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Figure 4. Cross section of the substrate-receptor complex. 

Figure 5 .  Cross section of the X group perpendicular t o  the  group 
axis. 

- 1 -  - - 'Y-ircw? a x i 5  

Figure 6. Cross section o f  t he  X group inc lud ing the  group axis, 

We suggest that the significance of volume or bulk param- 
eters in QSAR is that they represent some kind of bonding 
interaction between the biologically active molecule and the 
receptor site contributing to the formation of a complex and 
that steric effects (in the sense normally used in physical or- 
ganic chemistry) are not involved. 
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involved and steric effects are not present. 
It has been suggested that there may be "steric" effects in 

biological systems which are entirely different from those 
encountered in ordinary chemical reactions and that such 
effects may indeed be volume dependent. We would like to 
suggest that in biological systems two sources of steric effects 
are possible: those which are entirely analogous to the steric 
effects encountered in ordinary chemical reactions, and those 
which are due to the formation of a complex between the 
substrate and some receptor site. If the receptor site resembles 
a planar surface, the steric effect of a group attached to the 
substrate will depend on how far it extends beyond the rest 
of the substrate. Its steric effect will therefore be directional, 
as are the steric effects in ordinary chemical reactions (see 
Figure 4). If the receptor site is a hole or depression, the steric 
effect of the attached group X will be dependent on its mini- 
mum and maximum perpendicular van der Waals radii and 
its parallel van der Waals radius (see Figures 5 and 6). Unless 
the group has considerable symmetry, its appropriate van der 
Waals radii will not be a simple function of its volume. I t  fol- 
lows then that even in a biological system a dependence of 
steric effects on group volume is not likely. 

Cycloadditions with Quadricyclane. 
Synthesis of Fused-Ring 1,Z-Diazetidines 
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The unique chemical reactivity of molecules containing 
strained u bonds has been of considerable experimental and 
theoretical interest to organic chemists. Most notable of these 
highly reactive compounds are bicycl0[2.1.0]pentane,~ bicy- 
clobutanes,2 and tetracyclo[3.2.0.02~T.04."] heptane3 (quadri- 
cyclane, Q). The [ 2 ,  + 2 ,  + 2,] cycloadditions of quadricyclane 
with a variety of dienophiles3.4 suggest significant interaction 

Q 
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between the two cyclopropane rings. Reactions with dia- 
stereomeric ethylenic dienophiles are both regio- and 
stereospecific,:it1 suggesting a concerted mechanism for the 
cycloaddition. Recent MINDO/2 calculationss,fi have been 
interpreted in support of a concerted processfi We wish to 
report that the reaction of Q with diaroyldiazines 1 ,  as with 
diethyl azodicarboxylate,,'ic provides a general synthesis for 
fused-ring 1,2-diazetidines 2. Substituent and solvent effects 
on reaction rates suggest the intermediacy of a charge-transfer 
complex in the cycloaddition. 

Diaroyldiaziries 1 were synthesized by oxidation of the 
corresponding hydrazines 3 with 5% chlorine water. Refluxing 
I with excess Q produces 1,2-diazetidines 2. lH NMR spectra 
of 2a-c display singlets for diazetidine ring protons (H2, Hs). 

0 0 

C', 1 
3 

f 

Q + X--(@CN=NC*S 
II II 
0 0  
1 

0 

2 

a, X = C F , ;  b, X = H ;  C ,  X = OCH,  

The absence of significant coupling between protons a t  C-2 
(C-5) and bridgehead protons a t  C-1 (C-6)  supports the as- 
signed exo stereochemistry3asbs7 for 2a-c. 

Rates of reaction were determined by monitoring the dis- 
appearance of azo compound by visible spectroscopy. Rates 
for la-c in the presence of a tenfold excess of Q were of the 
first order through three half-lives in both carbon tetrachlo- 
ride and acetonitrile. Second-order rate constants h deter- 
mined a t  60 "C are listed in Table I. Two trends are readily 
discernible from Table I: (1) reaction rate is accelerated as the 
azo substituent becomes more electron withdrawing, a factor 
of 220 for la vs. I C  in acetonitrile; and (2) a small rate en- 
hancement is observed as solvent polarity increases, factors 
of 6, 14, and 24 for IC,  lb,  and la, respectively, on changing 
f rum carbon tetrachloride to acetonitrile. 

