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For bis-(p-metnoxyhenzoyl)diazine (IC, 96%): m p  133-134 " C  (lit.] I 
] ; I2 " C ) .  

Preparation of 1,2-Diazetidines 2a-c. A solution of 4.6 g (50.0 
mtnol) 0 1  quadricyclane and 16.8 mmol of the appropriate diaroyl- 
diazine la-c in 200 mL of acetonitrile was refluxed for the following 
periods of time: 1.5 h for la, 3 h for Ib, and 24 h for IC. Removal of' 
sc~lvent and excess quadricyclane a t  reduced pressure afforded crude 
1 .?--diazetidines 2a-c in yields in excess of 90?& Recrystallization from 
ca r tmi  tetrachloride afforded analytically pure 1,2-diazetidines in 
90, 65, and 60?0 yields for 2a, 2b, and 2c, respectively. 

For ~i,4-bii~p-~trifluoromethyl)benzoyl]-:1,4-diazatricyclo- 
~ 4 . ~ . 1 . 0 ' ~ s ] t i o n - ~ - ~ : n e  (2a): m p  220-221 "C; 'H NMR (CDCI:]) 6 7.90 
id.  4 H. J = 9 Hz) ,  7.37 ( d ,  4 H . J  = 9 Hz) ,  5.95 (broads,  2 H) ,  4.42 (s, 
2 H) ,  2.98 (broad c ,  2 H).  2.25 (d, 1 H, J = 9 Hz), 1.77 (d, 1 H, J = 9 Hz); 
'"F NMR (CDCI,;) 05 36.81 ( s ) ;  IR (KBr)  1685 cm-' (C=O), no NH.  
Anal. Calcd for C'Z:IHl(;F~N~O~: C, 59.23; H, 3.46; N, 6.01. Found: C ,  
,79,28; H. 3.24; N ,  5.90. 

For : i .4-dibenz~~yl- ;~,4- t i iazatr icyclo[4,2. l .O~~~]non-7-ene (2b): mp 
211-212 "C; 'H NMR (CDC1:3) 8 7.57--8.09 (m,  10 H), 6.10 (broad s, 
~ H H ) . 1 . 4 9 ( s , 2 H ~ . : 1 . 0 8 i h r o a d s , 2 € ~ ) , 2 . 3 8 ( d , l H , J =  11 Hz) , l .78  
id. 1 H. J = 11 Hx); IR (KBrl 1680 cm-' (C=O). no NH.  Anal. Calcd 

X 3 4 :  H ,  5.49; N ,  8.48. Found: C. 76.01; H,  5.22: 
N. 8.16. 

For :i,4-bis(p- rnethoxybenzoyl)-3,4-diazatricyclo[4.2.l.Oz~s]non- 
7-ene (2c): mp  190-191 "C: 'H NMR (CDC13 (6 7.97 (d, 4 H, J =  9 Hz), 
' 7 . 0 5 ( d , 4 H . J =  t ~ H z ) , 6 . 1 O ( b r o a d s , 2 H ) , 4 . 4 7 ( ~ , 2 H ) , 3 . 9 5 ( ~ , 6 H ) ,  
:2,:i8 rd. 1 H. J = 10 Hzi, 1.85 (d,  1 H, J = 10 Hzj; IR (KBr)  1670 cm-I 
1 C=O), no NH. Anal. Ca , ~ H ~ ? N Z O ~ :  C, 70.75; H, 5.68; N, 7.71. 
Found: C ,  70.52; H, 5.56 

