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Methylthiolation of various 7-substituted cephalosporins in the presence of lithium amide bases proceeded ste- 
reospecifically (7-imino ether, 7-[(triphenylmethyl)amino], or 7-phthalimido) or stereoselectively (7-amido) to give 
43-(methylthio) derivatives. Methylthiolation of 7-imino, 7-imino chloride. or 7-imino ether cephalosporins using 
KO-!-Bu afforded 7a substitution or 7a and 4p, 7 0  substitution depending upon substituents at C-3, C-4, and C-7. 
Methylthiolation of 7-( trity1amino)- and 7-phthalimidocephalosporins using KO-t -Bu proceeded stereospecifically 
t o  give 4~-(methylthio)cephems, although epimerization a t  C-7 accompanied thiolation in the case of phthalimido. 
Methylthiolation of 7-amidocephalosporin S-sulfoxides proceeded regiospecifically to give 201 substitution which 
was sometimes accompanied by 2,2-disubstitution. These various 2-, 4- ,  and 7-methylthiolated cephems were con- 
verted to corresponding i-amidocephalosporanic acid derivatives. Attempted removal of' ester protecting groups 
from .l-(met,hylthio) -A2-cephems using CF3COOH gave allylically rearranged products. % -(methylthio)cephalos- 
poranic acids. 

We previously reported t h e  regiospecific methylthiola- 
tion of Schiff bases la  and  l b  t h a t  afforded t h e  7n-(methyl-  
thio)cephalosporins 2a and  2b, respectively, which served as  
intermediates  t o  various 7-(methyl thio)-  a n d  7-methoxyce- 
phalosporanic acids.' We now report  details of regiospecific 
methylthiolations of t h e  cephem nucleus t h a t  have led t o  2-, 
1-, and 7-methylthio-substituted cephems which we have used 
to prepare 2-, 4-, and 7-methoxycephalosporin intermediates,? 
2-. 4-, and  'i-(mi~thylthio)cephalosporanic acids, and mercury 
mercapt ide azetidinone intermediates. 

7-Methylthiolation of the Cephem Nucleus. Methyl-  
thiolation of Schiff bases la  a n d  l b  with 1 equiv each of KO-  
t -Bu and methylmethanethiol sulfonate (MsSCH3) afforded 
exclusively t h e  7ci-methylthiolation products  2a and  2b, re- 

3 4 

x R R' 
a H H t-Bu 
b H 0 4 c  t -Bu 
c OCH ~ H t-Bu 
d OCH, OAc t-Bu 
e OCH, I1 TCEa 
f CI H t-Bu 

5a, R = a - H  
h, R = fi-H 

UTCE = CH,CCl, 

spectively, as already described.'.l Methykhiolation of imino 
e ther  I C  under  identical conditions provided t h e  7cu-methyl- 
thiolated product 2c, although in low yield (13%), and starting 
materiaL5 On t h e  other  hand ,  similar t rea tment  of t h e  3'- 
acetoxy derivative Id afforded both t h e  Sa- a n d  4& 7a-di-  
subst i tuted products  2d (14%) a n d  3d (6%),  respectively, in 
addi t ion to  s tar t ing material." Finally, methylthiolation of 
imino chloride If, using t h e  same conditions. smoothly gave 
t h e  ' in-subst i tuted product  2f (60%) in addi t ion to  s tar t ing 
rnaterial.",l4 T h u s ,  methylthiolation of cephems with Schiff 
base, imino chloride, or imino e ther  moieties at C-7 always 
resulted in subst i tut ion a t  C-7, a l though concomitant 4 7 -  
disuhst i tut ion occurred depending upon t h e  subst i tuents  a t  
(2-3.  

4-Methylthiolation of the Cephem Nucleus. In  contrast 
t o  methylthiolations of imino ethers with 1 equiv of KO-t-Bu,  
which always resulted in 7a-methyl thiolated products, 
methylthiolation of imino ethers ld,e with 1 equiv of lithium 
LV-cyclohexylisopropylamide (LCIA) and  MsSCHs gave ex- 
clusively t h e  4B-substituted products 4d,e in yields of 35 and  
5 3 0 ,  respectively. Methylthiolation of the  7$-phthalimido 
derivative 5a with K O - t - B u  also proceeded regiospecifically 
providing a separable mixture  containing 6a (30%) and re- 
covered 5a (39Oh), and their respective C-7 epimers, 6b (9%) 
and 5b (6%). due to accompanying epimerization at  C-7.  When 
(triphenylmethyljlithium was used as base. epimerization was 
reduced and yields were increased, giving 6a (580/0), 5a (15%), 
6b ( I%),  and 5b (2%j.; Additionally, methylthiolation o f t h e  
Tw(rnethy1thio) Schiff base 2b2 with KO-I -Bu  afforded t h e  
l!i.'in-bis(niethyIthio) Schiff base Rb in 90% yield. 

A more facile synthesis of Wmethy l th iocephems ,  t h a t  
avoids epimerization a t  (2-7, was provided by methylthiolation 
of 7/j- [(t,riphenylmethyl)aminu) derivatives 7.9 Methylthio- 
lation of 7a,b with LCIA and  MsSCH:~ proceeded regiospe- 

H H  H I3 

8 7* 

a ,  R = H; R' = TCE 

*7a = A3-A2 eephem mixture  

cifically and  stereospecifically to  give t h e  4$-(methyl thio)  
derivatives 8a,b in 90 and  62%, respectivelv. 

b, R = OAC; R' = t-BU 
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Table I. Proton Resonance Shifts (Aso) Induced by Sulfoxide Bonda 

t O O R  
24 

H H  

h O R  
25 

R Ri RP Ri ( a )  RP (B) Ht3 H7 

a CH3 SCH3 H +0.11 (SCH3) -0.12 (H)  Jr0.41 -0.21 
bl2b  TCE CH3 H f0 .25 (CH3) -0.14 (H) $0.58 -0.26 
C12b TCE H CH? f0 .39 (H) -0.33 (CH3) t 0 . 4 5  -0.37 
' As0 = 6,s) .- d(s-0, (DCC13). 

6inally,  met hylthiolation of the  7P-amidocephem 9 with 
LCIA and MsSCH3 gave, in 22% yield, a mixture of 4a and 4P 
epimers 10 and 1 1 ,  respectively. Similar results were obtained 
with K O - t - B u  as base. T h e  identification of 10 and 1 1  as 4- 
substituted derivatives was facilitated by spectral comparisons 
with 2-substituted cephems 16e and 12, which were obtained 
by methylthiolation of cephem sulfoxides as outlined in the  
following section. T h e  major epimer 10 was isolated as a pure 
substance,  whereas the minor epimer 1 1  was obtained as  a 
mixture (1:l) of 10 and 11. The  assignment of stereochemistry 
to these methylthiolation products  is discussed below. 

H H  

I 
COOTCE 
9 

H H H H  

10 11 

a,  R = TCE 
b , R = H  
c . R = K  

H H  

I I 
COOTCE COOTCE 

16e. 12 

3-N 

N 

0 

(2 = PhCH-CNH; II TZ = A, ,N II 

2-Methylthiolation of the Cephem Nucleus. Regiospe- 
cific substi tution a t  (!-2 was easily accomplished via electro- 
philic substi tution of S-sulfoxide derivatives. Thus ,  methyl-  
thiolation of 13a with K O - t - R u  a n d  MsSCHj gave a mixture  
of 2cu-(methylthio) sulfoxide 14a (44%) and  2,2-bis(methyl- 
thio)  sulfoxide 15a (!!6%).TJO In some cases, single products  
were obtained in  high yield as in the  case of 13d, wherein 
methylthiolation (KO-t-Bu-MsSCH.3) gave only the 2a- 
subs t i tu ted  derivatike 14d (90%). T h e  C-2 subs t i tu ted  sul- 

foxides were readily reduced (PBr3-DMF) t o  the  corre- 
sponding sulfides. These resdlts parallel those of Yoshida e t  
al. for similar sulfoxides.ll 

COOR 
13 

(3"' 

14 

('Y )OR' 
15 

i'o0R' 
16 

("OOR' 
17 

s R K 
a \' H CH 1 

b V H PM B 
C G 0 Ac PM B 
d G STz Ph,CH 
e G STz TC E 

n 0 
II I1 

'TCE = --CH ('C1 , V = PhOCH CXH. C; = PhCH CNH 

Stereochemistry at C-4. Yoshida and  co-workers have 
assigned s t ructures  19 a n d  20 to  the  4-substi tuted epimers 
derived from methylthiolation of the  7-(acylamino)cephalo- 
sporin 18." We have correlated the  single 4-methylthio ep-  
imer,  obtained via 7-imino e ther  or 7-[(tr iphenylmethyl)-  
amino] derivatives, with the  major epimer 19 prepared by 
Yoshida e t  al. Thus ,  amine hydrochloride 21a, obtained by 
methylthiolation of 7-[(triphenylmethyl)amino]cephem 7a 
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Table 11. Proton Resonance Chemical Shifts and Benzene Induced Chemical Shifts of 24a and 25a ________ 
compd solvent H7 H6 H2 SCH3 CH:I OCH:% 

25a CDC1.j 5.98 5.34 
25a CsDc, 5.76 5.00 
-1s = ASIS t0.22 t 0 . 3 4  
( ~ D U - C ~ D J  

24a CDClI 6.19 4.93 
24a C6D6 6.04 4.09 
-Is +o = ASIS t0 .15  +0.84 
( ~ D C I ~ - C ~ D ~ )  

Net ASIS -0.07 t 0 . 5 0  
(-1s -0 - As) 

and  subsequent hydrolysis, was converted via 22a and 22b to 
19, which was found to be identical with a n  authent ic  sample 
prepared as  described by Yoshida e t  al. Additionally, t h e  7 -  
(phenylacetamido) derivative 23a, obtained by acylation of 
21a, was found to be identical with t h e  derivative obtained by 
phenylacetylation of t h e  4-(methy1thio)imino ether  4e. We 
have also performed europium shift  reagent s tudies  on 23d, 
the  7-(phenylacetamido) derivative of 19, and  our findings3" 
completely parallel those reported by Yoshida e t  al. for 19. 

