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The sulfenyl chloride 1 reacts with ethyl vinyl ether to give 2 and with appropriate ketones to give 6. The 
Compounds 6 reacted ring-closed form (3) of 2 can be trapped by treatment with acetic anhydride-pyridine. 

with mercuric chloride in methanol to give the penam ring structures 9. 

In  1963, after the numerous side chain variations 
of penicillin had been demonstrated to  produce medi- 
cally useful modifications in activity, and after the bio- 
logical activity of the cephalosporins had shown that 
the thiazolidine ring was not inviolate, it was suggested 
that penicillin research could be directed toward 
modification of the ring system to produce clinically 
useful compounds.2 Since that time, considerable 
effort has bcen expended in this d i r e ~ t i o n . ~  AIuch 
of it has focused on the conversion of the thiazolidinc 
ring of the penicillins to the dihydrothiazinc ring of 
the cephalosporins. In  contrast, very littlc progress 
has been reported in malting modifications of the thi- 
azolidinc ring itselfS4 This paper reports some recent 
efforts toward that  goal. 

In  the conversion of penicillin to  cephalosporin, 
t h r  most economical methods are thosc. which utilize 
rearrangements of the five-carbon, fused ring system. 
In  order to  makc substantial modifications of the thi- 
azolidinc ring, i t  becomes necessary to  remove the 
five-carbon skeleton, replacing it with a new carbon 
framrwork. Several methods now exist for removal 
of the sltelcton whilc retaining the sulfur atom and the 
rcquisitc cis stereochemistry of thc azetidinc ring.'l5 
The utilization of the sulfenyl chloride 1' is unique in 
providing an isolablc, reactive intermediate which can 
be treated with a number of different types of reagents, 
two of which have already been reported. 

Details of thc preparation of the sulfcnyl chloride 1 
are given in the1 Exprrimental Section. The potential 
of this intermediate for reconstruction of the thiazo- 
lidinc ring is demonstrated in the reaction of 1 with 
ethyl vinyl cthcr. The course of the reaction is easily 
followed by watching the disappearancc of t h r  char- 
acteristic yellow color of a solution of 1. I n  this case 
the color was discharged immediately upon addition 
of the vinyl ether,6 and chromatography of the addi- 
tion product dfected hydrolysis of the sensitive cy- 

(1) P a r t  11: J. C. Sheehan, D. Ben-Ishai, and J. U.  Piper, J .  Amer.  
Chem. Soc., 96,3064 (1973). 

(2) J. C. Sheehan, "Molecular Modifications In Drug Design," Advances 
in Chemistry Series, No. 45, American Chemical Society, Washington, 
D. C.,  1964, p 15. 

(3) For a review, see R.  D. G. Cooper and D. 0. Spry in "Cephalosoporins 
and Penicillins," E. 11. Flynn, Ed., Academic Press, Kew York. N. Y . ,  1972, 
Chapter 5. 

(4) For a n  exception see R. B. blorin, B. G. Jackson, R. A. Mueller, E. R. 
Lavagnino, W. B. Scanlon, and S. L. Andrews, J .  Amer. Chem. Soc., 85, 1896 
(1963); 91, 1401 (1969). 

(5) (a) J. C. Sheehan, U. S. Patent 3,487,074 (1969); Chem. Abslr., 73, 
669332 (1969); (b) K.  IIeusler, Hslu. Chim. A d a ,  56, 388 (1972); (c) R. D. 
G .  Cooper and F. L. Jose, unpublished results cited in rei 3, pp 235-236; 
(d) I. Ager, D. H. R. Barton, G. Lucente, and P. G. Sammes. Chem. Corn- 
mun., 601 (1972); (e) J. H. C .  Naylor, hl. J. Pearson, and H. Southgate, 
t b ~ d . ,  57, 58 (1973). 

(6) The reaction of 1 with cyclohexene takes ea. 1 hr to  lose the yellow 
color, and with ethyl acrylate several hours are required. This is the order 
expected for the electrophilic sulfenyl chloride. 
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Phth  = phthalimido 

chloro ether function as well as removal of the tri- 
fluoracetyl group. 