Kinetic Measurements. Solutions of 0.01 M in la-c and 0.1 R.I in 
quadricyclane in acetonitrile o r  carbon tetrachloride were tightly 
stoppered in roui-id-bottom flasks and heated at  60 f. 1 "C in a ther- 
mostatically controlled water bath.  Aliquots were withdrawn at  var- 
I ( I U S  intervals and immediately quenched a t  -78 "C. Analyses for 
unreacted la-c were performed by Fisible spectroscopy on a Cary-14 
~~ l t r av io l e t~~v i s ib l e  spectrometer at the wavelengths shown in Table 
1. Pseudo-first-order rate constants were determined graphically over 
a t  least three half-lives for the disappearance of la-c. Second-order 
rate constants ii (shown in Table I )  were determined by dividing the 
ol)serired pseudo-first-order rate constants by initial quadricyclane 
concentration an< i  represent the average of a t  least two runs. First-  
order rat,e consta i t s  at  60 "C for thcb unimolecular decomposition of 
la-c in the absence of quadricyclane account for less than 5% of the  
~ihserved pseudo-first-order rate constant in the presence of the hy- 
drocarbon. 
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While 2,3-dimethylenebutadiene dianion (1) has been 
formally present as a ligand of iron in a complex,' efforts to 
prepare alkali metal salts of it by metalation of 2,3-dimeth- 
ylbutadiene with base-solvent systems such as n-butyllith- 
ium-tetramethylethylenediamine have failed due to faster 
addition to its conjugated diene system. This rapid addition 
to 1,3-dienes has made the much less accessible 1,4-dienes the 
usual precursors of pentadienyl carbanions,' though 1,3-dienes 
can be used with KNH?/NH3 with its temperature and pres- 
sure limitations.,' We wish to  report that Lochmann's base 
mixture n-butyllithium-KO-t -Bu4 metalates 2,3-dimethyl- 
butadiene smoothly to dianion 1 and in addition gives pen- 

1 2 3 4 5 6 

tadienyl anions 2 and 3 in good yield from the corresponding 
1 ,%dienes. 

After efforts to prepare 1 by dimetalation/ring opening of 
isopropenylcyclopropane failed,5 direct dimetalation of 
2,3-dimethylbutadiene using Lochmann's base was found to 
work well. The dianion salt dissolved in tetrahydrofuran 
(THF)  to give a IH NMR spectrum consisting of a broad sin- 
glet a t  8 1.05. I t  reacted with D20 to give a 73% yield of di- 
deuterio-2,3-dimethylbutadiene and with diethyl sulfate to 
give a 71% yield of 2,3-dipropyl-1,3-butadiene. 

This same metalation procedure gave a quantitative yield 
of pentadienyl anion (2, lH NMR in T H F - C ~ ~ , ~  expected 
products from D20 quench2) from a mixture of (Z)- and 
(E)-piperylenes but went to a mixture of di- and trianion7 
from 1,3-cycloheptadiene. Monanion 3s was prepared virtually 
free of di- and trianion using 1 equiv each of KO-t-Bu and 
n-butyllithium and inoerse addition. 

As monoanion 4 is no doubt an intermediate in the above 
metalation which produces dianion 1, it was expected that 
isoprene could be metalated by this system to the elusive 2- 
vinylallyl anion 5: isomeric with 2. However, in this case ad- 
dition of n-butyllithium to give allyl anion 6 predominates 
(H20 quench products: 2-methyl-1-octene and 2-methyl-2- 
octene). The formation of an allyl anion with a primary and 
a secondary charge-bearing carbon in the latter case (primary 
and tertiary in the 2,3-dimethylbutadiene case) presumably 
tips the balance in favor of addition. 

This metalating system can no doubt be used for the 
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preparation of many new anions other than 1-3 from conju- 
gated dienes. We are investigating this and also further re- 
actions of new dianion 1. 

Experimental Section 
Melting points were determined on a Kofler hot-stage and  are un-  

corrected. N M R  spectra were recorded on a Varian T-60 spectrome- 
ter. Chemical shifts are expressed in parts per million downfield from 
tetramethylsilane. Gas chromatography (GC) was performed with 
a Varian Aerograph, Model 700, equipped with a 6 ft X 0.25 in. column 
packed with 10%' UCON LB550X on Chromosorb W. 

D i a n i o n  1. T o  a mixture of 2.24 g (20 mmol) of KO-t-Bu, 20 mL of 
pentane,  and 9.6 mL (20 mmol) of 2.2 M n-BuLi in hexane (ALFA 
Division, Ventron Corp.) in a n  argon-filled round-bottom flask was 
added dropwise via dropping funnel over 5 min with stirring 1.15 mL 
of 2,:3-dimethyl-1,3-butadiene in 20 mL of pentane. After being stirred 
10 min more, t he  orange dianion 1 salt  was allowed to sett le,  the su- 
pernatant was removed via syringe. and the solid was blown dry with 
argon. For reactions, it was suspended in 20 m L  of dry T H F ;  a satu-  
rated solution in THF-ds  gave a 'H N M R  spectrum consisting of a 
single broad peak a t  d 1.05. This dianion preparation proceeds in 
70-80% yield as judged by the yields of quench products given 
helow. 

