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To  a solution of 12.9 g (0.042 mol) of endo-7-(methanesulfonyloxy)- 
methyl-cis-decalin-2-one ethylene ketal (10) in 120 m L  of ether was 
added 12.6 g (0.1 mol) of oxalic acid dihydrate and 40 m L  of water, 
and the resulting mixture was stirred a t  ambient temperature for 7 
h. 

T h e  reaction mixture was mixed with 150 m L  of water and  ex- 
tracted with three 50-mL portions of ether. The  combined ether ex- 
tracts were washed with ,50 mL of 5% sodium carbonate solution and 
then with water and dried over anhydrous magnesium sulfate. 
Evaporation of the ether gave 8.5 g (78% yield) of crude endo-7-  
(methanesulfony1oxy)met hyl-cis-decalin-2-one ( I ) :  IR (neat)  1710 
(uc=o), 1350, 1180 ( J J S = ~ ) ,  960, 820 cm-l; 'H N M R  (CDCl3) 6 0.9-2.6 
(complex m, 15 HI ,  3.00 (!j, 3 H, CHaSOz), 3.9-4.1 (m, 2 H, CHzOS02); 

Id), 37.9 (q) ,  38.4 ( d ) ,  4 0 9  (tl, 47.4 ( t ) ,  74.3 ( t ) ,  211.5 (s, C=O); mass 
spectrum, m/c (re1 intenaity) 164 (41), 107 (41), 106 (loo), 99 (47),93 
(53). 91 (62), 79 (78),  77 i46) ,  67 (531, 55 (42) ,  53 (501, 41 (971, 39 
(97). 
2,4-Bishomobrendan-7-one (2) .  A solution of 10.2 g (0.039 mol) 

of the crude end~~-7-(methanesulfonyloxy)methyl-cis-decalin-2-one 
(1)  obtained above in 100 mL of benzene was added a t  ambient tem- 
perature with efficient stirring to a suspension of 4.7 g (0.20 mol) of 
sodium hydride in IO0 ml, of benzene, and the resulting mixture was 
heated under reflux with stirring for 6 h. 

The reaction mixture was filtered. and the filtrate was concentrated. 
The concentration residue was absorbed on a silica gel packed column 
and eluted with whexane to afford 3.4 g (530/0 yield) of crude 2,4- 
hishomobrendan-;'-one (21. Golay column GC-MS showed the sample 
to  be of 9206 purity. \'PC fractionation yielded a pure sample: IR 
(neat)  1710 (VC.=O) cm-' IH N M R  (CDCla) 6 0.8-2.8 (complex m) ;  

(d) ,  34.7 ( t ) ,  39.1 i t ) ,  41.1 (d) ,  50.2 (d) ,  217.2 (s, C=O); mass spectrum, 
mle (re1 intensity) 164 (93, M+) .  109 (G), 107 (34), 93 (41) ,91 (35), 
80 (60) ,  79 (92), 77 (11). 6'7 (1001.66 (39), 53 (42), 41 (93) ,39 (94). 

Anal. Calcd f o r  CIIHl , jO:  C. 80.44; H ,  9.83. Found: C,  80.3; H, 
9.7. 

After the 2,4-bihhomohrendanone 2 had been eluted, the  silica gel 
column was further eluted with ether. Evaporation of the solvent left 
3.4 g (33% recovery) of the starting keto methanesulfonate 1. 

Wolff-Kishner Reduction of the Cyclization Product. A sample 
(0.1 g. 0.61 mmol) of the crude 2,4-bishomobrendan-7-one (2) obtained 
above was reduced in the usual manner with 0.2 g (4.0 mmol) of 100% 
hydrazine hydrate and 0.2 g of potassium hydroxide in 20 m L  of di- 
ethylene glycol to give 0.035 g (38% yield) of the reduction product. 
T h e  sample was shown upon Golay GC-MS to contain five constitu- 
ents, of which the major one (93%) agreed with 2,4-bishomobrendane 
(3).s The absence of tricy~lo[4.4.I.O:~~~]undecane ( 5 )  in the above 
sample was confirmed by comparison of the GC-MS behaviors of the 
sample with those of an authentic specimen of 5.6 

Registry No.--1, 6842,'1-44-9; 2, 68423-45-0: 3, 51027-87-3; 6, 

ethylene glycol, 107-21-1; methyltriphenylphosphonium bromide, 
1779-49-3; methanesulfonyl chloride, 124-63-0. 