:!la, HCl salt 22a, R = TCE 
b. free base b , R = H  

0 H €1 
P h CH. C II S HJ--)J, ' I  

0 CH 
CHS COOR 

23a, R = TCE 
b , R = H  
c , R = K  
d,  R = CH, 

Therefore, methylthiolation of various 7-subst i tuted dea-  
cetoxycephalosporins, in t h e  presence of l i thium bases, pro-  
ceeded ei ther  stereospecifically (7-imino e ther ,  7-[( t r iphen-  
ylmethyl)amino].  or 7-phthal imido)  or stereoselectively (7- 
amido)  to  give 44-(methyl thio)  derivatives. By analogy with 

4.34 2.25 2.2' 3.84 
3.68 1.70 2.11 3.52 

t0 .66  t0 .55  t 0 . 1 1  t0 .32  

4.22 2.36 2.30 3.89 
3.47 1.40 2.00 3.48 

SO.76 t0 .96  t 0.30 +O.41 

t 0 . 0 9  f0 .41  + O . l Y  +0.09 

these results, and  on the  basis of 'H N M R  considerations, we 
have assigned 4@-stereochemistry to the  single 4-(methylthio) 
epimers  obtained via 7-imino ether  or 7-[( t r iphenylmethyl)-  
aminolcephems having a n  acetoxymethyl group a t  t h e  3 po- 
sition. Similarly, we have tentatively assigned 46-stereo- 
chemistry (s t ructure  10) to t h e  major methyl thio epimer 
obtained from the  7-amido-3-[(N'-methyltetrazolylthio)- 
methyllcephem derivative 9. 

Stereochemistry at (2-2. W e  have assigned 2n-(methyl-  
thio)  stereochemistry to  sulfoxides 14 and  sulfides 16 on the  
basis of *H N M R  studies.7J2 T h e  shielding of methylthio and  
C-fi  protons and  deshielding of C-2 and  C-7 protons for t h e  
process sulfoxide - sulfide (24a -+ 25a, Table  I)] '  are  similar 
to  per turbat ion shifts ( ASO) observed for t h e  2a-sulfoxide- 
2n-sulfide pair 24b - 25b a n d ,  therefore, consistent with a 
2c~-(methyl thio)  assignment in 24a. Net ASIS values for 
sulfoxide 24a obtained in DCC13 a n d  DCC13-benzene-de are  
given in Table  11. Upfield shifts for t h e  methyl thio and  C-fi 
protons and  a downfield shift for t h e  C-7 proton are  again 
consistent with assignment of a - (methyl th io)  configuration 
a t  C-2 in 24a. 

Conversion t o  2-, 4-, and 7-(Methylthio)-7-amidoce- 
phalosporanic Acids. T h e  Schiff bases and  imino ethers  of 
structure 2 could all be acylated directly (acid chloride, HzO, 
CH2C12) to  afford 7-(acylamino)-7a-methylthiolated CP- 

phems.' Imino chlorides of s t ructure  2 could be converted 
to t h e  same amides af ter  conversion to  imino ethers  (pyri-  
dine-CH30H) a n d  acylation. In  t h e  case of imino ethers ,  
competing hydrolysis to 73-benzamido compounds occurred. 
For example,  acylation of 2c with phenylacetyl chloride pro-  
vided 26a (23%) and  26b (26%). Similarly, the  4$-(methyl- 
thio)imino ethers 4 could be acylated directly in 4O-fiG?/0 yield; 
however, these products were also accompanied by t h e  7 3 -  
benzamido analogue, for example 23a (Slob) and  22a (27%) 
from 4e. 7&-Phthalirnido-(Ga) or 7- [ ( t r iphenylmethyl ) -  
amino]-48-(methylthio)cephems (8ai are  converted via t h e  
parent  7$-amino-4/3-(methylthio)cephem (21a or 27) to  ac- 
ylated derivatives in t h e  usual manner .  

The  ester protecting groups of the  4d-(methylthio)cephems 
could be removed under  basic conditions only. T rea tmen t  of 
4d-(methylthio)trichloroethyl esters with 1 equiv of N a O H  
in aqueous dioxane gave t h e  acids in high yield. When t h e  
t w t - b u t y l  ester 28 was t reated with CFXOOH-anisole ,  t h e  
2a-(methyl thio)cephem 29, resulting from deesterification 
and allylic rearrangement ,  was isolated. This  acid was found 
to be identical with material prepared by 20-methylthiolation 
of t h e  sulfoxide 13b, deesterification to  30, and  reduction.' 
Acid-labile protecting groups (benzhydryl, p -methoxybenzyl, 
tert-buTyl) were removed from 2a-(methylthio)cephems using 
combinations of CF1COOH-anisole and solvents such as  
CHZC12 or benzene. 

Biological Activity. T h e  free acids or salts of selected 2a- 
and 4P-(methylthio)cephems were evaluated in vitro against 
a variety of bacteria. Some of the  2a-(methyl thio)cephems 



814 J .  Org. C'hem., Vol. 44, No. 5,  1979 Applegate e t  al. 

I 
COO-t-Bu 

%a, R = PhCH,- 
b, R = Ph- 

H H  

27 

2a 

H H  

COOH 

29 

0 
"I 

I 

COOH 
30 

were as  active or slightly more active than  the  parent  unsub-  
s t i tuted molecules against gram-positive bacteria; the  same 
compounds were much less active than  the  parent  molecule 
against gram-negative bacteria. T h e  4-(methy1thio)cephems 
were less actike than  the  corresponding 2-(methylthio) L3- 
compounds.  

Experimental Section 
The 1H NMR spectra were obtained on Varian nuclear magnetic 

resonance spectrometers (Models T-60 and XL-100-15), and the in- 
frared spectra were recorded on Perkin-Elmer spectrometers (Models 
257 and 621). Mass spectra were obtained from an AEI-M S-902 mass 
spectrometer. Melting points are not corrected. 

General Preparation of Imino Ethers Used for Methylthio- 
lations. A mixture of the 7-aminocephem ester (0.10 mol), trimethyl 
orthobenzoate (0.10 mol), and p-toluenesulfonic acid monohydrate 
(50 mg) in dry benzene (450 mL) was refluxed under N2 for 5 h during 
which time 300 mL of benzene was removed by distillation and fresh 
benzene was added to maintain the volume of the mixture at  400 mL. 
The mixture was washed sequentially with dilute aqueous NaHC03 
(pH 7.6), dilute HC1 (pH 2 ) ,  and water, dried (NazSOdj, and evapo- 
rated in vacuo to a residue, which was crystallized to give the desired 
imino ether cephem. 

tert-Butyl .7p-[ (methoxyphenylmethylene)amino]-3- 
methyl-A3-cephem-4-carboxylate ( IC):  91% from tert-butyl 7- 
aminodeacetoxycephalosporanate; mp 105-106 "C (acetone-hexane); 
'H NMR (DCC13) 6 3.87 (3 H, S, OCH3), 4.88 (1 H,  d, J = 5 Hz, C-6), 
5.17 (1 H, d, J = 5 Hz. C-7);  IR (CHC13) 1780, 1720, 1655 cm-'. Anal. 
Calcd for C ~ " H ~ , I N Z O ~ S :  C, 61.84; H, 6.23; N, 7.21; S, 8.24. Found: C ,  
61.73; H, 6.38; N,  7.03; 13, 7.99. 

'tert-Butyl 7p-[ (methoxyphenylmethylene)amino]-3-[ (acet- 
yloxy)methyl]-A3-cephem-4-carboxylate (Id): 53% from t e r t -  
butyl 7-aminocephalosporanate; mp 143-144 "C (acetone-hexane); 

5.23 (1 H, d,  J = 4 Hz, C-7); I R (CHC13) 1780,1740 (ah), 1725,1650 
cm-'. Anal. Calcd for C&Z~N&S: C, 59.18; H,  5.87; N, 6.28. Found: 
C ,  59.18; H, 5.91; N, 6.13. 

2,2,2-Trichloroethyl 7p-[ (methoxyphenylmethy1ene)- 
amino]-3-methyl-A3-cephem-4-carboxylate (le):  74% from 
2,2,2-trichloroethyl 7-aminodeacetoxycephalosporanate; mp 133- 
135.5 "C (EtaO); IH NMR (DCCI3) 6 3.90 (3 H,  s, OCH3), 4.97 (1 H,  

1650 cm-'. Anal. Calcd for C ~ B H ~ ~ N ~ O ~ S C I ~ :  C, 46.62; H, 3.70; N, 6.04; 
C1, 22.93. Found: C, 46.60; H, 3.63; N, 5.94; (3.23.20. 

tert-Butyl 7~-[(Chlorophenylmethylene)amino]-3-methyl- 
As-cephem-4-carboxylate (If). To a stirred solution of 5.03 g (13.5 
mmol) of tert-butyl 7j1'-benzamidodeacetoxycephalosporanate and 
2.43 mL (11.2 mmol) of N,N-diethylaniline in 50 mL of dry CH2C12 
a t  -30 "C under N2 was added 4.07 g (19.6 mmol) of PC15. After 
stirring for 1.5 h, the mixture was poured into ice-pH 6.6 buffer, and 
the CHaC12 layer was dried (Na2S04) and evaporated to  a residue, 
which was taken up in benzene. The benzene solution was washed with 
H20, dried (NazS04), decolorized with Norite, and evaporated to a 
yellow oil, which crystallized (hexane-Et~O-CHzCl2) to give 3.50 g 
(66%) of I f :  mp 127-128 "C dec; 'H NMR (DCC13) 6 5.12 (1 H, d,  J = 

cm-'. Anal. Calcd for C I ~ H ~ ~ N ~ O ~ S C ~ :  C, 58.09; H,  5.39; N. 7.13. 
Found: C, 57.94; H,  5.32; N, 7.01. 