A n i o n  2. The  same metalation procedure quantitatively converted 
a mixture of (Z). and (E)-piperylenes to  pentadienyl anion, as  indi- 
cated by its 'H NMR spectrum.6 The  outer C-C rotation barriers in 
the carbanion prepared in this way are noticeably higher than those 
of the earlier preparation. 

A n i o n  3. T o  a mixture ofO.58 g (5.1 mmol) of KO- t -Bu ,  15 m L  of 
pentane and 0.5'7 g (5.1 mmol) of 1,3-cycloheptadiene in an argon- 
filled round-bottom flask was added dropwise via syringe 2.0 mL (5.2 
mmol) of 2.6 M n-BuLi in hexane over 5 rnin with stirring. After being 
stirred for 10 min more, the green monoanion 3 salt was allowed to 
sett le,  t he  supernatant was removed via syringe, and the  solid was 
blown dry with argon. For reactions, it was dissoli,ed in 20 mL of ether. 
This  anion preparation proceeds in 50-6070 yield. 

R e a c t i o n  o f  D i a n i o n  1 with DpO a n d  D i e t h y l  Sul fa te.  To an 
argon-filled, sept urn-capped. 250-mL. round-bottom flask equipped 
with magnetic stirring bar a t  -78 "C were added 30 mL of dry T H F  
and 2 equiv ofD.0 or diethyl sulfate. The  reaction was conducted with 
rapid stirring by dropwise addition of dianion suspension via syringe 
through the septum cap. After being stirred for 30 min, the reaction 
mixture was quenched with 1 mL of HzO. For the DzO quench, 20 mL 
ofpentane was added, and the solution was extracted 5X with water 
t o  remove T H F  and inorganic salts. T h e  pentane solution was dried 
over magnesium sulfate, and the product was purified by distillation. 
For the diethyl sulfate quench, 20 mL of 10% KOH in 80% ethanol was 
added to the T H F  solution to hydrolyze any remaining diethyl sulfate. 
After ;3 h of reflux. the solution was extracted with pentane and dried 
civer magnesium sulfate. and the pentane was removed by rotary 
evaporation. The  product was purified by GC a t  90 "C. The  yield of 
dideuterio-2,3-dimethylhutadiene (MS, m/e 84; 'H NMR (4H) 15 1.7) 
was 7$'3%. T h e  yield of 2,3-dipropyl-1,3-hutadiene was 71%. 

Reac t ion  o f  A n i o n  3 with Dp0. One equivalent of  D20 was added 
quickly to the  ether solution of 4. T h e  solution was extracted with 
saturated ammonium chloride, and the ether was removed by distil- 
lation. A Kugelrohr distillation was performed a t  130 "C,  and the 
distillate was purified by preparative GC. The  yield of 5-deuterio- 
l.:(-heptadiene (MS. m / e  95: 'H NMR (3 H) h 2.0) was 52%;. 
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Acyl chlorides are usually prepared from the parent car- 
boxylic acids or their salts. This is true even when the corre- 
sponding ester is more accessible because there is no general 
method for a one-step conversion of esters to acyl chlorides. 

Our research required a large sample of chlorofluoroacetyl 
chloride. The  ethyl ester of chlorofluoroacetic acid is readily 
available,' but the free acid is difficult to  prepare in good yield 
because of its volatility and extreme water solubility.? The  
sodium salt also presents difficulties because it is thermally 
unstable. T o  overcome these problems, we developed a one- 
step method for the conversion of esters to the corresponding 
acyl chlorides by using a mixture of phthaloyl chloride and 
chlorosulfonic acid. 

Chlorofluoroacetyl chloride was prepared in 50% yield by 
heating an equimolar mixture of ethyl chlorofluoroacetate and 
chlorosulfonic acid and distilling out the chloride as it was 
formed. The  yield was improved to 8870 when an equimolar 
amount of phthaloyl chloride was added t o  the reaction mix- 
ture. Some gases, particularly ethyl chloride. were also formed, 
so the product was collected in an  efficiently cooled re- 
ce ive r. 
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Bromofluoroacetyl chloride and chloroacetyl chloride were 

also prepared in good yields by this same method from their 
corresponding esters. In addition, acetyl chloride was formed 
from ethyl acetate, but in this case the yield was only 52%. The 
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