No NH or aldehyde proton is detectable in the nmr 
spectrum of the product. It s h o w  a simple AB pat- 
tern in the 6 5-6 rogion ( J  = 4 Hz), a straightforward 
ABX pattern for the thiazolidine ring protons, and an 
aryl proton multiplet and OH singl& In  contrast, 
37 shows characteristic aldehyde and NH absorptions 

HI;r Phth 

0 E -  R 

OH 
2, R = H  
3, R =CH3 

as well as an AB pattern with a larger coupling con- 
stant (5  Hz) and further splitting of t,hc low-field 
port'ion by NH ( J  From this data it appears 
that, the aldehyde-carbinolamide equilibrium is shifted 
well toward the ring-closed form in 2 as compared to  
3. This equilibrium has been discussed by H e u ~ l c r . ~ ~  
Based on variations of tho c6 substituent, he post'ulatcd 
that, larger substituents shift t'hc equilibrium toward 
the aldehyde owing to  increased interaction bet'ween 
Czp and Cs substitucnt,s in the carbinolamide. The 
comparison of 2 and 3 supports this view, in that re- 
moval of the Czp methyl shift's the equilibrium toward 
the carbinolamide. The unexpected favoring of the 
closed penam system in t'hc absenct: of steric intcr- 
fcrcnce is encouraging when considering the prospect 
of reconstruction of the penam system from a mono- 
cyclic 8-lactam. 

Further encouragement was obtained when it was 
found that t'he reaction of 3 with acetic anhydride- 

1 He). 

(7) J. C.  Sheehan and K. G. Brandt,  J .  Amer. Chem. Soc.,  87, 5488 
(1965). 



RECONSTRUCTION OF THE PENARI RING SYSTEM 

pyridinc produced 4a as an oil containing only about 
10% of 5 as a contaminant. The faster rate of 0- 

OA4c 

4a, R =  CH, 
b, R = H  

I 
CH3 
5 

acylation vs. N-acylation serves to  pull the equilibrium 
toward thc closed system. Thus it became of interest 
to  investigate the applicability of this type of ring 
closure to other systems. 

In  a known reaction of sulfenyl chlorides,* 1 reacted 
with acetone at room temperature to give, after chro- 
matography, 6a in 77% yield. Similarly, methyl 

I 

6a, R, = R2 = H 7 
b, R, = H; R2 = CH3 
C ,  R, = RZ = CH3 

OAc 
8 

ethyl lietone and methyl isopropyl ketone gave 6b 
and 6c, rcspcctively. In  thr  latter two cases the crude 
products were slightly contaminatcd by the products 
resulting from attack of 1 at  the methyl group of the 
ltctoncq but rrcrystallization gave pure products. 
Iictonc 6b was obtained as a mixture of CJ epimers 
(penam numbering) in unequal amounts. The nmr 
spectra of these three compounds givc no indication 
of the prescncc of any carbinolamide. Further, trcat- 
ment of 6a with acetic anhydride-pyridine gave 7 as 
the only isolated product. The distinction betueen 
structures 7 and 8 is easily made in several ways. I n  
the nmr spectrum the chemical shifts of the 0- and 
N-acetyl mcthyl protons are 6 2.1-2.2 and 2.5, respec- 
tively. As indicated above, the coupling constant 
for thc azetidinc ring protons decreases from ca. 5 
HZ in 3 and 6 to 4 Hz in 2,  4a, and 4b. On the other 
hand, K-acylation causes an increase in the coupling 
constant to ca. 6 Ha. In  the ir spectra of compounds 
2 and 4 the p-lactam carbonyl occurs at  1790-1795 
em-'. The most obvious difference between 7 and 
8, that of the presence' or absence of a ketone carbonyl, 
is not useful in thc phthalimido derivatives, since the 
ketone carbonyl is usually masked by the lon-er frc- 
quency imide band. 

The failure of the acetylation procodurc to cffcct 
closure of 6a to a penam system indicates that  the 
difference in rates between 0- and K-acylation is not 
large enough to  offset the low concentration of car- 
binolamidc. 