"T N M R  (CDCIs) 6 ~ .  22.9 ( t ) ,  26.0 ( t ) ,  29.5 (t),  29.6 ( t ) ,  34.1 (d), 37.1 

"'C NMR (CDC1:jI 6 ~ .  24. (t).  28.3 ( t) .  31.6 (t),  32.5 ( t ) ,  33.1 (d) ,  33.4 
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The cycloaddition of tetracyanoethylene (TCNE) to elec- 
tron-rich olefins such as enol ether is supposed to take place 
through a zwitterionic intermediate or transition state, as 
supported by a strong dependency on solvent polarity,' in- 
complete stereospecificity,2 and acetal formation in alcoholic 
solvents.3 Strong evidence for the high polarity of the transi- 
tion state was also obtained from high-pressure kinetics which 
gives the volume of activation. The overall values of the vol- 
ume of activation for the cycloaddition of TCNE with enol 
ether are largely n e g a t i ~ e , ~  and even the cycloreversion has 
a negative volume of activation,5.6 despite the bond-breaking 
process. These mechanistic studies so far, however, have not 
evaluated the role of the colored electron donor-acceptor 
complex (EDA complex) which appears immediately after the 
mixing of TCNE and enol ether, and which fades with the 
formation of the cycloadduct. 

In the case of the Diels-Alder reaction between TCNE and 
9,10-dimethylanthracene, the EDA complex was proved to 
be a true intermediate by the fact that  the overall enthalpy 
of activation was n e g a t i ~ e . ~  The present work determines the 
volume change of each reaction step, both the EDA complex 
formation and the cycloaddition, in the reaction between 
TCNE and ethyl vinyl ether (EVE) in chloroform, based on 
the reaction scheme that the EDA complex is part of the 
pathway to the cycloaddition. 

The disappearance of the EDA complex is too fast to be 
followed by conventional method under high pressure. The 
technical difficulty has restricted the high-pressure study of 
thermal reactions in which such short-lived species occur. The 
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Figure 1. Photometric decay curve and its first-order plot of EDA 
complex between TCNE and EVE in chloroform a t  25 "C. 

problem was solved by using the in situ mixing technique 
developed by the present authors8 

The time dependence of absorbance at  428 nm (A,,, of the 
EDA complex) obeys the first-order rate equation very well 
when EVE is in large excess over TCNE, as shown in Figure 
1; it was extrapolated to t - 0, and with the absorbance A0 a t  
t = 0, the equilibrium constant of the EDA complex formation 
K1 was determined by the Benesi-Hildebrand equation. 

(1) 
a 1 1 1  _ -  --+--  

A0 t l  Kit1 d 
In this equation, a is the initial TCNE concentration, d the 
EVE concentration, t the molal absorption coefficient of the 
EDA complex, and 1 the optical path length. From the slope 
of the plot a/Ao vs. l/d and the known quantities o f t  and 1,9 
the values of K1 a t  25 "C were determined a t  pressures up to 
l.500 kg/cm2 (1 kg/cm2 = 0.9806 X lo5 Pa).  

The cycloreversion is practically negligible in the course of 
the disappearance of the EDA complex under the present 
experimental conditions, and the zwitterionic intermediate 
(ZI) was not accumulated. So, k-&3 and/or k-2 in Scheme 
I are considered to be very small, and Izz is held to be the 
rate-determining step. The kinetic analysis gives the observed 
first-order rate constant hobsd as represented by 
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Figure 2. Dependence of kabsd on EVE concentration. The slope of 
each line gives the value of kp at that pressure (eq 2). 

As seen in Figure 2, the plot of k & s d  vs. K ld / ( l  + Kld)  gives 
straight lines passing the origin. The equilibrium constant and 
the rate constant k2 are shown in Table I together with the 
volume change AV1 and the volume of activation AV2* a t  1 
atm, which can be calculated from the relation {d  In Kl(or  
hz)/dP)T = -AVl(or AV2*)/RT. 

