The biologichi ac.tivit:b. of the amidinocephalospo 
rins is given in Table IT:, 

Experimental  Section 
All ti,,, reactions wer. rrietf out i I i  a dry system under an argon 

at niosphere. Ch!orofi)rrr, :irid methylene chloride were dried over 
I':O., 

Kr spectra were recorded on a Perkin-Elmer 237B. NMR spectra 
were taken on a Varian A-60 instrument, TMS being used as inter- 
nal stnndard. Mass spectra were determined on Atlas MAT CH4 
instriirnent at ii temperature of  1 2 5 O  and electron energy of 70 eV. 
Melting point determinations were conducted in sealed tubes. The 
elemental analghes f o r  t h ~  compounds in Table I are within the ac- 
ceptable range. 

General Procedure. 7-Formamidinocephalosporanic Acid 
tert-Butyl Esters (3a-c). 7-ACA tert-butyl ester6 (4 mmol) and 
triethylamine (8 mmol) in chloroform (100 ml) were cooled to  
-20". Iminiuni chloride (1: 8 mmol) was introduced in one lot, the 
mixture stirred for 1 hr and washed with a cold saturated NaHCO:) 
solution. and the organic layer dried (MgS04). The solvent was 
evaporated in vacuo a t  30-35" bath temperature and the excess of 
amide removed in high vacuum. The resulting crude light yellow 
product was used for the next step to prepare 4. 

Analytical samples were obtained by recrystallization from 
ether-hexane (Tables I and 11). 

7-Amidinocephalosporanic Acid Trifluoroacetates. The 
ester 3 was treated with dry trifluoroacetic acid ( 5  ml) a t  room 
temperature for 0.5 hr. The acid was removed in vacuo and the 
product triturated several times with dry ether to yield the pure 
trifluoroacetate (Tables I and TI). 
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Table 11. SDectral Data on 7 - A m i d i n o c e ~ h a l o s ~ o r i n s  

NMR ( 6 ,  ppm) 

Sa 232 (17,000), 
253 s h  (9,750) 

1775,177c-1750, 
1635 (CHCl,) 

1.54 (s, 9,  CH3),2.08 (s ,  3, COCH,), 2.88 ( s ,  6, NCH,), 
3.37-3.47 (2, CH,S),4.58-5.26 (m, CH@, C6H, and 

1.4-1.7 (m, CH,, and s,  CH3),2.07 ( s ,  3, COCH3),3.2- 
3.5 (m, 4, CH,N and CH,S), 4.8-5.2 (m, CH@, C,H, 
and C,H), 7.51 ( s ,  1, CH=N)(CDCl,) 

1.54 (s, 9, CH,), 2.08 (s, 3, COCH,), 3.28-3.48 (m,  6, 
CH,N and CH,S), 3.54-3.80 (m, 4, CH,O), 4.6-5.2 
(m, 4, CH,O, C,H, and C,H), 7.62 (s, 1, CH=N) 

C,H), 7.58 ( s ,  1, CH=N)(CDCl,) 

(CDC 1,) 
1.5 [s, 9, C(CH3),],2.1 (s, 3, COCH,),2.9-4.2 (m,  CHzS, 

CH,N,CH,O, andCH,Ph),4.7-5.2 (m, 4, CH@, C@, 
and C,H), 7.3 ( s ,  5, aromatic)(CDCl,) 

2.05 (s, 3, COCH,),3.10 (s, NCH3),3.30 (S, 3, NCH,), 
3.68 (s, 2, CH,S),4.72-5.03 (9, J = 12  Hz, 2, CHzO), 
5.21, 5.70 (9, J = 5 Hz, CgH and CTH), 8.22 (S, 1, 
C H=N) ( D M s 0 - d ~ )  

6, CH,N, CHZS), 4.75,5.08 (9, J = 12 Hz, 2, CH,O), 
5.26,5.72 (9, J = 5 HZ, 2, C,H and C,H),7.87 ( S ,  1, 
CH=N)(DMSO-d,) 

2.04 (s, 3, COCH,),3.4-3.9 (m, 10, CH,, CHzN, CHzS), 
4.74, 5.08 (4, J = 12 Hz, 2, CHzO), 5.24,5.74 (9, 

( D M s 0 - d ~ )  

CH2S),4.68, 5.04 (9, J = 12 Hz, 2, CHzO), 5.10,5.27 

( D M s 0 - d ~ )  

1.30-1.80 (m, 6, CH,),2.05 ( s ,  3, COCH3),3.4-3.8 (m, 

J = 5 Hz, 2, C,H and C,H), 8.40 ( s ,  1, CH-N) 

2.05 (s, 3,  COCH,),2.99 [S, 6, N(CH,),I,3.43,3.50 (2, 

(9, J = 5 Hz, 2,  C,H and C,H), 7.75 ( s ,  1, CH=N) 

