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mmol) in dry benzene'(25 ml) a t  5 "C was added phosphorus penta- 
chloride (2.08 g, 10 mmol) over a 10-min period. When evolution of 
hydrogen chloride had ceased, the solution was cooled to 4 "C and a 
solution of stannic chloride (3.35 g, 13 mmol) in benzene (50 ml) was 
added dropwise with stirring over a 30-min period. The magenta 
colored mixture was allowed to warm up to room temperature and was 
stirred for 2 h. Decomposition of the complex with 0.1 M HCl and ice, 
followed by benzene extraction with washing and drying (MgS04), 
gave, upon removal of the solvent, a yellow oil. This was chromato- 
graphed on silica gel using 3:l benzene-chloroform as eluent to give 
yellow crystals (1.9 g, 68%) mp 161-162 "C. An analytical sample (mp 
162.5-163 OC) was obtained by recrystallization from benzene-hexane 
as bright yellow prisms with a brilliant green fluorescence: ir (KBr) 
1625 cm-l; NMR (Unisol-D) 6 7.0-8.3 (m, 8 H, aromatic), 4.6 (s, 2 H, 
CHz), 4.0 (s, 3 H, OCH3). Anal. Calcd for C17H1202S: C, 72.83; H, 4.32; 
S, 11.43. Found: C, 73.09; H, 4.25; S, 11.60. 

Attempted Synthesis of 11-Acetoxy-6-methoxynaphtho- 
[ 1',8':4,5,6]cyclohepta[ 1,2-b]thiophene (2b). A stirred mixture of 
l-(3'-carboxy-2'-thenyl)-2-methoxynaphthalene (7, 1.0 g, 3.36 mmol), 
acetic anhydride (25 ml), acetic acid (20 ml), and freshly fused zinc 

,chloride (1.2 g, 8.8 mmol) was heated under reflux for 0.5 h. To the 
hot solution was added water (25 ml) dropwise and the reaction 
mixture was cooled in ice. Yellow needles separated and were removed 
by filtration (0.8 g, 71%), mp 207-208.5 "C. This substance gave a 
positive iodoform test. Recrystallization from benzene-hexane fol- 
lowed by sublimation in vacuo gave 8 as pale yellow needles: mp 
208-208.5 "C; ir (KBr) 1660 (C=O), 1645 cm-l (ArCOCH,); NMR 
(acetone-&) 6 7.5-6.9 (m, 7 H, aromatic), 4.55 (s, 2 H, CH2); 4.0 (s, 3 
H, OCHs), 2.45 (s, 3 H, COCH3). Anal. Calcd for C19H1403S: C, 70.79; 
H, 4.38; S, 9.95. Found: C, 70.59; H,  4.35; S, 10.06. 

[1,2-b]thiophene (9). To a cooled, stirred suspension of lithium 
aluminum hydride (0.23 g, 6.0 mmol) in ether (25 ml) was added, with 
cooling and stirring, a solution of aluminum chloride (0.80 g, 6 mmol) 
in 25 ml of anhydrous ether. To this was added a solution of 6- 
methoxynaphtho[l',8':4,5,6]cyclohepta[l,2-~]thiophen-l1(7~)-one 
(1.0 g, 3.5 mmol) in ether (35 ml). The mixture was stirred under reflux 
for 16 h. Careful addition of 5% HzS04 followed by extraction with 
ether, washing with NaHC03, and drying (MgS04) gave upon removal 
of the solvent a white solid (0.5 g, 54%), mp 130-132 "C. Sublimation 
gave an analytical sample: mp 129-130 "C; NMR (CDC13) 6 6.9-7.8 
(m, 7 H,  aromatic), 4.7 (s, 2 H, CHz), 4.4 (s, 2 H, CHd,  4.0 (s, 3 H, 
OCH3). Anal. Calcd for C17H140S: C, 76.66; H, 5.30; S, 12.04. Found: 
C, 76.41; H, 5.31; S, 12.13. 

4,5,6]cyclohepta[1,2-b]thiophene (10). From the ketone 3b (2.0 g), 
lithium aluminum deuteride (1.0 g), and aluminum chloride (32 g) 
there was obtained 1.85 g (98%) of 10: mp 129.5-130 "C; NMR (CDCla) 
6 6.8-7.7 (m, 7 H, aromatic), 4.6 (s, 2 H, CHd,  3.9 (s, 3 H, OCH3); mol 
wt by mass spectrum, 268 (calcd for C I ~ H ~ ~ D ~ O S ,  268). 