The sum of AV1 and AV2* agrees very well with the overall 
volume of activation AV,,,* (= -38.0 cm3/mol) which was 
previously determined by observing the disappearance of 
TCNE in d i~h lo romethane .~~  The EDA complex is not highly 
polar, and the volume change accompanying its formation is 
known to be in the range of -3 to -10 cm3/mol;10 the con- 
traction is mainly due to the structural contribution as the 
component molecules come close together. The radius of the 
complex rEDA based on the ideal and spherical model is esti- 
mated to be 4.2 A from SV1 and from the molar volume of 
TCNE and EVE," under the assumption that the solvation 
term in AV1 is negligible. 

For the activation process of the cyclobutane ring forma- 
tion, the EDA complex is expected to further contract by 
nearly 4 cm"mo1, since the overall volume of activation (Le., 
the difference of molar volume between the adducts and the 
transition state) has been found to be about -14 cm3/mol.*a 
The radius of the transition state (TS) is 4.17 A by a similar 
calculation. The solvation part in AV2*, AV2* (solv) = AV2* 
- (-4) = -24 cm3/mol, is reasonably assumed to come from 
the change in solvation between the EDA complex and (TS), 
as expressed by Kirkwood's relation. 

Table I. Equilibrium Constant, Rate Constant, and Volume Change at 25 "C in Chloroform 

pressure, kg cm-* 1 250 500 1000 1500 

K1, kg mol--' 0.37 f 0.01 0.42 f 0.02 0.49 & 0.02 0.56 f 0.02 0.63 f 0.03 
k z ,  s-' 0.053 & 0.002 0.069 f 0.002 0.093 f 0.003 0.161 & 0.004 0.271 & 0.005 
AV1, cm3 mol-' 
AVz*, cm3 mol-' 

-10.3 f 1.4 
-28.0 k 2.0 
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The quantity of PED,\ may be approximated to the dipole 
moment of EVE, 1.25 D, because the polarity change due to  
the EDA complex formation is presumed to be very small. The 
estimation of F* by the use of the literature value" of q results 
in 15 f 1 D, which is surprisingly in accordance with value of 
the TCNE-n-butyl vinyl ether system.4a Due to the presumed 
zwitterionic character' of (TS), the relative rate of the cy- 
cloaddition may be correlated with the electron density on the 
13 carbon on vinyl ether. On the other hand, there are some 
suggestions that the interaction with the cu-carbon is very 
important in (7's) as well as the EDA complex formation.':' 
The origin of high dipole moment of (TS) is left unsolved. 
Studies of the effect of electron densities of a- and &carbons 
on volume changes are in progress. 

Experimental Section 
All chemicals were commercially obtained. Tetracyanoethylene 

( T C N E )  was sublimed three times under vacuum a t  50-55 "C in the 
presence of active carbor ,  m p  201 "C. Ethyl vinyl ether (EVE) was 
washed five times with slightly alkaline water (pH 8), dried over KOH 
for 30 h ,  and then distilled three times, bp 35.5 "C. Chloroform 
(Spectrograde Reagent. Nakarai Chemicals Ltd.)  was used without 
further purificaticln. 

T h e  cycloadduct (P)  was prepared from CHzC12 solution for the 
purpose of identification. Although the same reaction occurs in CHCI:1, 
the  preparation in CH7C12 is easier because the  solubility of T C N E  
is about fivefold larger in CH2CI?. T o  100 mL of CH2C12 containing 
8 mmol of T C N E  I mol O F  EVE was added slowly a t  room tempera- 
ture. T h e  T C N E  dissolved in the course of the reaction. After about 
10 h ,  a large quantity of petroleum ether was added to the solution, 
and then the precipitate was recrystallized from CH2C12. The product 
was identified as  (P):  m p  141 "C: NMR (JEOL JNM-PS-100, in 
Me?CO-d,j) 6 1.32 ( t ,  3. Cl<;jJ, 3.12 ,  4.00 ( m ,  4, OCHr and CHz), 5.12 
( t ,  1, CH) .  Anal. Calcd: C ,  59.99; H. 4.08: N,  27.99: O,7.99. Found: C,  
,59.:39; H ,  3.95; N. 38.64: 0. 8.00. 