These results indicate that an intermediate of polar char- 
acter precedes product formation. A fully developed dipolar 
ion 4 is unlikely since rate enhancements in polar solvents are 
small. Mechanisms with polarized biradical 5 or charge- 
transfer complex 6 as intermediates are reasonable alterna- 
tives. The stereospecificity observedab in other cycloadditions 
involving Q renders unlikely the involvement of a biradical 
long lived enough to undergo rotational equilibration.* 
Charge-transfer complexes of Q with a variety of dienophiles 
have been r e p ~ r t e d ; ~ ~ . ~  and the involvement of an analogous 
complex 6 in this cycloaddition is consistent with the observed 
polar solvent and substituent effects. Attempts to observe 

Table I. Second-Order Rate Constants for the Reaction of 
Quadricyclane with Diaroyldiazines at 60 "C 

comud" solvent 104h, M-' s-l A, nmb 

l a  cc14 9.6 465 
CH:<CN 229 485 

465 
I C  cc14 0.16 465 

CH3CN 1.04 500 

l b  CC14 0.51 455 
n -  CHsCN 1.0 

0 [l]" = 0.01 M; [Q]" = 0.10 M. Wavelength at which disap- 
pearance of 1 was monitored. 

Q +  

[ Q' . l - . ]  
6 

complexes 6 by visible spectroscopy have been unsuccessful, 
perhaps attributable to an unfavorable equilibrium for for- 
mation and/or rapid collapse to p r ~ d u c t . ~  

Experimental Section 

'H NMR spectra were recorded on a Varian T-60 or a Hatachi 
I'erkin-Elmer R-24B spectrometer; chemical shifts (6) are expressed 
i n  parts per million relative to tetramethylsilane. I9F NMR spectra 
were recorded on a Varian T-60 spectrometer with chemical shifts in 
parts per million relative to CFC13; IR spectra were recorded on a 
Perkin-Elmer 710B spectrometer. Melting points are uncorrected. 
All solvents were freshly distilled before use. 

Preparation of Diaroylhydrazines 3a-c. Hydrazine hydrate (1.4 
g, 43.1 mmol) was added dropwise over a 30-min interval to an ice-cold 
solution of 86.2 mmol of the appropriate para-substituted benzoyl 
chloride in 100 mL of pyridine. The solution was stirred for an addi- 
tional 1 h a t  room temperature and diluted with 1 L of water. The  
resulting precipitate was filtered and dried in vacuo. Analytically pure 
samples can be obtained by recrystallization from acetone or eth- 
anol. 

For 1,2-bis(p- trifluoromethyl)henzoyl]hydrazine (3a, 75%): mp 
265-267 "C; 'H NMR (pyridine-ds) 6 8.18 (d,  4 H, J = 9 Hz), 7.70 (d,  
4 H. J = 9 Hz);  I9F NMR (pyridine-d5) 6 38.92 (s); IR (KBr) 3200 
(NH) .  1603 (C=O) cm-'. Anal. Calcd for C ~ ~ H ~ ~ F G N ~ O Z :  C, 51.08; H, 
2.68; N, 7.45. Found: C, 50.74; H, 2.44; N, 7.45. 

For 1,2-dihenzoylhydrazine (3b, 90%): mp 241-243 "C (lit.Io 
240-242 "C). 

For 1,2-his(p-methoxyhenzoyl)hydrazine (Bc, 89%): mp 228-229 
"C (lit." 228 "C). 

Preparation of Diaroyldiazines la-c. A mixture of 13.3 mmol 
of hydrazine, 125 mL of dichloromethane, and 200 mL of 5% chlorine 
water was stirred at  room temperature. Upon complete extraction of 
the water-insoluble diazine into dichloromethane, the organic phase 
was separated, washed with 10% aqueous sodium bicarbonate, and 
dried over magnesium sulfate. Solvent was removed at  reduced 
pressure; of the resulting crude azo compounds. only la required re- 
crystallization from petroleum ether. 

For his[p- (trifluoromethyl)henzoyl]diazine (la, 5 4 O h ) :  mp 145-146 

IYF NMR (CDCls) d, 37.08 (s); IR (KBr) 1718 cm-l (C=O), no NH; 
UV (CC14) A,,, 465 nm (c 61). Anal. Calcd for ClfiHs FsN202: C, 51.35; 
H, 2.15; N,  7.49. Found: C, 51.29; H, 1.97; N, 7.51. 

For dibenzoyldiazine ( lb,  73%): m p  117-119 "C (lit.'* 119.5-121.5 
"C). 

'C; 'H NMR (CDC13) 6 8.05 (d, 4 H, J = 8 Hz), 7.85 (d,  4 H, J = 8 Hz); 
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For bis-(p-metnoxyhenzoyl)diazine (IC, 96%): mp  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 
car 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 ion -~ -~ :ne  (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 ) , 4 . 4 9 ( ~ , 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 rav io le t~~vis ib le  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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2,3-Dimethylenebutadiene Dianion: Convenient 
Procedure for Allylic Metalation of Conjugated 

Dienes 
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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 dimetalationhing 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. It 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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