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water. Yield, 0.490 g. (87%), m.p. 210-'220°. [a]': +5.3" 
(e, 1.20 in pyridine). For analysis a sample WILS dried for 12 
hours in vaeuo over PZOS a t  78". 

&l. Calc'd for C23Hz~NTOI~: C, 49.18; H, 4.84; N, 17.46. 
Found: C, 49.0; H, 4.98; N, 17.36. 

L - A r g i n y l - 8 - p i h e n y l - ~ s ~ ' ~  (acetate). a-p-Nitrocarbobens- 
oxy-w-nitro-L-arginyl-j+phenyl-Lserine (0.400 9.) was sus- 
pended in 95% ethanol (20 ml.) containing 25% of glacial 
acetic acid. The compound was  hydrogenated for 18 hours 
at room temperature and at  atmospheric pressure over 10% 
palladium on carbon (100 mg.). The catalyst was separated 
by filtration and the solvent was concentrated in uanu,  at  
3 M "  to a volume of 10 ml.; the product then was precipi- 
tated with ether. The dipeptide was recrystallized from 
water-ethanol-ether. Yield: 0.298 g. (91%), m.p. 168-170' 
[elz: f39.7" (c, 0.73 in water). For analysis the product 
was dried for 18 hours in uactu) at  78". 

Anal. Calc'd for C17Hz7NaOa: C, 51.4; H, 6.8; N, 17.6. 
Found: C, 51.1; H, 6.7; N, 17.6. 

The products and intermediates prepared are shown in 
Tables I and 11. 
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The effect of substituents on the reactivity of the 
benzene ring and of side chains attached to it can 
be quantitatively described by means of the Ham- 
mett equation :' 

log k - log k" p a  

The p and u constants are being used by an ever- 
increasing number of investigators not only for 
summarizing experimental data but also for making 
various deductions about the nature of substitu- 
ents. The present note is concerned with the use 
of substituent constants for determining the con- 
jugative ability of electron-attracting groups. 

Hammett found that in one case, that of the p- 
nitro group, it is impossible to use a single value of 
u for all reactions; two distinctly different values 
are necessary. The larger of these (called u* by 
JaffB2) gives satisfactory results with reactions of 
aniline and phenol derivatives; the other value 
(the "normal" u value) applies to reactions to all 
other compounds. Table I lists the electron-at- 
tracting groups which are now known to require two 
substituent constants. 

This duality of substituent constants has been in- 
terpreted as evidence for resonance interaction of 
the substituent with amino, hydroxy, and similar 

(I) Hammett, Physical Organic Chembtry, McGraw-Hill 

(2) Jaff6. Chem. Reus.. 53. 191 (19531. 
Rook Co., Inc., New York, N. Y., 1940, Chapter VII. 

g r o ~ p s . ~  Furthermore, some authors4 have assumed 
that the magnitude of the difference between U* and 
u may be taken as a ineasure of the conjugative 
ability of a substituent. If this assumption is cor- 
rect, the substituents in Table I should be in order 
of their conjugative ability. For the most part, the 
relative order of the conjugative ability does not ap- 
pear unreasonable. There is, however, a striking 
anomaly. The difference between U* and u for the 
p-carboxy group places it near the top of the list; 
the corresponding difference for the p-carboethoxy 
group is near the bottom. It does not seem likely 
that two such similar groups have such different 
conjugative abilities. 

TARTX I 
CRorrps WITH Two SUBSTITUENT CONSTANTS 

Group a* - u 
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a The value for U* waa taken from ref. 1; the value for 
u was taken from ref. 2. Taken from 
ref. 2. Taken from ref. 4b. Taken from Bordwell and 
Boutan, Abstracts of Papers, 124th Meeting, American 
Chemical Sonety, Chicago, Ill., September, 1953, p. 81-0. 

Taken from Zollinger, Nature, 172, 257 (1953). Q Taken 
from ref. 4c. Taken from Freedman and Jttffi., J. Ani. 
Chenz. Soc., 77, 920 (1955). 

Taken from ref. 1. 

Taken from ref. 4s. 

According to Sklar,5 the effect of a substituent on 
the ultraviolet absorption spectrum of benzene de- 
pends mainly on the degree of resonance interaction 
between the substituent and the phenyl radical. 
Since we have found (cf. Table 11) that the spectra 
of benzoic acid and ethyl benzoate are virtually 
identical, there is probably no appreciable dif- 
ference between the conjugative effects of the p- 
carboxy and the p-carboethoxy groups. Doub and 
VandenbeW have concluded that the displacement 
of the "primary absorption band" of benzene may 

(3) (a) Branch and Calvin, The Theory of Organic Chemis- 
try, Prenticte-Hall, Inr., Xew York, S. Y., 1941, pp. 257, 
117; (b) Bordwell and Cooper, J .  A m .  Cheni. SOC., 74, 1058 
(1952); ( c )  Bordwell and Anderson, J .  A m .  Chem. Sor., 75, 
6019 (1953). 

(4) (a) Benkeser and Krysiak, J .  Ani. Chem. Soc., 75, 
2421 (1953); (b) Bordwell and Boutan, J .  A m .  Chem. Soe., 
78, 87 (1956); (c) Benkeser, DeBoer, Robinson, and Sauve, 
J .  Am.  Chem. SOC.. 78, 682 (1956). 