In  considrring alternative ring closure methods, 
an earlier attempt a t  1-5 bond cleavage was useful. 
The use of mercuric salts had been investigated for 
this purpose, in a manner similar to that recently rc- 

(8) For a review, see I. B Douglass in "Organic Sulfur Compounds," 
Vol. I ,  N. Kharasch, E d ,  Pergamon Press, Elmsford, N Y . ,  1961, Chapter 
30 
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ported by S t ~ o d l e y . ~  In  contrast to  these authors 
the reaction of 3 with mercuric chloride in methanol 
gave mainly the dimet,hyl acetal of 3. Reinvcstiga- 
tion of this reaction resulted in the isolation of 9a in 
28% yield when equimolar amounts of 3 and mercuric 
chloride were stirred at 50" in methanol. An inter- 
mediate related to  10 in which the electrophilic char- 

Phth P h t h F s + -  

NH CH-OCH3 
0 + 

OCHj 

9a, R, = Rl = CH,, Rj = H 10 
b, R l = R 2 = H ,  R,=CH 
c, R,=R,=CH,  R - = H  

acter of the potential C3 is increased may be involved, 
although it is not clear whether the ring closure is a 
kinetic or equilibrium process. 

Application of this procedure to  ketone 6a gave 9b 
in 40% yield. Assignment of the penam structure is 
in accordance with the criteria used above: a lack 
of NH absorption in the ir and nmr spectra, p-lactam 
carbonyl absorption a t  1780-1785 cm-l, and azctidine 
ring proton coupling constants of 4 Hz. When 6c 
was similarly treated, the corresponding penam system 
was not formed in isolable quantities. The difference 
in reactivity of 6a and 6c is directly analogous to  the 
previous comparison made bctwecn 2 and 3. Here 
again, the Cz8 methyl inhibits ring closure because of 
its spatial proximity to the bulky phthalimido group 
in the penam systcm'" 

In  view of this, it is not surprising that th r  reaction 
of the epimeric mixture of ketones 6b gives a single 
closed product, and on stwic grounds thc structure 
9c with the Csor methyl group can be assigned. This 
assignment is supported by the chemical shift data 
presented in Tablr I. Therc is a substantial differ- 

TABLE I 
CHEMIC1L SHIFTS FOR THE c2 PROTONS IN PENAM SYSTEMS 

Structure 6 (Ha) 6 (Hzg) 
2 3 .25  3.78 
4b 3 26 3.86 
9b 3 . 3 1  3 .31 
9c 4 08 

ence in the chemical shifts of t,he a and p protons at  
C2. Taking the cffcct of a mcthyl group into account, 
the C2 proton of 9c absorbs nit'hin thc rangc of the 
Cz8 protons. On t'hc basis of t'he above st,cric argu- 
ments, the lowcr field absorpt'ions should be assigncd 
to  the /3 protons. (In the case of Cr gem-dimcthyl 
groups in the penam system, t,hc lower field absorption 
has been assigncd to thc @-methyl. 11) 

This assignment is also consistent with the Hr-H, 
couplings obsctrved in the nmr spectra of 2 and 4b if 
the following two assumpt,ions arc made: (1) the 

(9) R .  J. Stoodley and N. R.  Whitehouse. J .  Chem. Soc.. Perkin Trans. 1 ,  
32  (1973). 

(10) That S should close more readily than 6c follows from the comparison 
of carbinolamide equilibria in 2 and 6a and from the expected greater re- 
activity of the aldehydeus. the ketone. 

(11) R.  D.  G. Cooper, P.  V. Demarco, J .  C. Cheng, and N. D. Jones, 
J .  Amer. Chem. Soc., 91, 1408 (1969). 
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C3 substituent occupies the less crowded a side of the 
molecule, and ( 2 )  J,,, > J t r a n s .  The latter assumption 
is usually reliable for five-membered rings which do 
not deviate appreciably from planarity,12 a situation 
dictated here by the fused p-lactam ring. In  both 2 
and 4b the Cz and C3 protons give rise to an ABX pat- 
tern with JAX = 0 and JSx = 5 Hz (A is the higher 
field Cz proton, X is Ha). This leads to the conclusion 
that,  if H3 is p (assumption l), the higher field proton 
at  C2 must be a (trans) and the lower field proton 
p (cis). Examination of models for the conformation 
which has been assigned to  phenoxymethylpenicillin" 
indicates that  a dihedral angle between H2 and HI of 
90-looo, for which J would be expected to  approach 
0 Hz, is not unreasonable. The arguments presented 
here are self-consistent and follow the expected pat- 
tern for "well-behaved" molecules. The assignments 
remain tentative, however, and the configuration at  
C3 in 9b and 9c remains ambiguous. 