General Preparation of [N-(Triphenylmethyl)amino]ce- 
phems for Methylthiolation. A mixture of the 7-aminocephem ester 
(0.040 mol), triphenylmethyl chloride (0.040 mol), and Et3N or 
N,N-diisopropylethylamine (0.040 mol) in dry CH&12 (150 mL) was 
stirred a t  25 "C under Nz for 4 h and then washed with water, dried 
(NaZS04), and evaporated in vacuo to a residue which was chroma- 
tographed on silica gel to give the desired product as a foam. 

2,2,2-Trichloroethyl 7p-[ (triphenylmethyl)amino]deacetox- 
ycephalosporanate (7a) (A2-A3 isomer mixture): 83% from 
2,2,2-trichloroethyl 7-aminodeacetoxycephalosporanate using Et3N; 
'H NMR (DCC13) 6 1.87 (br s, A2 C-3 CH3), 2.18 (s ,  A3 C-3 CH3), 
2.8-3.4 (m, A3 C-2 and NH), 4.2-5.2 [complex: 4.88 (4, J = 12  Hz, A3 
CNzCC13); 4.7 (br s, A2 CHZCCI:~, C-7 and C-611. 5.80 (br 8. A* '2-21, 
7.1-7.7 (aromatics). 

tert-Butyl 7p-[ (triphenylmethyl)amino]cephalosporanate 
(7b): 72% from tert-butyl7-aminocephalosporanate using N,N-di- 
isopropylethylamine; IH NMR ( DCC13) 6 3.08, 3.42 (2  H,  q, J = 18 
Hz, C-2),-1.25 (1 H , d , J  = 5Hz,C-6),4.67 (1 H,  m, C - 7 ) ,  4.70,5.02 (2  
H, q, J = 14 Hz, C-3 CH2); IR (CHC13) 1785.1740.1725 cm-'. 

A2-A3 Cephem Isomer Mixture 9. il mixture of 7.6 g (17 mmol) 
of 3 - [ ( l -me thy l - lH- t e t r azo l -5 -~ l ) th iome th~ l~ -7~~-~phen~ l -  
acetamido)-A3-cephem-4-carboxylic acid, 2.06 mL (25.6 mmol) of 
pyridine. 1.66 mL (17 mmol) of 2,2,1-trichloroethanol, arid i3.86 g (18.7 
mmol) of N,.V'-dicyclohexylcarbodiimide in 80 mL of dry dime- 
thosyethane was stirred at  25  " C  for 18 h. The crystalline urea was 
removed !iy filtration, and the filtrate was evaporated to a residue, 
which was taken up in EtOAc, and washed successively with H20, 
dilute HC1, H20, dilute NaHC03, and HnO. The EtOAc layer was 
dried (Na2S04) and evaporated to a residue, which was purified by 
chromatography on silica gel using CHCI,] to give 3.12 g (32%) of A2-k3  
isomers 9 as a foam: 'H NMR (DCC1:j) L2 isomer ri 3.92 ( 3  H, s, SCH:,), 

6.33 (1 H,  br s. C-4), 5.55.5.70 (1 H, q. 21 = 4.5. I Hz. C-7), 6.57 (1 H,  
br s, C - 2 ) :  A3 isomer 6 3.75 (2  H, hr s, C-2). 3.92 ( 3  H. s. NCHJ. 4.27,  

5.98 (1 H. q, J = 4.6, 8.5 Hz, C - 7 ) .  
General Procedure for Preparation of Sulfoxides. A solution 

of rn-chloroperbenzoic acid (8 mmol) in 40 mL of dry CH2C12 was 
added dropwise over 10 min to a stirred solution of 8 mmol of the ce- 
phem sulfide in 100 mL of CHzC12 under N.. The reaction was com- 
plete after stirring at  room temperature for 1-2 h. 'The mixture was 
washed with dilute aqueous NaHC0:j solution and then saturated 
NaCl solution, dried (Na2SO4), and evaporated to a residue, which 
was purified by chromatography to give the desired product. 

Sulfoxide 14d: 72% as a foam from diphenylmethyl ;$(phenyla- 
cetamido)-3-[ (l-rnethyl-lH-tetrazol-5-yl)thiomethyl] -A3-cephem- 
4-carboxylate after dry column chromatography on silica gel using 

C-2e). 4.03 (1 H,  d, J = 19 Hz, C-2@), 3.58 (2  H. s, ArCHe-). :3.73 (3 H, 

$5 Hz, C - 6 ) ,  6.02 (1 H, q, J = 5. 9 Hz, '2-7). 

'H NMR (DCC13) 6 3.90 (3 H, S, OCH3), 4.95 (1 H, d,  J = 4 Hz, C-6), 

d, J = 5 Hz, C-6), 5.22 (1 H, d, J = 5 Hz, C-7); IR (CHC13) 1780,1738, 

5 Hz, C-6), 5.75 (1 H,  d ,  J = 5 Hz, C-7); IR (CHC13) 1785, 1720, 1650 

4.07,4.38 ( 2 H , q , J =  14Hz,C-XCH?).5.27 (1 H . d . J  = 4 . 5 H ~ , C - 6 ) ,  

4.62~2H,q,J=14Hz,C-3CH~),5.03(lH,d.21=4.~H~,C-6),5.83, 

EtOAc-CHC13 (811); 'H NMR (DCC1:I) 6 3.37 (1 H. q. J = 2, 19 Hz, 

S, NCHa). 4.07,4.45 (2 H. q , J  = 14 Hz, '2-3 CH2). 4.:18 (1 H. q , J  = 2, 

Sulfoxide 13e: 72% from 9 after preparative TLC on silica gel using 
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EtOAc-CHC13 (21); mp 169-170 "C (acetone-hexane); 'H NMR 
(DCC13) 6 3.51 (1 H, q, J = 2, 19 Hz, C - ~ C U ) ,  4.15 (1 H, d ,  J = 19 Hz, 
C-2/3), 4.20,4.70 (2  H, q ,  J = 14 HZ C-3 CHd,  4.85, 5.15 (2  H, q, J = 
12 Hz, CHzCCla), 4.57 (1 H, q,  J = 2, 5 Hz, C-6), 6.10 (1 H, q, J = 4, 
9 Hz, C-7); IR (CHC1:J 1810, 1742, 1690 cm-'. Anal. Calcd for 
C20HI9N6O&Cl3: C, 40.45; H, 3.23; N, 14.16. Found: C, 40.69; H, 2.93: 
N, 14.04. 

7P-Phthalimido-A3-cephem 5a. To  a solution of tert-butyl 7 -  
aminodeacetoxycephalosporanate (11.3 g, 42 mmol) in 300 mL of dry 
CH2C12 was added phthalic anhydride (6.20 g, 42 mmol) followed by 
triethylamine (3.82 g, 38.2 mmol). After stirring under N:! for 2 h, 
acetic anhydride (107 g, 105 mmol) was added, and the mixture was 
stirred for 16 h. The mixture was then diluted with CHC13 and washed 
sequentially with dilute HC1, HzO, dilute NaHC03 solution, and 
saturated NaCl solution. After drying and evaporating to a crystalline 
mass, treatment with CH30H gave 12.72 g (76%) of 5a: mp 197-199 
"C dec; IH NMR (DCC13) 6 2.27 (1 H,  s, C-3 CHd,  3.05,3.65 (2 H,  q, 
J = 16 Hz, C-2), 5.12 (1 H, d, J = 5 Hz, C-6), 5.77 (1 H, d, J = 5 Hz, 
C-7). Recrystallization from EtOH gave an analytical sample of 5a, 
mp 205-205.5 "C dec. Anal. Calcd for C~oH2oN205S: C, 59.99; H, 5.03: 
N, 7.00; S, 8.00. Found: C. 59.75; H, 5.09; N, 6.98; S, 7.85. 

General  Procedure for  Methylthiolation of Schiff Bases, 
Imino Ethers, imino Chlorides, and  Phthalimides using Potas- 
sium tert-Butoxide. Potassium tert-butoxide (1 equiv) was added 
to a stirred solution of 1 equiv of the Schiff base, imino ether, imino 
chloride. or phthalimide and 1 equiv of methylmethanethiol sulfonate 
in dry dimethoxyethane IDME) (10 mL/mmol of Schiff base) under 
N:! at the stated temperature. The mixture was stirred for the indi- 
cated time and poured into CHC1:j or EtOAc-pH 6.6 buffer-ice. The 
organic layer was washed with saturated NaCl solution, dried 
(NaZS041, and evaporated to  a residue, which was purified by chro- 
matography on silica gel as indicated. 

7a-(Methylthio) imino e ther  2c from IC: -50 "C; 30 min; TLC, 
benzene-EtOAc (19:l). 2c  (13"o): 'H NMR (DCC1:3) 6 2.08 (3 H, s, C-3 
CH:,), 2.23 (3 H, 3 ,  SCH:3 
(CHC1:I) 1780, 17'20. 1650 
- t-Xu), 238 (Ph - C(OC":I)=N-C(SCH~)=CHS+). 