1.2-1.7 (m, 6, CH,),2.02 ( s ,  3, COCH,),3.10-3.60 
(ni, 4, CH,N, CH,S),4.70,5.00 (9, J = 12  Hz, 2, 
CH,O), 5,10,5.26 (9, J = 5 Hz, 2, C6H and CTH), 
7.76 (s, 1, CH=N)(DMSO-d,) 

4.68,4.97 (9, J = 12 Hz, 2, CH,O),5.10,5.27 (9, 
J = 5 Hz, C6H and C,H), 7.68 (S, 1, CH=N) 

2.02 (s ,  3,  COCH3),3.2-3.8 (m, 10, CH,N, CH20,  CH,S), 

(DMSO -d,) 
2.05 ( s ,  3, COCH3),3.3-4.0 (m, 12, CH,N, CH,O, CH,S, 

CH,Ph),4.2-5.4 (m, 4, CH,O, C,H, and C,H),7.3 (s, 
5, C,H,)(DMSO-d6) 

3b 239 (17,000) 1780,1720,1630 
(CHC 1,) 

3c 238 (14,000) 1775,1740,1720, 
1630 (CHC1,) 

3f 244 (9,8001, 
256 (9,800) 

1770,1730 sh ,  1720 
1630 sh ,  1600 (CHC1,) 

4a (CF,CO,H 232 (14,0001, 
salt) 260 sh  (7,500) 

1790-1750,1740-1720, 
1640 (KBr)  

4b (CFsC02H 223 (16,000), 
salt) 267 (7,500) 

1780,1740,1700, 
1640 (KBr) 

4 c  (CF,CO,H 227 (16,000), 
salt) 265 s h  (7,500) 

1780,1740,1700,  
1640 (KBr) 

4 a  225 (16,4001, 
265 s h  (7,200) 

1770,1730,1700,  
1610 (KBr) 

4b 223 (18,000), 
267 (12,200) 

1820,1730,1710,  
1615 (KBr)  

4 c  235 (15,5001, 
265 s h  (7,500) 

1770,1730,1700,  
1600 (KBr) 

4f 232 (13,8001, 
254 s h  (11,400) 

1780,1730,1640,  
1600 (KBr)  

Table IV. Biological Activity of t h e  
Amidinocephalosporins (MIC, r / m l )  

Table I11 

R 
\JR" Cepha- 

B a c t e r i a  4 a  4b 4c 4f lothin 

S .  aureus Tour 1 0  100 10 10 0.05 
E .  coli 0111B4H12 50 1 0  1 0  50  1 
Proteus mirabilis TH3333 50 50  50 10  

drybox, washed twice with 2-propanol and then with methanol, 
and dried. The overall yields of the zwitterions 4 were 5 0 4 0 %  (Ta- 
bles I and 11). 

Cephaloram tert-Butyl Ester. 7-Aminocephalosporanic acid 
tert-butyl ester (0.99 g, 3 mmol) was dissolved in 10 ml of methy- 
lene chloride. Phenacetyl chloride (0.618 g, 4 mmol) in 3 ml of 
methylene chloride was added dropwise a t  such a rate that the 
mixture was kept a t  room temperature. The reaction mixture was 
stirred for 25 min. The resulting organic solution was washed with 
5% NaHC03 (25 ml) and water (2 X 25 ml), dried, filtered, and 
evaporated. The residue was dissolved in a minimum amount of 
methylene chloride and precipitated with ether, yielding 1.1 g 
(82%) of cephaloram tert-butyl ester as white crystals: mp 148- 
150'; mass spectrum M+ mle 446; ir (CHC13) 1780, 1730, 1675, 

M' i ii i i i  

7-Amidinocephalosporanic Acids. The trifluoroacetates were 
dissolved in a minimum volume of dry methanol and treated with 
1 equiv of triethylamine. The methanol was removed and the resi- 
due was stirred with dry 2-propanol (15 ml) for 0.5 hr, filtered in a 
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1625 sh, 1595 cm-'; NMR 6 (CDC13) 1.5 [s, 9, C(CH3)3], 2.08 (s, 3, 
COCH3), 3.42 (d, 2, CH2S), 3.65 (s, 2, CHZPh), 4.65-5.25 (m, 3, 
CsH and CH20), 5.85 (q, 1, CTH), 6.2-6.5 (m, 1, NH), 7.32 (s, 5, ar- 
omatic). Anal. ( C ~ Z H ~ ~ N ~ O ~ S )  c ,  H, S. 