Experimental Section 
Melting points, determined on a Fisher-Johns hot stage, are 

corrected. Ir  spectra were recorded in methylene chloride solu- 
tion on a Perkin-Elmer Model 237 spectrophotometer. Nmr 
spectra were determined in deuteriochloroform unless otherwise 
noted, using tetramethylsilane as an internal standard. Nmr 
spectra were recorded on Varian T-GO or Hitachi Perkin-Elmer 
R-20B spectrometers. Microanalyses were performed by Gal- 
braith Laboratories, Knoxville, Tenn. 

Sulfenyl Chloride 1. 3-Phthalimido-4-(2'-hydroxy-lf, 1'-di- 
methylethylthio)azetidin-2-one .-A solution of 3.0 g (9.4 mmol) 
of 37 in 50 ml of tetrahydrofuran was cooled in an ice bath, and 
2.0 ml (4.1 mmol) of a solution of 386 mg of sodium borohydride 
in 5 ml of water was added. The solution was stirred in the 
ice bath for 3 min and brought t o  pH 3-4 with 1 iV hydrochloric 
acid. The resulting solution was poured into 150 ml of methylene 
chloride and washed with three 50-ml portions of water. The 
methylene chloride solution was dried and evaporated to a white 
foam. This was redissolved in methylene chloride and the solu- 
tion was concentrated to  give 2.6 g (9770) of white solid. Re- 
crystallization from methylene chloride-hexane gave the crystal- 
line alcohol: mp 196-197"; [ a I z 3 ~  -6" (c 0.91, CHCla); ir 
3600-3420 (broad), 3400,1785, 1770, 1720 cm-l; nmr 8 7.9 (m, 4 ,  
aryl), 7.04 (broads, 1, NH), 5.65 (dd, 1, J M  = 1 €Iz, J3,4 - 4.8 

(broads, 1, OH), 1.08 and 1.07 [twos, 6,   CHI)^]. 
Anal. Calcd for Cl:HI6N2O4S: C ,  56.24; H ,  5.03; N ,  8.74; 

S, 10.01. 
~VV-Trifluoroacetyl-3-phthalimido-4-(2 '-trifluoroacetoxy-1 ' , 1 '-di- 

methylethylthio)azetidin-2-one.-A solution of 2 .O g of the 
above alcohol and 10 ml of trifluoroacetic anhydride in 200 ml of 
methylene chloride was stirred with 1.5 g of anhydrous potas- 
sium carbonate for 64 hr at room temperature. The mixture 
was filtered and the filtrate was evaporated to  a white solid. 
This was recrystallized from methylene chloride-hexane at 
-78" to give 2.67 g (83%) of the trifluoroacetyl derivative: 
mp 148-149"; [ a I z 3 ~  -125' (c 1.2, CHCl,); ir 1825, 1775, 1730 
sh, and 1720 ern-'; nmr 6 7.9 (in, 4, aryl), 5.80 (AB quartet, 2, 
J = 6.4 Hz, H-3 and H-4), 4.31 (AB quartet, 2 ,  J = 11 Hz CHz), 
1.45 and 1.35 [two s, 6, (CHa)t] . 

Anal. Calcd for ClsH14TSzOeSF~: C, 44.54; H, 2.75; N,  
5.47; S, 6.26; F, 22.25. C, 44.57; H ,  2.73; N,  5 . 5 5 ;  
S, 6.41; F ,  22.36. 

To  a solution of 500 mg (0.98 mmol) of the above trifluoro- 
acetyl derivative in 10 ml of methylene chloride was added 3.5 
ml (2.1 mmol) of a solution of chlorine in carbon tetrachloride 
(44 mg/ml). The solution stood for 9-16 hr at room tem- 
perature and was concentrated in vacuo t o  a yellow oil: ir 1830, 
1775, 1725 sh, and 1720 cm-1; nmr 6 7.9 (m, 4, aryl), 6.06 (s, 2, 
H-3 and H-4); in CeDs an AB quartet appeared a t  6 5.25 ( J  = 
6.8 Hz). This oil was used without further purification. 