83 (3  H. S, OCH3), 5.00 (1 H,  S, C-6); IR 
l; mass spectrum mie 434 (hl+), 377 (M 

7a-(Methylthio) imino ether  2d and  Ip,7a-bis(methylthio) 
imino e ther  3d from Id: -50 "C; 30 min; TLC, benzene-EtOAc 

H NMR (DCC1:j) 6 2.25 (3 H,  S, SCH:,), 3.87 (3  H, S, 

( 2  H, (1, J = 13 Hz, C-3 CHz), 5.00 (1 H,  S, C-6); IR 
30 (br ) ,  1645 cm-I; mass spectrum m/e 492 (M+), 
.417, 238. 178 (base). 3d (6%): 'H NMR (CDC1.1) 6 

2.00, 2.07, 2.32 (three 3 H singlets, 2 SCH:, and 1 OAc), 3.83 ( 3  H, s, 
OCH:3), 5.28 (1 H s. C-6) ,6.77 (1 H,  br s. (2-21; IR (CHC11j 1778,1738, 
1650 cm-I: mass spectrum m/e 538 (W). 

7a-(Methy1thio)imino chloride 2f f rom I f  -70 "C: 30 min; no 
chromatography. 2f (60%): 'H NMR ICDC1.I) 6 2.13 ( 3  H, s, C-3 CHs), 

cm-I: mass spectIum n i i ~  438 and 440 (M+). 381 iM - t -Xu) ,  242,225, 
207, 197. 196, 1811, 57 (base). 

?8,7a-Bis(methylthio) Schiff base Bb from 7a-(methylthio) 
Schiff base 2b:' -5 "C, 50 inin. Bb (90%) as a foam: mp 159-161 "C 
(Et20-CH?Cl& H NSlR (I)CC1:I) ii 2.00.2.05,2.30 (three 3 H singlets, 

$5 11 H, 5, C-6) .  6.82 ( 1  H. s. C - 2 ) ;  IR (CHCl?) 1775, 
173,5, 1625 cm-'. Anal. ('alcd for C2:jH&20iSj: C .  54.31: H, 5. 
t551. Found: C, 54.08: H. 5.55; N, 5.34, 
4~-(Methylthio)-7P-phthalimidocephem 6a, 4/3-(methyl- 

thio j-7a-phthalimidocephem 6b, and 7a-phthalimidocephem 5b 
from 5a: 25 "C: 1 h: TIX'. henzene-EtOAc (19:l). 6a (30%): 'H NMR 
IDCC1:I) 6 2.00 (4 H. h r  R. C-:3) ,  2.30 (3 H. s, SCHe), 5.40 (1 H,  d, J = 
1.5 Hz, C-6),5.63 1 H. d, J = 4.5 Hz, C-71, 6.33 (1 H, d,  J = 1 Hz. C-2); 
IR (CHC1,;) 1790. 1775. 1740. 1730 cm-'; mass spectrum m/e 446 
(hl+) ,  57 (hasel: nip 169-170 "C dec (EtnO). Anal. Calcd for 

56.48: H. 4.97: N. 6.27: S, 14.36. Found: C,  56.74: 

2.48 ( 3  H,  S, SCH:1), t5.2rI (1 H. S,  C - 6 ) ;  IR (CHCI:3) 1780, 1720, 1640 

14.26. fib (9"~) :  'H NMR (DCCI?) 6 2.00 (3 H, d, J 
SCH,{), 5.88 (1 H,  d , J  = 2 Hz, C-6), 5.67 

i l  H. d, J = 1.5 Hz, C-2); IR (CHClz) 1785, 

' H  NMR (DCCI:<) 6 2.12 ( 3  H, S, C-:3), 5.06 (1 H, d, J = 2.5 Hz, C-6). 
5.62 ( 1  H, d , J  = ii.5 Hz. (7.7); IR I(IHC1.3) 1790, 1775, 1740 (sh), 1725 

1775. 1710 (sh), 1725 cm-.': mass spectrum m/e  446 (M+). 5b (6%): 

cm-l: mp 189 "C (EtOAc--hexa 1. Calcd for C20H20N2OjS: C,  
59.99; H ,  5.03: S. 7.00. Found: H,  4.55; N, 6.71. 5a (39%). 

4/3-(Methylthio)-7/3-phthalimidocephem 6a, I@-(Methyl-  
thio)-7a-phthalimidocephem 6b, and 7a-Phthalimidocephem 
5b from 5a Using (Triphenylmethy1)lithium as Base. Ester 5a (5 
mmol) in 50 mL of dry dimethoxyethane was added to a red solution 
o f  (tripheny1methyl)lithium in 20 mL of dry dimethoxyethane (from 
3 mmol of triphonylrnethane and 7.5 mmol of n-butyllithium in 
hexane) under a-pon at 25 "c'. After stirring for 2 min, methyl- 

methanethiol sulfonate ( 5  mmol) in 20 mL of dimethoxyethane was 
added, and the mixture was stirred for 1 h a t  25 "C and then poured 
into cold pH 6.6 buffer-CHCls. The CHC13 extract was washed with 
H20 and then saturated NaCl solution, dried (Na*S04), and evapo- 
rated to a residue. Trituration with hexane removed triphenyl- 
methane, and the remaining residue was crystallized from Et20 to give 
679 mg of 6a. Preparative TLC on silica gel using benzene-EtOAc 
(19:l) provided an additional 557 mg of 6a (55% total yield), 6b (258 
mg, 12%), 5b (45 mg, 2%), and 5a (300 mg, 15%). 

General  Procedure from Methylthiolation of 7-Imino Ether  
and 7-(Tritylamino) Cephems Using Lithium Cyclohexyl- 
isopropylamide. A solution of lithium cyclohexylisopropylamide was 
prepared by adding 1 equiv of n-butyllithium in hexane to N-cyclo- 
hexylisopropylamine (1 equiv) in dry dimethoxyethane (3 mL/mmol) 
at  -60 "C under N2. After stirring for several minutes, 1 equiv of ce- 
phem in dry dimethylformamide (3 mlimmol) was added rapidly. 
After 2 min, methylmethanethiol sulfonate (1 equiv in dimethoxy- 
ethane) was added. and the mixture was stirred for the time and at  
the temperature given. The mixture was poured into benzene, CHC13, 
or EtOAc-pH 6.6 buffer-ice, and the organic layer was washed with 
water, dried (Na2S04), and evaporated to a residue. which was puri- 
fied hy chromatography on silica gel as indicated. 

Ifl-(Methylthio) imino e ther  4d from Id: -55 "C; 50 min; TLC. 
CHCI3. 4d (35Oh): 'H NMR (DCC13) 6 2.07 (3 H. S, OAC). 2.12 (3 H,  S, 
SCH3), 5.02 (1 H, d, J = 5 Hz, C-6),5.22 (1 H. d . J  = 5 Hz, C-7),6.95 
(1 H,  s, (2-2); IR (CHC13) 1770.1735,1650 cm-I: mass spectrum m/e 

t-Xu), 105 (base). 
Ip-(Methylthio) imino ether I e  f rom le: -55 "C; 50 min; dry 

column silica gel, hexane- EtOAc (17:3). 4e (53%): 'H NMR (DCCl:?) 

4.98 (1 H, d, J = 5 Hz, C-6), 5.28 (1 H, d , J  = 5 Hz, ( ' -3 ,655  (1 H,  d. 
J = 0.5 Hz, C-2). 
4/3-(Methylthio)-7~-(tritylarnino)cephem 8a from 7a: -10 " C .  

1 h. 8a (9090): 'H NMR (DCC13) 6 1.93 (3 H, d ,  .I = 0.5 Hz, C-3). 2.10 
(3H,s,SCH3),4.50(2H,brs,C-6,C-7),6.15il H . d , J  =0.5Hz.C-2): 
IR (CHCl:,) 1775,1760 (sh) cm-l. 
4P-(Methylthio)-7@-(tritylamino)cephem 8b from 7b: -10 "C. 

1 h; dry column silica gel (CHC1:J. 8b (62Oh): IH NMR (DCC1,I) C 2.02 

H, q,  J = 4, 9 Hz. C-7). 6.57 (1 H,  br s, C - 2 ) ;  IR (CHC1.I) 1772. I738 
cm-'; mass spectrum m/e 616 (M+), 317, 299. 243 (base). 
4@-(Methylthio)-7(3-aminocephem Hydrochloride 21a and  

Free Base 21b. A mixture of crude 8a (12.0 g )  and 3.0 mL of con- 
centrated HC1 in 180 mL of acetone was stirred at 25 "C for :i h under 
N2. After removal of solvents, the resulting residne was treated with 
acetone-Et20 to give 6.16 g (80%) of 21a as a powder. When a sample 
of 8a, purified by preparative TLC on silica gel using CHCl:?-hexane 
(3:1), was treated similarly, 21a was obtained as a powder: mp 128 "C 
dec; 'H NMR (hlezSO-ds) 6 1.93 (3 H, d. J = 1 Hz, C - 3 ) .  2.05 (:i H. s, 
SCH:l), 4.88 (1 H,  d, J = 4.5 Hz, C-61, 5.27 ( 1  H: d. ./ = 4.5 Hz,  C 7 ) ,  
6.67 (1 H, d, J = 1 Hz, C-2); IR (CHCl,,) 1790. 1760 em-]. Anal. Calcd 
for C11H1~N~O:&Cl~: C,  30.86; H, 3.30: N, 6.56. S. 14.95. Found: C .  
31.01; H, 3.25; N, 6.75; S, 14.75. 