7-(  N-Morpholinyl)phenylacetamidinocephalosporanic 
Acid tert-Butyl Ester (3f). Phosphorus pentachloride (0.92 g, 4.3 
mmol) was dissolved in 10 ml of methylene chloride. Pyridine (0.7 
ml, 8.6 mmol) was added and the reaction mixture cooled to -10'. 
Cephaloram tert-butyl ester (0.96 g, 2.15 mmol) was added and 
stirred a t  this temperature for 45 min and then a t  0' for another 3 
h r .  

The reaction mixture was poured into 50 ml of 5% NaHC03 at  
Oo and the layers were separated. The organic layer was dried 
(Na2S04), filtered, and evaporated to give the imino chloride' of 
the cephaloram ester as a dark oil: ir (CHC13) 1780, 1725, 1670 sh, 
1630 cm-'; NMR 6 (CDC13) 1.5 [s, 9, C(CH3)3], 2.1 (s, 3, COCHa), 
3.45 (d, 2, CHzS), 3.95 (s, 2, CH2Ph), 4.65-5.6 (m, 4, CH2O + CsH 
and C7H), 7.3 (9, 5, aromatic). 

The resulting iminochloride was dissolved in 6 ml of chloroform 
and cooled to -3OO. Morpholine (0.38 ml, 4.3 mmol) in 2 ml of 
chloroform was added to the reaction mixture. The temperature 
was kept a t  -3OO for 30 min and then a t  Oo for another 3.5 hr. The 
solvent was evaporated and the resulting dark oil was dissolved in 
ethyl acetate and filtered to remove the morpholine hydrochloride. 
The organic layer was washed with aqueous 5% NaHC03, dried, 
filtered, and evaporated. The oil was dissolved in ether and precip- 
itated with hexane to yield 0.57 g (53%) amidine ester 3f. 

Electrophoresis. All amidines, trifluoroacetates, and zwitter- 
ions were subjected to electrophoresis a t  pH 6.5 (pyridine-acetate 
buffer), 60 V/cm for 30 min on Whatman No. 1. They migrated 1.2 
cm toward the cathode giving rise to pale spots on blue-purple 
background after consecutive spraying with 0.05 N iodine contain- 
ing 3.5% sodium azide and 1% starch solution.8 

Nonaqueous Titrations. The compounds 3f and 4a-c in DMF 

solutions were titrated with 0.1 N HClOd in acetic acid and yielded 
molecular weights within experimental error. 

The zwitterions 4a-c in methanol solution were also titrated 
with 0.05 N NaOCH3 to give the same results. 

Biological Activity Evaluation. The in vitro antimicrobial 
tests were done using Bacto Antibiotic Medium 1 (Difco) agar 
plates seeded with Staphylococcus aureus Tour, Escherichia coli 
O111B4HI2, and Proteus mirabilis TH3333 (untitable). A zone of 
inhibition in agar around filter disks that had been wetted with 
compounds solutions was used as the indication of activitv. 
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Synthesis of CY- 1-Noracetylmethadol. A Facile N-Demethylation of 
a- 1 -Acetylmethadol 
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A facile N-demethylation of the narcotic analgesic, a-1-acetylmethadol, was accomplished by allowing it to react with 
mercuric acetate under reflux in dilute acetic acid. The product, a-1-noracetylmethadol, was isolated as the hydro- 
chloride in 50% yield. Methadone, when allowed to react with mercuric acetate under the same conditions, did not 
undergo N-demethylation and was recovered unchanged 

The compound a-1-noracetylmethadol (la), a biotrans- 
formation product of acetylmethadol ( lb ) ,  has been shown 
to possess potent antinociceptive activity in the mouse.* 
Studies in laboratory animals3 and in man4-6 have suggest- 
ed that the biotransformation of acetylmethadol ( lb)  is re- 
sponsible for the time-action characteristics of certain of 
the pharmacologic effects of this compound. In particular, 
the relative long duration of suppression of narcotic with- 
drawal symptoms following administration of Ib has stim- 
ulated both interest in its use in the maintenance treat- 
ment of opiate  dependence'^^ and the search for other long- 
lasting compounds for use in maintenance treatment. 

Our studies on the biotransformation of lb435 and inter- 
est in chemical N-demethylation proceduresg prompted us 
to investigate a facile synthetic procedure to obtain signifi- 
cant quantities of l a  from the more readily available lb. 
Further, it  was of interest to us to obtain l a  as the CY-1 di- 
astereoisomer (3S,6S) from the parent compound l b  hav- 

CH3 'R 

1 0 ,  R = H  
b, R=CH3 

ing the same stereochemistry. Compound la  could also 
serve as a convenient synthon for an alternative and more 
facile synthesis of the corresponding primary amine, which 
has also been shown to be an active m e t a b ~ l i t e . ~ ~ ? ~  

The synthetic objective has now been partially achieved 
by us in a reaction wherein l b  is allowed to react with mer- 