Hz, H-4), 5.40 (d, 1, J = 4.8 Hz, H-3), 3.50 (9, 2, CHz), 2.40 

Found: C, 58.99; H ,  5.13; N,  8.60; S, 10.00. 

Found: 

(12) L. M. Jackman and S. Sternhell, "Applications of Nuclear Mag- 
netic Resonance Spectroscopy in Organic Chemistry," Pergamon Press, 
Oxford, 1969, p 288. 

3-Hydroxy-6-phthalimidopenam (2) .-The sulfenyl chloride 1 
from 500 mg of the trifluoroacetyl derivative was dissolved in 5 
ml of methylene chloride and 0.2 ml of ethyl vinyl ether wab 
added. The yellow color of the solution disappeared immedi- 
ately. The solution stood for 1 hr and was concentrated to a 
colorless oil which was chromatographed on 25 g of Florisil. 
After washing the column with 200 ml of methylene chloride, 
the product eluted in 2.5 1. of 9:  1 methylene chloride-ethyl ace- 
tate. Evaporation of the solvents left an oil which crystallized 
from methylene chloride-hexane to  give 96 mg (347,) of amor- 
phous white solid. Recrystallization gave an analytical sample: 
mp 146-147'; [a]"D 134" ( c  0.67, CHCl,); ir 3600, 1790, 1770 
and 1720 crn-l; nmr (acetone-&) 6 7.98 (s, 4, aryl), 6.06 (d, I ,  
J = 5 Hz, H-3), 5.77 and 5.52 (two d,  2, H = 4 Hz, H-5 and 
H-B), 3.68 (dd, 1, J g e m  
J = 11 Hz, H - ~ c Y ) ,  2.95 (s, 1, OH). 

11 Hz, J v x  = 5 Hz, H-26), 3.22 (d, I, 

Anal. Calcd for C13H1i"Oi3: C, 53.79; H ,  3.47; N,  9.65; 
S, 11.05. Found: C, 53.57; H ,  3.36; N,  9.54; S, 11.03. 
2,2-Dimethyl-3-acetoxy-6-phthalimidopenam (4a) .-A solu- 

tion of 66 mg of 3 in 0.6 ml of acetic anhydride and 0.1 ml of 
pyridine stood a t  room temperature for 3 hr and was concentrated 
a t  0.5 mm to a clear oil. This was dissolved in methylene chlo- 
ride and reconcentrated to  a white foam. A 50-mg sample was 
chromatographed on 6 g of Florisil. After the column was 
washed with 100 ml of methylene chloride, the product was 
eluted with 9: 1 methylene chloride-ethyl acetate. Evapora- 
tion of the solvents left an oil: ir 1795, 1775 sh, and 1720 cm-l; 
nmr 8 7.9 (m, 4, aryl), 6.50 (s, 1, H-3), 5.65 and 5-50 (two d, 2, 
H = 4 Hz, H-5 and H-6), 2.20 (s, 3, OAc), 1.81 and 1.55 [twos, 
6, (CHa),]. Small signals (&lo%)  are visible which correspond 
to  those expected for the N-acetyl derivative of 3.  
3-Acetoxy-6-phthalimidopenam (4b) .-A solution of 50 mg 

of 2 in 0.6 ml of acetic anhydride and 0.1 ml of pyridine stood for 
3 hr a t  room temperature and was concentrated at 0.5 mm to a 
white solid. The 
product eluted in the first 50 ml of 9:  1 methylene chloride-ethyl 
acetate and was recrystallized from methylene chloride-hexane 
to give 35 mg (6170) of white crystals: mp 195-196'; [aIzaD 
179' (c 0.89, CHCl3); ir 1795, 1775, 1745, and 1720 cm-l; nrnr 
6 7.8 (m, 4, aryl), 6.89 (d, 1, J = 5 Hz, H-3), 5.68 and 5.47 (two 
d, 2, J = 4 Hz, H-5 and H-6), 3.86 (dd, 1, Jgem = 11, J,,, = 5 

Anal. Calcd for CljHlzN20jS: C,  54.21; H ,  3.63; N,  8.42; 
S, 9.64. 