6-Methoxy- 11 -isopropylidene-7,1l-dihydronaphtho[ 1',8': 
4,5,6]cyclohepta[l,2-b]thiophene (11). To a filtered ethereal so- 
lution of isopropylmagnesium bromide from isopropyl bromide (12.37 
g, 0.1 mmol) and magnesium (2.67 g, 0.11 g-atom) was added a solution 
of 1.0 g (3.5 mmol) of the ketone 3b in 50 ml of 1:l benzene-ether. The 
mixture was stirred under reflux for <1.5 hr. and was then hydrolyzed 
with 10% NH4C1 solution (200 ml). The organic layer was separated, 
washed with water and Na2C03, and dried (MgS04). Evaporation of 
the ether left a red oil which was taken up in methanol (30 ml) con- 
taining 2 drops of 12 M HCl and heated under reflux for 12  h. Removal 
of the methanol gave a yellow oil (2.0 g) which was freed from traces 
of acid and was then chromatographed on alumina (50 g) using hexane 
as the eluent. A colorless oil (0.2 g) was obtained which solidified after 
5 days to white prisms (0.2 g, 19%), mp 119.5-120 "C. Recrystallization 
from hexane followed by sublimation gave an analytical sample: mp 
119-120 "C; NMR (CDC13) 6 7.3-7.7 (m, 6 H, aromatic), 6.95 (s, 1 H, 
aromatic CsH), 4.6 (2 H, quartet, 2 H) ,  4.0 (s, 3 H, OCH3), 1.93 (s, 3 
H, CH3), 1.85 (s, 3 H, CHa). The AB quartet centered a t  4.6 has JAB 
= 16 Hz and JAB = 34 Hz. Anal. Calcd for C20H180S: C, 78.39; H, 5.92; 
S, 10.47. Found: C, 78.46; H,  6.06; S, 10.22. 

Registry No.-3b, 59463-61-5; 5, 59463-62-6; 6, 59463-63-7; 7, 

68-2; 2,3-dibromothiophene, 3140-93-0; 2-methoxynaphthaldehyde, 
5392-12-1; isopropyl bromide, 75-26-3. 
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Since their initial preparation,l anhydropenicillins have 
continued to attract intereste2 We now report a reaction of 
6-tritylaminopenicillanic acid (1 j with chlorosulfonyl isocy- 
anate (CSI) that leads to the formation of anhydro-6-tri- 
tylaminopenicillanic acid (5  j. 

1, X=COOH 
2. X = C N  5. R=-CPh= 
4, 3: x X = = COiSHS02CI CO CONHS02CI 6; R = -H, Ck3(C6H4)S03H 

In connection with other work, we attempted a synthesis 
of the penicillin nitrile 2 from carboxylic acid 1 by application 
of the methods of Lohaus3 and V~rbruggen .~  These involve, 
respectively, treatment of a chlorosulfonylamide with either 
an amide such as dimethylformamide (DMF, Scheme I) or a 
base such as triethylamine (Scheme 11). In favorable cases, the 
chlorosulfonylamide is readily obtained by reacting a car- 
boxylic acid with CSI. 

When 1 was treated with a 5% molar excess of CSI in ace- 
tonitrile, followed by either DMF or triethylamine, no P-lac- 
tam containing materials were isolated with the neutral 
fraction. Various speculations may be proposed to account for 
the failure of these straightforward approaches patterened 
after the successful conditions of Lohaus and Vorbriiggen. The 
p-lactam moiety perhaps interacted with the chlorosulfo- 
nylamide 4335 or it reacted directly with the CSL5 The possi- 
bility of other undesirable reactions involving CSI and com- 
pounds 1,2,3, or 4 may also be inferred.5 Finally, the fact that 
penicillins are relatively strong acids6 may have hampered the 
COzH - CN conversion because, according to results of both 
Lohaus and Vorbruggen, the CSI reaction is sluggish with 
strong acids. 

O n  the assumption that the /3-lactam amide was the major 
cause of our difficulties, we treated 1 with CSI in the presence 
of either DMF or triethylamine. Neither small nor large 
amounts of DMF were useful, likely because the rate of CSI 
reaction with DMF5 was faster than that with the penicillin 
carboxyl group. When, however, triethylamine was present 
during the CSI addition, we isolated7 a fairly pure penicillin 
derivative contaminated by some triphenylcarbinols according 
to ir, NMR, and TLC analysis. The presence of two vinylic 
methyl group resonances suggested that the anhydropenicillin 
rearrangement had occurred to afford anhydro-6-tritylami- 
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nopenicillanic acid (5 ) .  This was confirmed by comparison of 
the analytical data for 5 and for the detritylated derivative 6 
with published data for these compoundsQ (see Experimental 
Section). 