Treatment of crude 21a with CHC1:j-aqueous NaHCO.1 gave the 
free base 21b: 'H NMR (DCC1:I) 6 2.00 (3 H. d. .I = 0.5 Hz. C-3). 2.07 
14 H, S, SCH.O,4.48 (1 H, d ,  J = 5 Hz, C-6), 5.28 1 1  H. d,  J = 5 Hz. C-7) .  
6.40 (1 H, d ,  J = 0.5 Hz. C-2): IR (CH('l,jl 1770 ihrl cm-': mass 
spectrum 390 (M+),  74 (base). 
4~-(Methylthio)-7@-(phenylacetamido)cephem 2Ra f rom 

Hydrochloride 21a. To a stirred mixture o f6 .d2  g (15 mmoll of21a 
in 100 mI, of dry CHnCIz at  0 " C  under N2 was added 4.3 mI, (31.6 
mmol) of triethylamine followed by 2.:39 mL (18.1 mmoll ofphenyl- 
acetyl chloride. After stirring at  25 "C for 1.5 h. the mixture was 
washed twice with HsO, HnO at pH 7.6. and saturated aqueous NaCl 
to give, after drying (Na2SOJ and evaporation. 7.42 g (97%) of 2Ba 
as a residue: 'H NMR (DCCI:<I 6 1.98 ( 3  H, d ,  J = 1.5 Hz, C-31, 2,0:1 
( 3  H; S, SCHn), 5.30 ( I  H, d ,  J = 4.5 Hz. C-6), ;S.49 ( 1  H. q, J = 4, 8 Hz, 
C-7), 6.:33 (1 H. d, J = 1.5 Hz, C-2) :  IR (CHCIii 1782. -1762 tsh). I680 

492 (M+), 445 (M - SCH:jI, 417 (M - SCH:l- ('0). 391 (M - COO- 

6 2.00 (3 H, d , J  = 0.5 Hz, C-3), 2.17 (3 H, S, SCH,;), :3.90 (3  H, S, OCH:,), 

(~H,S,OAC),~.O~(~H,S,SCH:;),~.~~(~H,~,J=IH~,C-~),~.~~(~ 

cni-I; mass spectrum m/e 508 (M+), 91 (base). 
I/3-(Methylthio)-7/3-benzamidocephem 22a from Hydrochlo- 

r ide 21a. Treatment of 21a with benzoyl chloride instead ofphenyl- 
acetyl chloride, as described above, gave 22a (50%) after preparative 
TLC on silica gel using CHC13-EtOAc (9:li: 'H  KMR (DCCl:<) 6 2.05 
( X  H,  d, J = 0.5 Hz, C-3 CH:?). 2.17 ( 3  H, S. SCH,j), 4.92 ( 2  H, J = 12  
Hz, -CHrCCL:,1,5.48 (1 H. d ,  J = 4 Hz. C-6), 5.72 (1 H. q,  J = 4 , 8  Hz, 
C-7),6.43 (1 H, d , J  = 0.5 Hz. C-2); IR (CHCI 4 1  1770. 1760 (sh). 1670 
cm-'. 
I@-(Methylthio)-7/3-(phenylacetamido)cephem 24a and 48- 

(Methylthio)-7,!3-benzamidocephem 22a from Imino Ether  l e .  
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A mixture of 510 mg (1 mmol) of 4e, 137 r L  (1 mmol) of phenylacetyl 
chloride, and 18 pL (1 mmol) of H20 in 5 mL of CH2C12 was stirred 
a t  25 "C under X2 for 1 h. The mixture was diluted with CHzC12, 
washed with dilute NaHC03 solution (pH 7.5) and then H20, dried 
(Na2S04), and evaporated to a residue. Preparative TLC on silica gel 
using hexane-EtOAc (1 1) provided 260 mg (51%) of 23a and 135 mg 
(27%) of 22a. 22a was identical by comparisons ('H NMR, IR, TLC) 
with 22a obtained via 8a and 21. 

General Procedure for  Deesterification of Trichloroethyl 
4-(Methy1thio)-A2-cephem-4-carboxylates. A mixture of 0.5 mmol 
of trichloroethyl ester, 5 mL of dioxane, and 0.5 mmol of aqueous 0.1 
N NaOH solution was ,stirred at  25 "C for 1 h under N2 and then 
evaporated in vacuo to a residue, which was taken up in HzO and 
washed repeatedly with EtOAc. The aqueous layer, after layering with 
fresh EtOAc, was adjusted to pH 2 and extracted repeatedly with 
EtOAc. The acidic EtOAc extract was dried (Na2S04) and evaporated 
to give the desired acid as a residue. 
4fl-(Methylthio)-7fl-(phenylacetamido)cephem acid 23b: 97% 

from 23a; 'H NMR (DCC13) 6 1.97 (3 H, s, J = 0.5 Hz, C-3), 2.07 (3 H,  

6.27 (1 H, d,  J = 0.5 Hz, C-2);  IR (CHCl3) 1775, 1742,1680 cm-'; mass 
spectrum of bis( trimethylsilyl) derivative mle 522 (M+), 91 (base). 
4fl-(Methylthio)-7fl-{phenylacetamido)cephem potassium salt 

23c: 73% from 23b using potassium 2-ethylhexanoate; mp 192-194 
"C dec; 'H NMR (D20 -CD30D) 6 1.86 (3 H, d, J = 0.5 Hz, C-3), 1.91 

6.34 (1 H, d,  J = 0.5 Hz, C-2); IR (KBr) 1750,1660,1620 cm-'. Anal. 
Calcd for C~;H~;N;PO+SJK: C, 49.03; H,  4.12; N, 6.73; S, 15.37. Found: 
C, 48.89; H,  4.38; N, 6.53; S, 15.10. 
4fl-(Methylthio)-7fl-(phenylacetamido)cephem methyl ester 

23d: 100% from 23b using CH,OH-EtzO -CHzNz; 'H NMR (DCC13) 
6 1.92 (3 H,  d ,  J =: 1.5 Hz, C-3), 1.97 (3 H,  s, SCH3), 3.80 (3 H, s, OCH3), 
5 . 2 0 ~ 1 H , d , J = 5 H z , C - 6 ) , 5 . 4 2 ( 1 H , q , J = 5 , 8 H z , C - i ) , 6 . 2 5 ( 1 H ,  
d,  J = 1.5 Hz, C -2);  IR I CHC13) 1780, 1746, 1680 cm-I. 
4fl-(Methylthio)-7P-benzamidocephem acid 22b: 83% from 22a; 

S, SCHS), 5.25 (1 H, d, J = 4 Hz, C-6), 5.45 ( I  H,  q, J = 4,7  Hz, C-7), 

(3H,~ .SCH3) ,5 .25(1H d , J = 4 H ~ , C - 6 ) , 5 . 3 7 ( 1 H , d , J = 4 H ~ , C - 7 ) ,  

'H YMR (DCCl,,-D,COD) 6 2.00 (3 H,  d, J = 0.5 Hz, C-3), 2.10 (3 H,  
S ,  SCH:3), 5.43 (1 H,  d,  J = 4 Hz, C-6),5.62 (I H, d, J = 4 Hz, C-7), 6.40 
(1  H,  d, J = 0.5 Hz, C - 2 ) ;  IR (CHC13) 1770, 1730, 1670 cm-'. 
4p-(Methylthio)-7P..benzamidocephem methyl es ter  19: 100% 

from 22b using CHjOH--Et2O-CH2N2; 'H NMR (DCC13) 6 1.97 (3 
H. d.  J = 0.5 Hz. c'-:31. ~i .08 i 3  H ,  S, SCH3): 3.85 (3 H, s, OCH3), 5.35 
11 H. d , J  = 1 Hi.  C-6). .i.67 (1 H. q , J  = 4.8Hz, C-7),6.30 (1 H, d , J  
= 0.5 Hz. C - 2 ) ;  IR (CHC13) 1'770, 1738. 1670 cm-'; IR (Nujol) 1768, 
1730.1645 cm-': mass spectrum rnle 378 (M+), 331 (M - SCHs), 319 
(M - C0OCH:j). 105 (base). Comparison ('H NMR, IR. TLC) of this 
sample with 19, prepared by the method of Yoshida et al.," showed 
the samples to be identical. 

Conversion of 7p-Phthalimido-lfl-(rnethylthio)cephem 6a to 
7~-Amino--i~-(inethyIthio)cephem 27. A mixture of 90 mg (0.20 
mmol) of 6a, 0.1 mL of 0.5 hl H?KNHz.H20 in dioxane, and 6 mL of 
dry dioxane was stirred at 25 C for 4 h under argon and then evap- 
orated in vacuo :o dryness. A mixture of 0.2 mL of 1 N HC1 in 6 mL 
of H?O-dimethoxyethane ( 1:l) was added, and the mixture was stirred 
for 1 h. concentrated. and redissolved in EtOAc-H20 at  pH 2. After 
extracting, the aqueous layer was covered with EtOAc and adjusted 
t o  pH 7.7.  Repeated extraction gave. after drying (NaZS04) and 
evaporation, :30 ing I 71001 of 27 as a residue: 'H NMR (DCC13t 6 2.00 
13 H. hr s, C-31, 2.30 ( 3  H, s, SCH3), 5.40 (1 H, d , J  = 4.5 Hz, C-6). 5.63 
(1 H. d , J  = 4.5 Hz. C - 7 ) .  6 3 3  (1 H, d ,  J = 1 Hz, C-2). 

7p-( Phenoxyacetamido)-4fl-(methylthio)cephem 28 from 27. 
Acylation of 27 with equivalent amounts of phenoxyacetyl chloride 
and triethylamine in CH2C12 according to the procedure for acylation 
of 21a provided 28 (50%) as a residue: 'H NMR (DCC13) 6 1.50 (9 H,  
s. t-Bu), 2.00. 2.05 ( two 3 H singlets, SCH3, CH3), 5.30 (1 H , d , J  = 4 
Hz. C-61, 5.60 ( 1 .  H. q. J = 3 ,  8 Hz, C-7), 6.28 (1 H,  d, J = 0.5 Hz, 
C - 2 ) .  
7~-(Phenoxyacetamido)-2a-(methylthio)cephem Acid 29 from 

28. Treatment of 28 according to the general procedure for removal 
of p-methoxybenzyl and benzhydryl ester protecting groups but using 
neat CFlCOOH ,it 10 "c' for 0.5 h provided 29 (66%) as a residue. This 
sample was identical b:? 'H NMR and IR comparisons with 29 ob- 
tained by reduction of ila-(methy1thio)cephem sulfoxide 30. 