3-Phthalimido-4-(2'-keto-l'-propylthio)azetidin-2-one (6a).- 
The sulfenyl chloride 1 from 500 mg of trifluoroacetyl derivative 
was dissolved in 5 ml of benzene, and 0.5 ml of acetone was added. 
The solution stood for 24 hr and was concentrated to  a yellow 
oil, which was chromatographed on 25 g of Florisd. After the 
column was washed with 125 ml of 9:  1 methylene chloride-ethyl 
acetate, the product was eluted with 750 nil of 4: 1 and 100 ml of 
7: 3 methylene chloride-ethyl acetate. Evaporation of the 
solvents left a solid which was recrystallized from methylene 
chloride-hexane to  give 228 mg (777,) of white crystals: mp 
189-90'; [a] 2 3 ~  -26" (c 0.55, CHC13); ir 3380, 1790, 1770, and 
1725 emm1; nmr (pyridine-&) 8 7.5-8.0 (m, 4, aryl), 6.16 (dd, 

5,05 (broad, s, 1, NH), 3.58 (s, 2, CH2), 2.07 (s, 3, CH3). 
Anal. Calcd for C141112TS204S: C,  55.26; H, 3.98; N,  9.21; 

S, 10.54. 
J-Phthalimido-4-( 2 '-keto-l '-methyl-l '-propylthio)azetidin-2-one 

(6b).-In the same manner as for 6a, the sulfenyl chloride from 
500 mg of trifluoroacetyl derivative in 5 ml of benzene and 0.5 
ml of 2-butanone gave a colorless oil. After chromatography 
and recrystallization, 210 mg (6870) of white crystals were ob- 
tained: mp 154-155'; ir 3380, 1790, 1770, and 1725 cm-l; 
nrnr 6 7.9 (m, 4, aryl), 7.17 (broad s,  1, NH),  5.71 (broadened 
doublet, 1, J = 5 Hz, H-4), 5.20 (d, 1, J = 5 Ha, H-3, 3.5 
(two overlapping q, 1, J = 7 Hz, SCHCO), 2.25 (s, 3, CHBCO), 
1.4 (two overlapping d, 3, J = 7 Hz, CHaCS). 

Anal. Calcd for C16H14N204S: C, 56.59; H ,  4.43; N ,  8.79; 
S, 10.07. Found: C, 56.65; H,4.64; N ,  8.78; S, 10.29. 
3-Phthalimido-4-(2'-keto-l', 1 '-dimethyl- 1 '-propy1thio)azetidin- 

2-one (6c).-In the same manner as for 6a, the sdfenyl chloride 
from 500 mg of trifluoroacetyl derivative in 5 ml of benzene and 
0.5 ml of 3-methyl-2-butanone gave a black oil. After chro- 
matography and recrystallization, 170 mg (327,) of white crysta!s 
were obtained: mp 176-177"; [a]Z3n -35' (c 0.99, CHC1z); I 
3390, 1790, 1770, 1725, and 1690 em-l; nmr 6 7.9 (m, 4, aryl), 
6.82 (broad s, 1, XH), 5.70 (dd, 1, J l r 4  = 1, J 3 4  = 5 Hz, H-41, 

This was chromatographed on 6 g of Florisil. 

Hz, H-2@), 3.26 (d, 1, J = 11 Hz, H-2a), 2.14 ( s ,  3, OAC). 

Found: C, 54.28; H ,  3.65; N,  8.35; S, 9.51. 

