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stants derived from aliphatic compounds through 
the relationship 

Using the a-value of Roberts and Jaff6l0 this equa- 
tion is simply ern = 1.18 uI + b/3. 

Finally, it shouid be stated that although u- 
values were used, the identical plots would be ob- 
tained if pK,- values had been plotted for the 
benzoic acid system. Plots of pK.- values for phenols 
and anilinium ions show much greater deviations 
from linearity than found in the benzoic acid family. 
Resonance interactions seem to offer a possible 
explanation for some of these deviations. This sug- 
gests that of the dipolar groups shown in Fig. 1, 
only the oxygen substituents are strongly conju- 
gated with the carboxyl group. 
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ADDED IN PROOF: Nathan L. Bauld presented a t  the 
139th A C. S. Meeting (March 1961) a relationship similar 
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Two descriptions of norbornadiene-silver nitrate 
complexes have been pub l i~hed .~ ,~  On the basis of a 
silver analysis only, the complex precipitated from 
aqueous solution was first inferred to be C7HX. 
AgNOa (1 : 1 complex). * The later report described 
a product, recrystallized from ethanol, which 
gave carbon, hydrogen and silver analyses in agree- 
ment with the formula C7H8.2AgT\;03 (1:2 com- 
plex). 

Because of the implications of the composition of 
the complex for conjugative properties in the diene,s 
this system has now been reexamined and additional 
data have been collected. The white solid which is 
initially precipitated from 1M silver nitrate solu- 
tion by the addition of norbornadiene gives analyses 
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Soc.,'81,571(1959). 
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which are not in agreement with either the 1:l 
or the 1:2 formula. Instead, the found values for 
carbon, hydrogen and silver lie in between those 
calculated for the 1 : 1 complex and the 1 : 2 complex. 
Different preparations have different compositions, 
and sometimes the silver analysis is close to that 
required by the 1 : 1 formula.a Contamination of the 
1 : 2  complex by neither water nor silver nitrate 
would lead to both low silver and high carbon- 
hydrogen analyses. The most reasonable inference 
about this initially-precipitated material is that 
it is a mixture of 1 : l  and 1:2 complexes whose 
exact proportions vary from preparation to prep- 
aration. On this assumption one may calculate 
the composition of the materjal. Two analyses, 
for example, indicate compositions of 51% and 3270 
of 1 : 1 complex, respectively. 

When the initially-precipitated material is either 
recrystallized from ethanol* or is stirred well with 
water and then rinsed on a suction filter with cold 
alcohol and ether, the resulting white solid gives 
analyses for a 1:2 complex. Unlike the initial 
precipitate, which chars over a rather wide tem- 
perature range, the recrystallized material melts 
sharply. The 1:1 complex apparently is the more 
soluble and is readily removed by thorough washing 
with water or by recrystallization from ethanola6 

Attempts to prepare the pure 1: 1 complex have 
been unsuccessful, but they have nonetheless pro- 
vided evidence for the existence of such species in 
the mixture. When pure 1 : 2 complex was recrystal- 
lized from ethanol containing 10% of norborna- 
diene, the white needles gave analyses corresponding 
to a mixture of 27% of the 1 : 2 complex and 73% 
of the 1: l  complex. This mixture readily lost 
norbornadiene during extended suction filtration 
and subsequent standing in air; the composition 
returned to that of the 1 : 2 complex. It seems highly 
unlikely that the forming crystals would selectively 
occlude the minor component of the solvent mixture 
to  the complete exclusion of the major component. 
It is possible however that the geometry of the 
norbornadiene molecule permits it to  fit in holes 
in the crystal structure, without otherwise being 
chemically bound to  the silver ions, and that 
ethanol molecules are unsuited for this. In order 
to examine this possibility, the pure 1 :2  complex 
was recrystallized from a mixture of ethanol and 
norbornane. Achievement of exactly identical steric 
requirements for a diene and its saturated analog 
is not possible, of course, but norbornadiene and 
norbornane probably duplicate one another about 
as closely as possible. Were it merely a matter of 
shape and size, the nearly-identical norbornane 
molecules probably would substitute for the nor- 
bornadiene ones incorporated into the crystals in 