Kinetic Experiment. 'The U V  spectrum and reaction rate a t  a t -  
mospheric pressure were determined with a double-beam spectro- 
photometer (Shimadzu t1V 200s) and a rapid mixing apparatus 
(Union Giken MX-7-03) in 10-mm quartz cuvettes. The concentration 
alter mixing was 1-5 mmol/kg lor T C N E  and 0.05-0.7 mol/kg for 
EVE. 

The  high-pressure experiment was carried out  by using the in situ 
mixing technique described e l s ~ h e r e . ~  T h e  T C N E  solution was in 
a reaction cell made of nonmagnetic stainless steel having two quartz 
windows (path length 8 mm) and containing a Teflon-coated magnet 
attached to a glass capsule containing EVE solution. These inner cell 
parts were assembled in the high-pressure bomb equipped with two 
sapphire windows, the pressure was raised, and after a t ta inment  of 
thermal equilibrium the glass capsule was broken with the aid of 
movement of the magnet caused by an electrical trigger. The solutions 
were mixed complerely within 5 s. The  transmittance a t  428 nm was 
followed with a sin~:le-heam spectrophotometer (Hitachi-139). T h e  
reference light intensity was taken for T C N E  solution before mixing: 
the TCNE was transparenr a t  428 nm. 
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The remarkable success of pentafluorophenyl esters in 
peptide chemistry2 prompted us to examine the potential 
application of esters of this type in acylation reactions beyond 
the scope of peptide chemistry. We are now reporting pen- 
tafluorophenyl acetate3s4 (1) as a new, highly reactive acetyl- 
ating agent, useful for acetylation of N and 0 functions under 
mild conditions, with outstanding selectivity toward the for- 
mer. Compound 1 is easily accessible in 290% yield from 
pentafluorophenol (2) and acetyl bromide and is stable a t  
room temperature. 

Pentafluorophenyl acetate ( l ) ,  applied in 3 molar equiv, 
reacts smoothly with primary and secondary amines in di- 
methylformamide (DMF), usually a t  ordinary temperature, 
to give the corresponding N-acetyl derivatives in high yields. 
According to TLC, the reactions go to completion within 2-12 
h. The following amines were acetylated: ethylamine (811, 
isopropylamine (88), t er t  -butylamine ( 7 7 ) ,  cyclohexylamine 
(81), dicyclohexylamine (72), morpholine (81), aniline (84), 
N-methylaniline (83), benzylamine (82), and a-phenyleth- 
ylamine (75). The numbers in parentheses indicate the per- 
cent yields of purified acetylatg amines obtained from 1-2 
mmol of amines in 3 mL of DMF. Acetylation of dicyclohex- 
ylamine required heating 4 h a t  80 "C. 

The  acetylation of alcohols requires the presence of a ter- 
tiary base, such as triethylamine (TEA). Thus, acetylation of 
ethanol in a mixture of 1.7 mmol of EtOH, 5.1 mmol of 1, and 
5.1 mmol of TEA in 1 mL of DMF went to 10,36, and >90% 
completion in 20, 120 min, and -24 h, respectively, a t  room 
temperature. At 80 "C the reaction was complete in 68,87, and 
90% yield in 60, 140, and 160 min, respectively, according to  
GC. Under identical conditions a t  80 "C, acetylation of iso- 
propyl alcohol was complete in 16,60, and 92% in 1.4,5.75, and 
15.5 h, respectively, according to GC. 

The following alcohols and phenols were acetylated by 
heating 1-3 mmol of each with 3 molar equiv of both 1 and 
TEA in 3 mL of DMF at 80 "C for 12-60 h: ethylene glycol 
(72%), 1,2-propanediol (75%), glycerol (74%), cyclohexanol 
(Sooh), benzyl alcohol (92%), benzyl lactate (78%), and estradiol 
(82% 3-acetate and 67% diacetate). Pentafluorophenol (2) 
formed in the reaction was removed during distillation or 
crystallization of the products. The reactions were followed 
by GC or TLC, and the products were 299% pure according 
to  GC. 

The outstanding difference in the reactivity of 1 toward 
amines and alcoholic hydroxyl groups in the absence of ter- 
tiary base together with sufficient activation of 1 by TEA to 
acetylate primary and secondary alcohols in DMF render 1 
a highly advantageous acetylating agent for both selective 
N-acetylation and N,O-diacetylation of amino alcohols in the 
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