J I , ~  = 1, J3,d 4.8 Hz, H-4), 5.50 (d, 1, J = 4.8 Hz, H-3), 

Found: C, 55.26; H ,  3.99; X, 9.00; S, 10.61. 
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5.05 (d,  I ,  ,J = 5 IIa, 1-14), 2.26 (s, 3, CI-13CO), 1.46 and 1.3F 

S , i , 6 4 .  Found: C, 57.84; 11, 4.90; N ,  X.38; S, 9.74. 
N-Acetyl-3-phthalimido-4-(2'-keto- 1 '-propylthio )azetidin-2-one 

(7).-A suspension of 60 nig of 6a in 1 ml of acetic anhydridc 
and 0.5 ml of pyridine was stirred a t  52" for IO hr. The resrilt- 
ing light-brown solution wi~s c:oncentrnted itt 0.5 inni to an oil 
which was chromatograplied on  1.5 g of Florisil. After the 
column was washed with 125 ml of methylene chloride, thc 
product was clutod with 250 nil of ! I :  I methylene chloride- 
ethyl acetate. Evaporation of the solvents left an oil which 
crystallized from methylene chloride-hexane to  give 30 mg (44lX) 
of de1ic:tte crystals: mp IX1-182D; [ a ] %  -77" ( c  1.1,  CI1Cl:l); 
ir 1800, 1775, 1720 ern-'; nmr 6 7.9 (ni, 4, aryl), 5.73 and 5.45 
(two d ,  2, J = (i I I z ,  1-14 arid 1-1-4), 3.73 (AB qriartet., 2 ,  J = 
16 Hz, CI-Iz), 2..50 (s, 3 ,  N.ic), 2.23 (s, 3, C h ) .  

Anal. Calcd for C1GI-IiaN20sS: C, 55.48; If, 4.07; N ,  8.08; 
9, 9.25. 

2,2-Dimethyl-3-methoxy-6-phthalimidopenam ( sa)  .--.4 solu- 
tion of 2h0 wig (0.7 mniol) of 3 and 1!)0 mg (0 .7 inniol) of incr.  
curic chloride in I2 ml of methanol was stirred at  52" for 16 hr. 
Evaporation of thc solvent left an oily residue which was trit- 
urated with benzene. The benzene extracts were concentrrtted 
to an oil which wits chromatographed on 20 g of Florisil. The  
column was washed with 650 in1 of methylene chloride, and the 
product was eluted with ! I :  1 inethylene chloride-ethyl acetate. 
Evaporation of the solvents loft, an oil which crystallized f r m i  
ethyl iicetate-hexane to give 65 mg (287;)  of long needles: mp 
125-128'; [ a l Z 3 ~  215' ( c  1.2, CII(33); ir 1790, 1773, 1720 crn-l; 
nmr 6 7.8 (in, 4, aryl), 6.60 and 5.40 (two d ,  2 ,  J = 4.0 IIz, If-5 
and 11-6), 4.!)7 (s, 1, 13-3), 3.52 (5, 3, OCII,), 1.64 :ind 1.54 [twos, 

Anal. Calcd for C181110T\'204S: c, 57.81; 11, 4.83; 3, 8.42; 
S, 9.64. 
3-Methyl-3-methoxy-6-phthalimidopenam (9b).-In the s:me 

manner as for Qa, Ihc oil from 144 mg (0.47 mmol) of 6a and 129 
mg (0.47 inniol) of iriercuric: chloride was chromatographed on  
14 g of Florisil. After the column was washed wit.h 125 in1 of 
methylene chloride, the product, began to elute. Thc solvent 

Found: C, 35.29; 11, 3.!)2; K, 7.98; S,  !).12. 

6 ,  (CI.I3)21 . 
Found: C ,  58.00; €1, 4.90; E, 8.40; S, 9.80. 

. 

was changed to 9 :  1 methylene chloride-ethyl acetate, arid 
evaporation left ii crystalline solid. I~ecryst.allizatic)n froni 
ethyl acetate-hexane gave [iO mg (40(5) of ncedles: mp 170- 
172'; [ a ] %  149' (c O,!)l, C1lC1:j); ir 1785, 1770, and 1720 cm-l; 
rimr 6 7.9  ( i n ,  4 ,  aryl), .i.fjg and .5 .M (two d ,  2, J = 4 I I z ,  1.1-5 
and 11-E), 3.41 (A13 quartet, 2, J = IO.,? I l x ,  CI-Ig), :j.:Hj (s, : j ,  

