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(minimum inhibitory concentration) of 50 pg/ml against 
both Staphylococcus aureus SC 2399 and  Streptococcus 
pyogenes SC 3862. The M I C  of the parent cephalo- 
sporin against the same two organisms was 1 pg/ml. 
More extensive biological evaluation is in progress, 

Further experiments are needed to  determine to what 
extent the present results will require refinement or al- 
teration of the proposed mechanism of inhibition l~~ of 
bacterial enzymes by p-lactam  antibiotic^.^ 

We are indebted to Felix Pansy 
and  Harold Basch for biological data and to Dr.  
Allen Cohen and  Dr.  M. Puar for spectroscopic data. 
We are especially thankful to Professor Strominger, 
who suggested the problem to  us and hasenthusiastically 
followed our  work. 

Acknowledgment. 

( 5 )  NOTE ADDED IN PROOF. I t  is interesting to note that the 7- 
methoxycephalosporin C which has been isolated by R .  Nagarajan, et 
al. (R. Nagarajan, L. D. Boeck, M .  Gorman, R .  L. Hamill, C. E. 
Higgins, M .  M. Hoehn, W. M .  Stark, and J.  G Whitney, J .  Amer. 
Chem. Soc.,93,2308 (1971)) is reported to be more active toward gram 
negative organisms than is cephalosporin C. 
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A New Method for the 1,4 Addition of the 
Methylenecarbonyl Unit (-CHKO-) to Dienes 

Sir: 
Since the reaction of ketenes with 1,3-dienes leads to  

cyclobutanone formation rather than Diels-Alder 
addition, other approaches are required for the 
synthesis of structures corresponding to the 1,4 addition 
of the -CH2CO- unit t o  1,3-dienes. The use of se- 
quences involving the addition of 2-aceto~yacrylonitri le~ 
and 2-chloroa~rylonitrile~~~ as dienophiles has been 
described for cyclopentadiene (and also cyclohexadiene 
in the case of the latter). However, these dienophiles 
are of only moderate reactivity and appear t o  be of 
limited utility with sensitive or less reactive dienes. 
Further, the requirement of strong base for the con- 
version of the initial adduct into the corresponding 
ketone precludes the use of this method for the syn- 
thesis of A3-cyclohexenones from acyclic dienes. 

The discovery that the reaction of 2-chloroacrylo- 
nitrile with dienes is strongly catalyzed by dry cupric 
fluoroborate led t o  the successful synthesis of the 7-sub- 
stituted bicyclo[2.2. llheptenones l a  and I b  from the 
corresponding 5-monosubstituted cyclopentadienes:jt6 
This process represents the first example of the success- 
ful use of a 5-monosubstituted cyclopentadiene in  this 

( I )  See, for example, J .  D. Roberts and C.  M. Sharts, Org. React., 
12, 1 (1962). 
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( 1966). 
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J .  Amer. Chem. SOC., 91, 5675 (1969). 

( 6 )  E. J .  Corey, U. Koelliker, and J. Neuffer, ibid., 93, 1489 (1971). 

way and  a key initial stage of the synthesis of the 
natural primary  prostaglandin^.^-^ Although the cu- 
pric-catalyzed Diels-Alder addition extends the 
applicability of 2-chloroacrylonitrile to certain sensitive 
dienes, our interest in the general synthetic problem 
and the development of optimum synthetic routes to  
prostanoids10 has prompted further studies in  this 
area. These have led t o  the excellent general method 
which is described herein. 

The readily accessible 2-chloroacrylyl chloride 1 1 , 1 2  

exhibits high dienophilic reactivity (comparable t o  
maleic anhydride) and further, because of its geminate 
substitution, reacts selectively with various 5-sub- 
stituted cyclopentadienes (without prototropic isonier- 
ization) t o  form adducts in which the 7 substituent is 
exclusively anti t o  the bridge bearing the chloro and  
chloroformyl groups. l 3  The effectiveness of 2-chloro- 
acrylyl chloride as a dienophile and a process for the 
conversion of the resulting adducts t o  ketones by 
replacement of CI and COCl by oxygen can be illus- 
trated by the synthesis of the keto benzyl ether Ia 
without isolation of ititetwediates. An ethereal solution 
of 5-benzyloxymethylcyclopentadieneii (co. I M )  and 
2-chloroacrylyl chloride at  0" for 18 hr furnished the 
adduct Ira (as a 2 :  1 mixture of exo and endo acid 
chlorides by nmr analysis) in  ca. 99% yield. Treatment 
of IIa with sodium azide in  dimethoxyethane gave the 
corresponding acyl azide which upon heating under-  
went Curtius rearrangement to  the isocyanate, leading 
finally after hydrolysis with aqueous acetic acid to the 
bicyclic ketone Ia in ca. 90% yield (overall for the five 
reactions from cyclopentadiene and chloromethyl- 
benzyl ether). The ease of operation and practicality 
of this synthesis can be seen from the following experi- 
mental procedure which is given as a model. 