Our highest conversion from 1 to 5 was at  least 45% without 
any attempt at  optimization.1° The isolated yields likely 
suffered because we routinely employed an isolation procedure 
that would have been satisfactory for our original synthetic 
goal, the nitrile 2. This procedure included an aqueous ex- 
traction to which anhydropenicillins are reported to be sen- 
sitive.ll.12 

Although various speculations may be entertained about 
the reaction of 1 with CSI, the mechanism for the 1 to 5 con- 
version is likely analogous to that proposed by Wolfe,l which 
involves base abstraction of the C-3 proton of a suitably ac- 
tivated penicillin 3-carboxyl grpup (Scheme 111) followed by 
elimination of thiolate and subsequent attack on the activated 
acid. 

Experimental Section 
Ir spectrq were measured with a Perkin-Elmer Model 21 spec- 

trometer. 1H NMR spectra were recorded on a Varian Model T-60 
spectrometer with a dilute solution in deuteriochloroform and tet- 
ramethylsilane as an internal standayd. 
Anhydro-6-tritylaminopenicillank Acid (5 ) .  A solution of 9.16 

g (20 mmol) of 6-tritylaminopenicillahic acid (1) and 13.9 ml (100 
mmol) of triethylamine in 50 ml of acetonitrile was cooled to -35 "C 
under nitrogen. Then 1.84 ml(21 mmol) of chlorosulfonyl isocyanate 
(Aldrich Chemical Co., Milwaukee, Wis.) was added over a 5-min 
period.13 The dry ice bath was removed and the mixture warmed to 
22 OC over 35 min. Then the reaction mixture was heated a t  40 "C. 
Evolution of COB was ponitored by sweeping the reaction surface with 
nitrogen and bubbling the effluent! into an aqueous Ba(OH)2 solution. 
After 20 h the reaction mixture was worked up; although the 
evolution had not entirely ceased, it had greatly diminished. The re- 
action mixture was concentrated to half volume, diluted with 1:l  
etherhaturated aqueous sodium bicarbonate, and partitioned be- 
tween ether and water. The combined ethereal extracts were washed 
with a brine solution, dried over sodium sulfilte, and concentrated, 
affording 5.7 g of a beige-colored foam. An ir spectrum showed the 
distinctive bands of 5 plus some triphenylcarbinol; by NMR analysis 
this material was about 69% pure 5 (corresponding to a corrected 
isolated yield of 45%) contaminated mainly by triphenylcarbinol plus 
a small amount of triethylamine and traces of other components. 

The above crude product (2 g) was chromatographed on silica gel 
with a 7:3 hexane/chloroform solution. According to the ir and NMR 
spectra, 5 was not effectively separated from the triphenylcarbinol 
impurity. Adapting methodology suggested by W ~ l f e , ~  394 mg from 
the early eluate were combined in chloroform and isoprogyl alcohol 
and concentrated to a yellow, granular material. This was then tfi t-  

urated with cold acetic acid to afford an off-white solid which was 
filtered, washed with hexane, and dried to afford 194 mg of pure 
anhydro-6-tritylaminopenicillanic acid ( 5 ) ,  mp 157-160 "C (lit.9 
165-166 "C). 

Anal. Calcd for C Z ~ H ~ ~ N ~ O ~ S :  C, 73.61; H, 5.49; N, 6.36; S, 7.27. 
Found: C, 73.71; H, 5.60; N, 6.15; S, 7.10. 

The ir spectrum matched that p u b l i ~ h e d , ~  The NMR spectrum 
showed only resonances consistent with 5: ~ M , ~ s ,  (CDC13) 2.00 (3 H, 
s), 2.12 (3  H, s), 3.18 (NH, d,  J = 11.8 Hz), 4.40 (C-7, 1 H, d,  J = 4.0 
Hz), 4.81 (C-6 , l  H, dd, J = 4.0,11.8 Hz), and 7.1-7.7 ppm (PhaC, 15 
HI. 

p-Toluenesulfonic Acid Salt of Anhydro-6-aminopenicillanic 
Acid (6). 5 (50 mg) was dissolved in 0.25 ml of acetone and processed 
with p-toluenesulfonic acid hydrate according to Wolfeg to afford 30 
mg of 6, mp 155-157 "C dec (lit.9 153-154 "C dec). The ir spectrum 
matched that p ~ b l i s h e d . ~  
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