.. .. - . , ,  

S, 10.07. 
2,3-Dimethyl-3-niethoxy-6-phthalimidopenam (9c).-In the 

same inanner as for 9a, the oil from 134 nig (0.42 inmol) of 6b 
and 11.5 mg (0.42 niniol) of mercuric chloride was chromato- 
graphed on 13 g of 1~'lorid. After the column w:is washed with 
1 IO nil of methylene chloride, the product began to elute. The 
solvent w:is changed l o  !): 1 inethylene chloride-ethyl iicaelate, 
and t h e  product \v:is obtained as a n  oil which crystallized froni 
ethyl ncetnte-hexane to give 23 nig (16%) of needles: nip 130- 
131'; 191" ( c  1.1, CIICl3); ir 1785, 1770, and I720 
nmr 6 7 . 8  (in, 4, aryl), and 5.25  ( two d ,  2 ,  J = 4 l I z ,  I f 4  
and H-fi), 4.06 ( q ,  1, J = 7 IIz, H-2), 3.36 (s, 3, OCII2), 1 . X 3  (s, 

Found: C, .5(i.2!); f 1 ,  4.:;4; Ii, 8.57; S ,  10.81. 

3, C3 CHa), 1.32 (d, 3 ,  cJ = 7 IIz, C2 CIIa). 
A ? L u / .  Calcd for Cir,HiaNzO,S: C, 57.81; IJ, 4.85; N ,  X.42; 

S, O.fj4. Poiind: C, 57.55; 1-1, 4.X;; N ,  X.17; S, !J.77, 
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Renziniidazole derivatives Sa-e are prepared in ti two-step procedure by successive reactions of readily available 
imidazo1o.i-carboxaldehydes with reagents BrlIgCHItCI12CHOCIIzC:H20 (R = I ,  CH,) and cyclization of thc 

resulting carbinols 3a-e under controlled conditions. Alcohol A ~ C I ~ O H C I - I Z C ~ ~ I ~ C I I O C ~ ~ ~ C I I ~ O  (Ar = I-benzyl- 

2-methyl-5-imidazolyl) has been oxidized (lInO2) to  the ketone; addition of Grignard reagents thereto anti ring 
closure of the new (!ai tinols to caompounds 9 and 10 illustriztea a gencral preparation of 7-substitrited benzimid- 
axoles. 

Benzimidazolcs arc traditionally synthcsizrd by 
ultimato construct'ion of the imidazolc moictt)., \vh(trc>b). 
the prcroquisitc. o-ph(:ri!.lcric~diamincs arc: cyclizod 
with carboxylic acids and/or d(1rivat ivw thoreof. An 
altcrnativc asscmbl~., commmcing with prrformcd and 
suitahly functionalimd imidazolcs, has, to tlic best 
of our lmon-lcdgtt, hitherto cwapc!d attcntion. Such 
an approach is 1ic:rc:ivit'h illustrated. I t  is, by its 
natur(', comp1ornc:ntarJ. to c>xistirig mctthodw, thorabj. 
alloJving cntry int,o sj.stc,rns othcrivisc found to be 
difficultly acccssibltt. 

In  a rctccnt' rctport conccrning the hydroxymcthJ.la- 
tion of 1 , 2-disubstit ut c d  i midazolt:s, t hct prcpara t ion 
of the imidazolJ.l-:S-mctthanols arid 4,5-dimcthanols 

( 1 )  E. F. Godefroi, 11. J. J. Loozen, and J. Th. ,J. Luderer-Platje. Reel .  
7'rau. Chim. Pays-Bas,  91, 1383 (1972). 

\vas dcscribcd. The> rcaction, carrictd out in  rcdux- 
irig aqucwus CHZO, prowd to be pH scnsitivc> and pro- 
ducod satisfactory rcsiilts only in buffcrod (SaOAc- 
hcOH) miliou. Subsoqucnt oxidation [ l'b(OAc).l I of 
thr  products to the  aldchydcs proccdod clcanly, thus 
providing an efficiont arid cheap two-step routc to 
m a q .  imidnzolc-5-carboxald(~~iyd(~s. 

Grigriard rcagmtw la and l b  h ~ v ( ' ,  .sinct> 1069, 
found application i n  thc s\.nthcsis of ( =t)-nucifcra12 

RrMgCHRCH,C6°] '0 

la. R = H 
b, R = CH,, 

(2) G. BUchiand 11. \vuest, J. Oru. C h e m . ,  34, 1122 (1069). 