General Procedure for  Methylthiolation of Sulfoxides. Po- 
tassium tert-butoxide \ 1 equiv) was added to a stirred solution of the 
sulfoxide 13 (1 equiv) under N2 or argon in the solvent(s) (10 mL/1 
mmol) given and at the temperature indicated. After 2-5 min, 
methylmethanet hiol sulfonate (1 equiv) was added, and the mixture 
\vas stirred for the time and at the temperature given, and then diluted 
ivith CH2C12 (CHC13 or EtOAc) and HzO. The organic layer was 
washed with HpO. dried, and evaporated in vacuo to a residue, which 

was purified by chromatography on silica as indicated. 
2a-(Methylthio)-7@-(phenoxyacetamido)cephem sulfoxide 

14a a n d  2,2-bis(methylthio)-7@-(phenoxyacetamido)cephem 
sulfoxide 15a: dimethoxyethane, anion formation at  25 "C, thiolation 
initially at  -23 "C, and warming to 25 "C over 1 h; preparative TLC 
on silica gel using CHCl3-EtOAc (3:l). 14a (44%): mp 165-166 "C 
(CHC13-Et20); 'H NMR (Table 11, 24a). Anal. Calcd for 
C18H20N206Sz: C, 51.19; H,  4.30; N, 6.63; S. 15.11. Found: C, 51.15; 
H, 5.02; N, 6.57; S, 15.26. 15a (26%): mp 112-113.5 "C (EtzO); 'H NMR 
(DCC13) 6 2.32,2.37 (9 H,2 s,CH3,2SCH3),3.90 (3 H,s ,0CH3),5.21 

1805, 1735, 1695 cm-'. Anal. Calcd for C19H22N206S3: C, 48.49; H,  
4.71; N, 5.95; S, 20.44. Found: C, 48.39; H,  4.47; N, 5.72: S, 20.44. 
2a-(Methylthio)-7@-(phenoxyacetamido)cephem sulfoxide 

14b a n d  2,2-bis(methylthio)-7@-(phenoxyacetamido)cephem 
sulfoxide 1 5 b  same conditions as for preparation of 14a. 14b (38%): 
mp 128-129 "C dec (CHC13-EtOAc); 'H NMR (DCCl3) 6 2.27, 2.32 
(two 3 H singlets, CH3, SCHB), 3.78 (3 H, s, OCHs), 4.20 (1 H, s, C-2), 

1800, 1730, 1690 cm-l. Anal. Calcd for C ~ ~ H Z ~ N Z O ~ S ~ :  C, 56.59; H,  
4.94; N, 5.28. Found: C, 56.64; H,  4.87; N, 5.11. 15b (20%) as a residue: 

OCH3), 5.17 (1 H,  d ,  J = 5 Hz, C-6), 6.10 (1 H. q, J = 5, 10 Hz, C-7); 
IR (CHC13) 1800,1730, 1690 cm-'. 

2 4  Methylthio)-7@-(phenylacetamido)cephem sulfoxide 14c: 
dimethoxyethane-DMF, -20 "C then warming to 25 "C, 1.5 h, dry 
silica gel column (EtOAc). 14c (65%) as a residue: 'H NMR (DCC13) 
6 2.02 (3 H,  s, SCH3), 4.52 (1 H, br s, C-2), 4.84 (1 H, d. J = 5 Hz, C-6), 

2a-(Methylthio)-7fl-(phenylacetamido)cephem sulfoxide 14d: 
dimethoxyethane-DMF (2:1), 0 "C, 1.75 h, dry column on silica gel 
using EtOAc-hexane. 14d (90%) as a foam: 'H NMR (DCC13) 6 2.53 
(3 H, S, SCH3),4.87 (1 H,  d , J  = 5 Hz, (2-6). 5.03 (1 H, d,  J = 0.5 Hz, 
C-21, 6.20 (1 H,  m, J = 0.5, 5. 8 Hz, C-7). 
2a-(Methylthio)-7@-(phenylacetamido)cephem sulfoxide 14e: 

dimethoxyethane-DMF (2:1), 0 "C, 1.75 h, preparative TLC on silica 
gel using EtOAc-CHC13 (2:l). 14e (55%) as a residue: 'H NMR 

d , J  = 1 Hz, C-2),6.22 (1 H,  m, J = 1,5,9 Hz. C - 7 ) ;  IR (CHC13) 1810, 
1742, 1690 cm-'. 

General Procedure for  Reduction of Sulfoxides. Phosphorous 
tribromide (7 equiv) was added to a solution of sulfoxide 14 (1 equiv) 
in dry DMF (10 mllmmol) under N2 a t  -20 to -35 "C. The cooling 
bath was removed, and the mixture was stirred for 5-10 min and 
poured into excess aqueous KZHP04-EtOAc. The EtOAc layer was 
washed with H20, dried (Na2S041, and evaporated in vacuo to give 
the sulfide. 
2a-(Methylthio)-7fl-(phenoxyacetamido)cephem 16a: 77%, mp 

128.5-130 "C (CH2C12-EtZO-hexane); 'H NMR (Table 11, 25a); IR 
(CHC13) 1790, 1735, 1695 cm-'. Anal. Calcd for C I ~ H ~ O N ~ O ~ S ~ :  C. 
52.92; H,  4.94; N, 6.86; S, 15.70. Found: C. 52.63: H,  4.86; N. 6.60; S. 
15.95. 
2a-(Methylthio)-7fl-(phenylacetamido)cephem 16d: 80% as a 

residue; 'H NMR (DCC13) 6 2.03 (3 H,  s, SCH3), 3.78 (3 H,  s. NCH3). 

m, J = 0.5, 5, 8 Hz, (2-7); IR (CHC13) 1794. 1720, 1685 cm-'. 
2a-(Methylthio)-7fl-(phenylacetamido)cephem 16e: 85% as an 

oil; 'H NMR (DCC13) 6 2.42 (3 H,  s, SCHs), 3.90 (3 H. s. NCHJ). 4.30. 

(1 H,  d ,  J = 5 Hz, C-6), 6.15 (1 H,  q, J = 5,11 Hz, (2-7); IR (CHC13) 

4.87 (1 H, d, J = 5 Hz, C-6),6.12 (1 H, q, J = 5,lO Hz, C-7); IR (CHC13) 

'H NMR (DCC13) 6 2.30, 2.37 (9 H, 2 S, CH3, 2SCH3). 3.82 (3 H,  S, 

6.10 (1 H, q, J = 5, 8 Hz, C-7). 

(DCC13) 6 2.58 (3 H,  S, SCHa), 4.92 (1 H,  d. J = 5 Hz, C-6),5.08 (1 H, 

5.30 (1 H, d, J = 5 Hz, C-6), 5.27 (1 H, d,  J = 0.5 Hz, C-2),6.03 il H. 

4.70 (2 H, q, J = 14 Hz, C-3), 4.77,5.08 ( 2  H. q,  J = 12  Hz, CH2 CCl:?). 
5 . 3 2 ( 1 H , d , J = 0 . 5 H ~ , C - 2 ) , 5 . 3 7 ( 1 H , d , J = 4 . 5 H ~ , C - 6 1 . 6 . 0 2 ( 1 H ,  
m, J = 0.5, 4.5, 8 Hz, C-7); IR (CHC13) 1795. 1740, 1690 cm-'; mass 
spectrum m/e 622 (M+), 507 (M - S C ~ H S N ~ ) ,  116 (base). 
2-(Methylthio)-7fl-(phenylacetamido)-A2-cephem 12 from 

Isomerization of 16e. Ester 16e (57 mg) was stirred with 5 drops of 
pyridine in 2 mL of CHC13 for 4 days at room temperature. The CHC13 
and pyridine were removed in vacuo, and the residue was purified by 
preparative TLC on silica gel using CHCI3-EtOAc (9:l)  to give 6 mg 
of recovered 16e and 14 mg (25%) of 12 as a residue: 'H NMR (DCC13) 
6 2.26 (3 H, S, SCHs), 4.00 (3 H, S, NCHB), 3.97, 5.08 ( 2  H. q,  J = 14 Hz. 
C-3), 4.75, 4.90 (2 H, q, J = 12  Hz, CH2CCI,j), 3.37 (1 H. d. J = 4 Hz. 
C-6), 5.54 (1 H, q, J = 4,8 Hz, C-7),5.60 (1 H, S, C-4); IR ICHC13) 1790. 
1765 (sh), 1685 cm-l; mass spectrum mle 622 tM+) .  507 ( M  - 
SCzHaNd), 506, 116, 91. 