7-s~n-Benzyloxymethyl-2-norbornen-5-one (Ia). 
Chloromethyl benzyl ether (1  5.65 g) was added over 
20 min to  a cooled (-22 to  -20"), stirred slurry of 
thallous cyclopentadienide6 in 40 ml of dry ether (under 
argon). After 7 hr the mixture was filtered (at below 
-20°), the solid (TICI) was washed with dry ether 
(three 20-ml portions), and the combined chilled ethereal 
solution was treated with 2-chloroacrylyl chloride 
(16.25 g). After 18 hr at  O " ,  the solvent was removed 
under reduced pressure to afford the Diels-Alder ad- 
duct (30.82 g, 99%) as a colorless A solution of 
the adduct in  306 ml of dry dimethoxyethane was 
stirred with 12.8 g of sodium azide at 25" for 1.5 h r ,  and 
the mixture was filtered. The filtrate was heated to  
reflux for 2 hr, cooled to  25" ,  and treated with 60 ml  of 
acetic acid-water (2: 1) at  55-60' until infrared analysis 
of an aliquot indicated the lack of isocyanate absorp- 
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(8) E.  J. Corey, R.  Noyori, and T. I<. Schaaf, ibid., 92, 2586 (1970). 
(9) E. J .  Corey, H.  Shirahama, H.  Yamamoto, S.  Terashima, A. 

Venkateswarlu, and T .  K. Schaaf, ibid., 93, 1490(1971). 
(IO) We have found this to he a useful term which can bc applied to 

designate the whole family (superset) of natural prostaglandins and 
prostaglandin-like compounds. 

(11) C. S. Marvel, J. Dec, H .  G. Cooke, Jr., and J. C. Cowan, J .  
Amer. Chem. SOC., 62,3495 (1940). 

(12) M. Seefelder, German Patent 1,167,819 (April 1964); Chem. 
Abstr., 61,  1761 (1964). 

(13) Not surprisingly, maleic anhydride and dimethyl acetylene- 
dicarboxylate add to 5-monosubstituted cyclopentadirnes to afford 
mixtures of 7-syn and 7-anti isomers. 

(14) (a) Infrared and nmr spectra were in agreement with the assigncd 
structure. (b) Satisfactory analytical data were obtained for this inter- 
mediate. 

Weinshenker, ibid., 92, 397 (1970). 
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The method described herein for the 1,4 addition of 
the -CH2CO- unit to 1,3-dienes is operationally simple, 
broadly applicable, and  basically efficient. Many in- 
teresting uses can be foreseen for the synthesis of cyclic 
ketones. 

We are grateful to the National 
Institutes of Health, the Agency for International 
Development, and  the National Science Foundation 
for financial assistance. 
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ried out in benzene at  reflux for 1.5 hr. The hydrolysis of isocyanate 
was accomplished using a 1 : I  mixture of tetrahydrofuran and 5 % 
aqueous oxalic acid at 25" for 10 hr ;  under these conditions the P , y  
unsaturated ketones IV and V were obtained with little or no a,P 
isomer. The more stable conjugated isomers can be prepared by 
isomerization with 1 N hydrochloric acid at 25" for 15 hr. 
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Departmerit of Chemistry, Hurwrd Unicersity 

Cambridge, Mussachusetts 02138 
Receiced July 1 ,  1971 

tion at  2250 cm-' (ca. 30 min). Evaporation of solvent 
under reduced pressure (25"), addition of water, extrac- 
tion with pentane, and  removal of pentane afforded the 
bicyclic ketone Ia, 20.53 g (90.6 %) of 97-98 % purity by 
gas chromatographic (gc) analysis. The identity of this 
product with Ia prepared by the previously described 
route was established by spectroscopic, chromato- 
graphic, and chemical comparison.16 