(5) Sklar, J .  Chem. Phys., 7, 984 (1939). 
(6) Dorih and Vandenbelt, J .  A m .  Chem. SOC., 69, 2714 

(1947). 
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be used as a measure of the resonance effect of a 
substituent. If this conclusion is valid, the order of 
groups in Table IT should parallel their conjugative 
ability. It is immediately obvious that the order of 
groups in Table IT is quite different from the order 
in Table I. In particular, the carboethoxy group is 
higher than five other groups in Table 11, but lower 
than the same five groups in Table I. It is also seen 
that the spectrum of tetraphenylsilane indicates 
that little or no resonance exists between the silicon 
atom and the benzene ring. An inves t iga t i~n~~ of 
substituent constants, on the other hand, led to the 
opposite conclusion. 

TABLE I1 
THE EFFECT OF SIJBSTITUENT~ ON THE PRIMARY (203.5 mp) 

BAND OF BENZENE 

X,,, - 203.5 
mP 

N 0 2  65.00 
CHO 46. Oa 
COCHa 42. On 
COOGH:, 27. Ob 
COOH 26.5,O 26. 5c 
CN 20.50 
S(C&)z+ 16.5d 
SO&Ha 13. 56 
Si( C& 13 0’ 

0 Taken from ref. 6. The ultraviolet absorption spectrum 
of ethyl benzoate was determined in 2% methanol accord- 
ing to the procedure previously described by Jaff6 and Freed- 
man, J. Am. Chem. SOC., 74, 1069 (1952); maxima at  230.5 
m r  and 273 mM (E 11,100 and 890 respectively). The spec- 
trum of benzoic acid was determined in 0.1 N hydrochloric 
acid; maxima at 230 mp and 273 niw ( e  11,600 and 990 
respectively). Taken from ref. 4b; water was used as the 
solvent. e Taken from Fehnel and Carmack, J .  Am. Chem. 
SOC., 71, 231 (1949); absolute ethanol was used as the sol- 
vent. 

f The spectrum of tetraphenylsilane was determined in 
95y0 ethanol; maxima at  203.5 mu, 254 mu, 260 mu, and 
264.5 m u  (e 48,000, 1180, 1590, and 1450 respectively). The 
spectrum of this compound was previously determined by 
Milazao, Gazz. chim. ital., 71, i 3  (1941); Chem. Abstr.. 37, 
1928 (1943). 

It should be emphasized, we believe, that the 
values of substituent constants are subject to ap- 
preciable errors.’ Since the differences between u* 
and u are, of course, liable to even larger errors, it 
seems unwise to rely on the magnitude of these dif- 
ferences as a measure of the conjugative ability of 
subst,ituent groups. 
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(7) Cj. Talde 8 of ref. 2. 
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We have observed that pyridazine can be alky- 
lated (or arylated) by means of organometallic com- 
pounds, and that such reactions may be used for the 
preparation of either 3- or 4-substituted pyrida- 
zines. Data on four typical reactions are surnma- 
rized in Table I .  

TABLE I 
REACTIONS OF ORGANOMETALLIC COMPOUNDS WITH 

PYRIDAZINE 

Position 
of Substi- Percentage 

Reac- metallic Isolated Substituted 
tion ComDound Solvent Product Pvridazine 

Organo- tiition in Yield of 

1 CsH5MgBr Ether 4 7 . 3  
2 C&Li Ether 3 17 
3 C,H,MgBr Ether- 4 23 

tetra- 
hydro- 
furan 

4 C,HoLi Ether 3 51 

4-Substituted pyridazines were isolated from the 
Grignard reactions, and 3-substituted derivatives 
from the lithium reactions. The solvent is also a 
factor in the orientation, for a mixture of 3- and 4- 
butylpyridazine was obtained from a reaction of 
butyllithium with pyridazine in a mixed ether- 
tetrahydrofuran solvent. 

The phenylpyridazines were characterized by 
their melting points and by derivatives; and the 
butylpyridazines, which were liquids, by oxidation 
to the known 3- and 4-pyridazinecarboxylic acids. 
Since the yields of the acids from these oxidations 
were of the order of 32410j0,2 the possibility can- 
not be excluded that the products from reactions 3 
and 4 were contaminated by some of the isomeric 
compound. The substance labeled 4-butylpyridazine 
seem to be essentially pure, however, for it was 
converted in 93% yield to a picrate, which melted a t  
107.5-108.5”. 3-Butylpyridazine did not form a 
crystalline picrate. Substituted pyridazines were 

(1) Financial support for this work came from the 
Research Corporation. 

(2) Variable yields have been reported for the pyridazine- 
carboxylic acids produced from oxidation reactions. Thus, 
(a) Poppenberg, Ber., 34, 3267 (1901), WBS unable to isolate 
any carboxylic acid from an oxidation of 3-methylpyridazine. 
On the other hand, (b) Leanza, Becker, and Rogers, J. Am. 
Chem. Soc., 75 ,  4086 (1953), obtained an 81% yield of 3- 
pyridazinecarboxylic acid from 3-hydroxymethylpyridazine, 
and (c) Gabriel and Colman, Ber., 32, 407 (1899), a 28% 
yield of the same acid from 3-p-hydroxyphenyfpyridazine. 