4fl-(Methylthio)cephem 10a and  4a-(Methylthio)cephem 1 la 
from Methylthiolation of 7@-(Phenylacetamido)cephem 9. To 
a stirred solution of N-isopropylcyclohexylamine (0.76 mL, 4.14 
mmol) in dry dimethoxyethane (15 mL) at  -70 "C under N? was 
added 1.73 mL of 2.4 M n-butyllithium in hexane. After stirring for 
5 min, Az-A3 cephem mixture 9 (1.60 g, 2.76 mmol) in dry DMF (6 mL) 
was added rapidly, and the mixture was stirred for 2 min. A solution 
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of methylmethanethiol sulfonate (0.52 g, 4.14 mmol) in dimethoxy- 
ethane (2 mL) was added, and the mixture was stirred at  -65 O C  for 
20 min and poured into EtOAc-pH 6.6 buffer-ice. The pH was ad- 
justed to 2 (1 N HCI), and the EtOAc layer was washed with HzO, 
dried (Na2S04), and evaporated to a residue (1.28 9). Preparative TLC 
on silica gel using CHC1:j-EtOAc-hexane (1:l:l) provided 209 mg of 
starting material and 378 mg (22%) of a mixture of 10a and lla in the 
ratio (41) as determined by 'H NMR spectroscopy. Repeated pre- 
parative TLC gace a sample of 10a as a residue: 'H NMR (pCC13) 6 
2.11 ( 3  H, s, SCH.{), 3.90 (3 H, s, NCH3), 4.40 ( 2  H, br s, C-3), 4.87 (2 

C-71, 7.20 (1 H, s, C-2); IR (CHC13) 1785, 1764, 1685 cm-'; mass 
spectrum mle 622 iMC), 575 (M - SCH3), 507 (M - S C Z H ~ N ~ ) ,  116, 
91. A mixture (1:l) of 10a and l la was isolated as a residue having IR 
ICHC13) 1785, 1744, 1685 cm-'. Examination of the 'H NMR spec- 
trum of this mixture and the 'H NMR spectrum of the 10a isolated 
indicated that I l a  had: 'H NMR (DCC13) 6 2.25 (3 H,  s, SCH3), 3.90 

H, S. CH&CI?), 5 27 (1  H, d. J = 4 Hz, C-6),5.46 (1 H, q, J = 4 , 7  Hz, 

i 3  H, S, NCH3), 4.05, 4.40 12 H, q, J = 14 Hz, C-3)> 4.58,4.90 (2 H, q,  
J = 12 Hz, CHnCCl:Ii, 5.15 (1 H . d . J =  4.5 Hz, C-6), 5.75 (1 H , q , J =  
4.5, 8.5 Hz, C-7): :.17 (1 H, s, C-2) .  

4@-(Methylthio)cephc?m Acid 10b and 4a-(Methy1thio)cephem 
Acid llb. Treatment of 205 mg (0.33 mmol) of the mixture (41) of 
10b and I l b ,  respectively, according to the general procedure for 
deesterification of trichloroethyl esters, provided a mixture of acids 
as a residue (131 nig). which was purified by preparative TLC on silica 
gel using acetone-AcOH I 16:l). Elution of the band with Rf - 0.6, 
evaporation of solvents, and workup with EtOAc-HzO at pH 7 and 
then pH 2 provided 74 mg (Jf lob: lH NMR (DCCI:]-CD30D) 6 2.08 

13 H. s.  NCH-Ii, 4.40 (2 H, br s, C - 3 ) ,  5.23 (1 H, d,  

1682 cm-]. Similar treatment of the band with 
R j - O . ; g a v e 4 m ~ : o f a m i x t u r ~ ( l : l )  ofl0bandllb.Isomer l lbhad:  

4.2812H, h r s :C- :~ ) . j . l : i l 1H,d . , /=4Hz ,C-6 i ,6 .57 (1H,d , J=4Hz ,  
C-71, 7.03 (1 H ,  s, C-2) .  

A@-(Methy1thio)cephem Potassium Sal t  10c. Treatment of acid 
10b with potassium 2-ethylhexanoate provided the potassium salt 
10c: 84?6; mp 137T189 'C dec; 'H KMR (D20) 6 2.00 (3 H,  s, SCH3), 
3.97 ( 3  H, s, NCH:.i, 4.42 ( 2  H, br s, C-3), 5.37 (2 H, brs, C-6, C-7) ,  6.87 
t 1 H, s. C - 2 ) ;  IR (KBr) 1745, 1670 (sh), 1620 cm-I. Anal. Calcd for 
( I , ~ H I ~ N ~ O & K :  (l: 40.00; H: 3.61: N: 15.84. Found: C, 42.76; H: 3.74; 
N, 15.:10. 

General Procedure for  Removal of p-Methoxybenzyl o r  
Benzhydryl Ester  Protecting Groups. Trifluoroacetic acid (2 mL) 
was added to a solution of' 1 mmol of ester and 0.5 mL of anisole in 14 
mL of' solvent (benzene or  CHzC12) at  0 "C under Nz. After stirring 
for 1 h. the reaction was usually complete, and the solvents were re- 
moved in vacuo. Benzene was added and evaporated in vacuo to 
complete removal of CFjCOOH. The residue was taken up in 
EtOAc-dilute aqueous NaHCO3 (pH 7.5), and the aqueous layer was 
washed with EtOAc two Yimex. The aqiieous layer was covered with 
fresh EtOAc, and 1 he pH 'was adjusted to 2. The acidic EtOAc extract 
was dried (NaZSO,) and evaporated in vacuo to give the desired free 
acid. 

Sa-(Methy1thio)cephem sulfoxide acid 14b (R' = H): ben- 
zene-anisole-CFtCOOH. 50 min from l4b (99%); mp 153-154 "C 

3 (1  H. d: J = 4.5 Hz, C - 7 ) .  7.03 (1 H,  S, C-2); IR 

' H  NMR (DCCI:j~-CD:jOT)i ri 2.22 ( 3  H. S, SCH3). 3.97 (3 H,  S, NCH3), 

ICHC1.2-EtOAci; ' H  N M R  (DCC13) i; 2.33. 2.38 (6 H, 2 S, CH3, SCHa), 
03 (1 H. d . J  = 5 Hz, C-6). 6.23 (1 H, q, J = 5,lO 

Hz. r - 7 ) :  IR ICHCI.,) 1800. 1720 (sh),  1690 cm-'. Anal. Calcd for 
C'1:Hi*NZO&: C. 19,74: H 1.42: N. 6.83. Found: C: 49.92; H, 4.46: N, 
7.09, 

Sa-Methylthiocephem sulfoxide acid l4c (R' = H): 
C'F3COOH-anisolci from 14c, 14c (R' = H) (65O6): mp 175-176 "C dec 
GtOAc-hexane): H NMR MejSO-dG 6 2.08 (3 H,  s, OAc), 2.35 (3 H, 
R. SCH:t). 1.90 (1 H, s. C-.?i, 5.02 (1 H,  d ,  J = 4.5 Hz, C-6): 5.95 (1 H,  
q. -1 = ,4.5! 8 Hz, ( ' - 7 ) :  IR (KBr)  1790. 1730, 1722. 1665 cm-'. Anal. 
C'alcd for C~~H&;L 'O;S~:  C', 50.44: H,  4.42: N. 6.19; S. 14.16. Found: 
(', 3037: H, 4.67; N: 6.04: S, 13.88. 

Sa-(Methy1thici)cephem Sulfide Acid 16b (R' = H). Treatment 
of' sulfoxide acid l4b (R' =: H) according to the general procedure for 
reduction with PBr:i i n  D t l F  provided, after workup with EtOAc at  
pH 7.5 and then at  pH 2. 16b (R' = H) (40%): mp 163-165 'c dec 
(trituration. EteO-hexane): 'H NMR (DCC13) 6 2.28 (6 H,  s, CH3, 

= 5.9 Hz. C-7i: IR iCHCI:ii 1785, 1732. 1695 cm-'; mass spectrum of 
trimethylsilyl ester m/r  466 (M+). 

Sa-(Methy1thio)cephem acid 16d ( R  = H): CF3COOH-anisole; 
20 min from 16d; preparai ive TLC on silica gel using acetone-AcOH 
( l6 : l ) .  followed h) extraction iR f  0.7). evaporation of solvents, and 
workup with EtOAc -HnO at pH 7.5 and pH 2. I6d ( R  = H) (17%): 'H 

SPH:]). 4.:37 (1 H, :,. C-2). 5.40 (1 H,  d. J = 5 Hz, C-6), 6.02 (1 H, q, J 

NMR (DCC13-D3COD) 6 2.37 (3 H, S, SCH3), 3.97 (3 H, S, NCHz), 5.17 

J = 0.5,5 Hz, C-7). 
(1 H, d, J = 0.5 Hz, C-2), 5.33 (1 H, d, J = 5 Hz, C-6),5.97 (1 H,  br d ?  

2a-(Methylthio)cephem acid potassium salt 16d (R' = K): 74YO 
from 16d (R' = H) usisg potassium 2-ethylhexanoate; mp 139-141 
"C dec:lH NMR (D20) 6 2.20 (3 H,s,SCH3),3.97 (3 H,s,NCH3),4.85 
(1 H, br s, C-2), 5.35 (1 H, d, J = 4.5 Hz, C-6), 5.75 (1 H, d ,  J = 4.5 Hz, 
C-7); IR (KBr) 1755, 1660, 1600 cm-'. Anal. Calcd for 
C19Hl9N60&K.H20: C, 41.60; H, 3.86; N, 15.Y2. Found: C: 41.94; H, 
4.13; N, 15.17. 