Ia, z = C6H5CH20 
Ib, Z = CH30 
IC, Z = CGH5CONH 

IIa, z = C6H5CH20 
I1 b, Z = CH30 
IIc, Z = C6H,CONH 

In a similar manner the Diels-Alder adduct IIb was 
prepared cia 5-metho~ymethylcyclopentadiene~ and  2- 
chloroacrylyl chloride and  transformed into the pure bi- 
cyclic ketone Ibj-' (yield 82 z, based on chloromethyl 
methyl ether and  thallous cyclopentadienide). The 
benzoylamino ketone Ic,Ib mp 125.5-126", was also 
formed in  good yield by the above described process 
from the adduct IIc, which in turn was obtained by 
alkylation of thallous cyclopentadienide by iodomethyl- 
benzamide (in tetrahydrofuran) followed by addition to 
2-chloroacrylyl chloride. 

Cyclopentadiene and  2-chloroacrylyl chloride in ether 
(ca. 1.2 M )  at 0" for 18 hr gave the expected mixture of 
exo and  endo Diels-Alder adducts in 94 yield, and  this 
mixture was converted uia the Curtius route t o  5-nor- 
bornen-2-0ne"~ in 94 

Anthracene and  2-chloroacrylyl chloride in dime- 
thoxyethane solution (1 M )  a t  reflux for 5 hr afforded the 
Diels-Alder adduct quantitatively, and  this was trans- 
formed by the Curtius route to  the ketone 111, mp 146- 
147", l 4  in 87 z overall yield from anthracene. 

yield (gc analysis). 

I11 IV, R, = H  R2 =CH3 
V,RI = & =CH3 

The known ketone was obtained by the new 
method from isoprene in 83.5% overall yield, and the 
ketone was prepared from 2,3-dimethylbutadiene 

(15) Using this procedure in the route previously described [E. J. 
Carey, S. M. Albonico, U. Koelliker, T. K. Schaaf, and R. K. Varma, 
J .  Amer. Chem. Soc., 93, 1491 (1971)], the key prostanoid intermediate 
i is obtained in a stereospecific process having an average yield per step 
of 95 Z and not involving chromatography. 

(77 73. Ifi 

i 
(1  6) The Diels-Alder reactions with isoprene and 2,3-dimethyl- 

butadiene were conducted at  0" for 16 hr. In  the preparation of the 
ketones IV and V, the thermal rearrangement of the acyl azide was car- 

Sulfuranes. 111. A Reagent for the 
Dehydration of Alcohols 

Sir: 
The use of stable, crystalline sulfurane 1 as a dehy- 

drating agent for the conversion of alcohols t o  alkenes 
was suggested by our preliminary observation that the 
alkoxy ligands of 1 rapidly exchange with added al- 
cohols, and  by the earlier observation2 of isobutylene in  
the product mixture from a perester decomposition 
postulated to  give a sulfurane as an intermediate. We 
here report results which suggest that 1 is indeed a de- 
hydrating agent with unique properties, potentially of 
great synthetic utility. 

OC(CHB)J 

+ RFOH 
fast I 

(CH3)KOH + (C~HS)?S(ORF)~ e (C6H:)zS 

1, RF = CsHjC(CF3)a ORp 

(CsHj)2SO + (CHz)z(3'CHz + 2RpOH 

The dehydration of tert-butyl alcohol by sulfurane 1 
in chloroform at -50" is complete within seconds t o  
yield isobutylene. We suggest that the ionization of 
sulfurane 2 t o  give the tert-butoxysulfonium ion (per- 
haps catalyzed by a molecule of the acidic R,OH) is 
followed by rapid abstraction of a p proton. Sec- 
ondary alcohols, which dehydrate more slowly, give 
nmr evidence for the postulated rapidly equilibrating 
mixtures of sulfuranes at - 50". 

Earlier attempts t o  dehydrate tricyclopropylcarbinol 
(3) using sulfuric acid or phosphorus pentoxide failed t o  
yield any of olefin 4.3  Dehydration with sulfurane 1, 
however, gives 32 z (by nmr, 25 z by isolation) of 4 in a 
striking demonstration of the synthetic utility of this new 
dehydrating agent. The  method used for isolation of 
4 is of rather general applicability. The acidic RFOH is 
removed by washing with 10% aqueous sodium hy- 

(1) For earlier papers in this series, see J. C. Martin and R. J .  Arhart, 
J .  Amer. Chem. SOC., 93,2339, 2341 (1971). 
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C. Walling and M .  J. Mintz, J .  Org. Chem., 32, 1286 (1967). 
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