Conversion of 7a-(Methy1thio)imino Chloride 2f to 2c. A 
mixture of 2.40 g (5.46 mmol) of 2f, 1.6 mL of pyridine, and 30 mL of 
CH30H was stirred at  25 OC under N2 for 3 h and then poured into 
benzene-pH 6.6 buffer. The benzene layer was washed with HzO, 
dried (Na2S04), and evaporated to a residue. Purification by pre- 
parative TLC on silica gel using benzene-EtOAc (19:l) gave 351 mg 
(14%) of 2c as a residue, which was identical by 'H NMR and TLC 
comparisons with 2c prepared by methylthiolation of imino ether 
IC. 
7@-(Phenylace~amido)-7-(methylthio)cephem 26a and 78- 

Benzamido-7-(methylthio)cephem 26b from Acylation of 2c with 
Phenylacetyl Chloride. A mixture Of imino ether 2c (87 mg, 0.20 
mmol), phenylacetyl chloride (31 mg, 0.20 mmol). and 200 gL of 1 N 
HCI in 3 mL of CHzClz was stirred a t  25 "C under N? for 16 h. After 
diluting with CH2C12-p20, the CH2CIz layer was washed with dilute 
NaHC03 and then H20, dried (NazS04), and evaporated to a residue. 
Preparative TLC on silica gel using benzene-EtOAc (19:Ii gave 18 
mg (2390) of 26a, which was identical by 'H NMR, IR, and TLC 
comparisons with an authentic sample, and 20 mg (26O'O) of 7 c t -  
(methylthio)-7~-benzamidocephem 26b: 'H NMR (DCC13) 6 1.55 (9 
H, s, t-Bu), 2.17 (3 H,  s, C-3 CHs), 2.43 ( 3  H, s, SCH?), 3.33 ( 2  H, br 
s, (2-2). .5.10 (1 H, s, C-6), 7.00 (1 H, br, NHi, and 7.4-8.0 (5  H. m. ar- 
omatics); IR (CHCIa) 1790, 1720, 1675 cm-'. 

Registry No.-lc, 56043-89-1; Id, 56043-90-4; le, 64207-74-5; If, 

56043-91-5; 3b, 68474-70-4; 3d, 68474-71-5; Id, 68538-91-0; 4e, 
68538-92-1; 5a, 55151-51-4; 5b, 68474-72-6: 6a, 66428-79-3; 6b, 
68510-35-0; 7a (A2 isomer), 63853-70-3; 7a (1' isomer), 63853-71-4; 
7b, 63853-66-7; 8a, 66428-77-1; 8b, 66428-78-2; 9 ( A z  isomer), 
68474-73-7; 9 (A3 isomer), 68474-74-8: loa, 68474-75-9: lob, 68474- 
76-9; lOc, 68474-77-1; l la,  68474-78-2; l l b ,  68474-79-3; 12, 68474- 
80-6; 13d, 68474-81-7; 13e, 68474-82-8; 14b, 68538-93-2; 14b (R' = Hi. 

85-0; 14e, 68510-86-1; 15a, 68474-83-9; 15b, 68510-87-2; 16d, 
68510-88-3; 16d (R' = H), 68474-84-0; 16d (R' = K), 68474-85-1; 16e, 
68474-86-2; 19, 58491-73-9; 21a, 68510-37-2: Slb, 68510-38-3: 22a, 
68474-87-3; 22b, 68474-88-4; 23a, 66428-74-8; 23b, 68510-39-4; 23c, 
68510-90-7; 23d, 66,428-75-9; 24, 68510-33-8; 25, 68510-34-9; 26a, 

68510-41-8; tert-butyl 7-aminodeacetoxycephalosporanate, 33610- 
06-9; tert-butyl7-aminocephalosporanate. 6187-87-7: 2,2,2-trichlo- 
roethyl 7-aminodeacetoxycephalosporanate. 281 80-82-7; tert -butyl 
7o-benzamidodeacetoxycephalosporanate, 56043-86-8: 3-[11- 
methyl -1H- te t razol -5-y l ) th iomethyl ] -7~~-(phe1iy lace tamido~-~~-  
cephem-4-carboxylic acid, 47653-82-7: diphenylmethyl 7,d-ipheny- 
lace tamido)-3- [ ( l -methyl - lH- te t razol -~-y l~ th iomethyl ] -~~-ce-  
phem-4-carboxylate, 67366-01-2; trimethyl orthobenzoate, 707-07-3; 
2,2,2-trichloroethanol, 115-20-8; phthalic anhydride. 85-44-9; meth- 
ylmethanethiol sulfonate, 2949-92-0; phenylacetyl chloride. 103-80-0: 
benzoyl chloride. 98-88-4; phenoxyacetyl chloride. 701 -99-5. 

56043-87-9; 2b, 37787-02-3; 2c, 56043-93-7; 2d, 56043-94-8; 2f, 

68510-36-1; 1 4 ~ ,  68524-90-3; 1 4 ~  ( R  = Hi, 68539-54-8; 14d, 68510- 

37786-95-1; 26b, 56043-92-6; 27, 68510-40-7; 28, 68538-94-3; 29, 
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Reaction of Guanidines with a-Diketones. Syntheses of 
4,5-Disubstituted-2-aminoimidazoles and 2,6-Unsymmetrically 

Substituted Imidazo[ 4,5-d]imidazoles1 
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~~-Amino-4,5-diaryl-4-hydroxy-4H-imidazoles were obtained by the reaction of substituted benzils with guani- 
dine in methanol at  room temperature. Catalytic hydrogenation of the 4-hydroxy-4H-imidazoles produced 2- 
amino-4,5-diarylimidazoles in excellent yields. In the case of l-phenyl-1,2-propanedione and butane-2,:Mione. the 
intermediate 4-hydroxy-4H-imidazoles could not be isolated and the reaction mixtures were hydrogenated directly 
to yield the corresponding 2-aminoimidazoles. 1,l-Dimethylguanidine and benzils also produced the corresponding 
4H-imidazoles in excellent yields. These compounds were quantitatively converted to %(dimethylamino)- 5,S-diar- 
ylirnidazolin-$-ones by heating. l-Amidino-3,5-dimethylpyrazole did not give the corresponding 4H-imidazoles. 
but produced the 2,6-unsymmetrically substituted imidazo[4,5-d]imidazoles. Probable mechanisms for the forma 
tion of these products are discussed. 

I t  is well known tha t  the  base-catalyzed reaction of benzil 
with guanidine produces 2-amino-5,5-diphenylimidazolin- 
4-one and  2,6-diamino-4,8-diphenylimidazo[4,5-d]imidaz- 
0le,*-5 while t ha t  with 1, l -disubst i tuted guanidines gives only 
2 - (d i subs t i t u t ed  amin0)-5,5-diphenylimidazolin-4-ones.~ 
However, our previous results7v8 suggested the  possibility of 
also obtaining 4-hydroxy-4H-imidazoles or 4,5-dihydroxy- 
imidazolines in this condensation reaction. In  this paper ,  we 
report the  successful syntheses of 4-hydroxy-4H-imidazoles 
by the reaction of tu-diketones with guanidine and  1 , l -d i -  
methylguanidine, a new route to  2-amino-4,5-disubstituted 
imidazoles, and  the  reaction of l-amidin0-3,5-dimethylpy- 
razole with a-diketones to  form unsymmetrical imidazo[4,5- 
dlimidazoles. 

R e s u l t s  a n d  Discuss ion  

R e a c t i o n  of a - D i k e t o n e s  w i t h  G u a n i d i n e .  Lemper t -  
Sr6ter e t  aL5 have reported tha t  benzil (la) and  guanidine (2) 
gave 2,6-dianiino-4,8-diphenylimidazo[4,5-d]imidazole (3) 
with a small amount of 2-amino-5,5-diphenylimidazolin-4-one 
(4) when the  reacticn was carried out in methanol  a t  room 
temperature  either in the  presence or absence of a small 
amoun t  of alkali. 

When we substituted dioxane for methanol in this reaction, 
colorless needles, m p  212 "C, were obtained. IR,  N M R ,  MS 
and elemental analysis of this product were inconsistent with 
the  desired 2-amino-4H-imidazole or 4,Ei-dihydroxyimida- 
zoline. Since recrystallization from methanol  a n d  e ther  gave 
imidazo[4,5-d]imidazole 3 a n d  its N M R  spectrum showed a 
signal assignable to the  0-methylene protons of dioxane, this 
material  was identified as 3 containing one molecule of diox- 
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ane as  the solvent of crystallization. T h e  yield of 3 was 7496 
based on 2. When 2 equiv of 2 were used, the  yield of 3 was 
reduced to  31% and, furthermore, 4 was obtained in 53% yield. 
This  result can be explained by the report of Lempert-SrCter 
e t  al.5 t ha t  higher alkali concentration increased the  yield of 
4 compared to  t h a t  of 3. However, by stirring a suspension of 
la and 2 in a smaller amoun t  of methanol  t han  tha t  reported 
by Lempert-SrCter e t  al. a t  room tempera ture ,  we succeeded 
in isolating the  desired 2-amino-4.5-dipheny1-4-hydroxy- 
4H-imidazole (5a)  in 85% yield. 

When 4-hydroxy-4H-imidazole 5a was refluxed in methanol 
in the  presence of NaOH, imidazolin-4-one 4 was obtained in 
92% yield. Trea tment  of 5a  with concentrated HC1 in an a t -  
t empt  to  prepare the  HC1 salt gave the  unstable 2-amino-  
4,5-dihydroxy-4,5-diphenylimidazoline (6) hydrochloride by 
addition of water to  the  1,5 C-N bond. In another  a t t empt  
to  obtain 5a-HC1, t rea tment  of 5a  with methanol containing 
a slight excess of HCl yielded 2-aniino-1,5-dimethoxy-4,j- 
diphenylimidazoline (7) hydrochloride T h e  only other re- 
ported examp!es of this type of compound are 4 , j -d imethox-  
yimidazolin-2-ones, which were obtained by photosensitized 
oxidation of imidazoles in ~ n e t h a n o l . ~  

I t  is interesting t o  note tha t  although 5a  decomposed t o  
unidentified products when dissolved in untreated T H F .  
imidazo[4,5-d]imidazole 3 precipitated in 7 2 O 6  yield when 5a  
was dissolved in sodium-dried and  distilled T H F  at room 
temperature.  

Hydrogenation of 4H-imidazole 5a  in methanol  with pal- 
ladium on charcoal gave 2-amino-4,5-diphenylimidazole (8a) 
in 84% yield, a n d  the  ni t ra te  salt in 90% yieid after acidifica- 
tion with nitric acid. Thus ,  we a t tempted  to  apply this  syn- 
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