(5) The formation of cyclooctatetraeneaiver nitrate 
complexes of different compositions by Merent  methods 
of preparation has been described; A. C. Cope and F. A. 
Hochstein, J. Am. Chem. SOC., 72, 2515 (1950). 
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the previous experiment, The solid obtained how- 
ever, gave analyses corresponding to the uncon- 
taminated 1 : 2 complex. In  like manner, the solid 
1 : 2 complex, in evacuated apparatus, rapidly 
absorbs norbornadiene vapor but not norbornane 
vapor. Since the saturated analog is not incorpor- 
ated into the complex either from solution or from 
vapor over solid, it  seems certain that the addi- 
tional norbornadiene is indeed chemically bound 
to the silver ions through pi-complex formation. 

The 1 : 2 complex does not show infrared absorp- 
tion bands characteristic of olefinic bonds (in the 
region 1550-1650 cm.-l) Since norbornadiene 
does show significant absorption in this region, the 
absence of such absorption in the complex probably 
means that both carbon-carbon double bonds in the 
diene are involved in pi-complex formation. Similar 
data and conclusions have been reported for 
platinum and palladium complexes of norborna- 
diene.7 One would expect, a priori, that the 1:2  
complex has structure A ,  in which the two silver 
ions occupy e m  positions. The facile conversion of 
the mixture to the pure 1:2 complex in the solid 
state suggests that the two complexes are closely 
related to each other in structure. Structure B 
is one proposal that accommodates this requirement 
as well as the customary bivalent, linear complex 
formation by silver i ~ n . ~ ~ ~  Loss of every other nor- 
bornadiene molecule from B would give A .  Con- 
version of C, which is structurally similar to some 
other metal-norbornadiene c ~ m p l e x e s , ~ ~ ~ ~  to A 
is less easily visualized. 

,4lthough it seems certain that two norborna- 
diene-silver nitrate complexes exist in the solid 
state, the earlier equilibrium data provide rather 
compelling evidence that only a single species 
exists in measurable concentration in aqueous 
solution. The apparent equilibrium constant for 
complex formation is unchanging over a range of 
silver nitrate concentrations. Other dienes, both 
conjugated and unconjugated, give variable ap- 
parent formation constants and have been re- 
ported to form both the 1:l and 1:2 complexes 
with silver nitrate in solution.ll Since the equilib- 
rium constants reported for the 1:2  complex 
formation are much smaller than those for the 1 : 1 
complex formation,11 it seems most probable that 
the norbornadiene-silver nitrate complex in aqueous 

(6) The infrared spectrum of the mixed complex (Nujol 
mull) also lacked olefin absorption bands, but because of 
the possible loss of “extra” norbornadiene from the few 
milligrams of complex during mulling, this spectrum is not 
considered necessarily definitive. 

(7) R. A. Alexander, N. C. Baeneiger, C .  Carpenter, 
and J. R. Doyle, J. Am. Chem. SOC., 82,535 (1960). 

(8) L. Pauling, The Nature of the Chemical Bond, 2nd 
edition, Cornel1 University Press, Ithaca, N. Y., 1948, p. 89. 

(9) A related structure has just been proposed for the 
cyclobutadiene-silver nitrate complex; H. P. Fritz, J. F. 
W. McOmie, and N. Sheppard, Tetrahedron Letters, No. 26, 
42 (1960). 

(10) R. Pettit, J. Am. Chem. Soc., 81, 1266 (1959). 
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 EXPERIMENTAL^^ 
Norborncldiene was freshly distilled from lithium aluminum 

hydride before use. Norbornane was prepared by the atmos- 
pheric hydrogenation of norbornene in methanol with 
palladium-on-charcoal catalyst. 

Prepara th  of complezes. To conserve space and provide 
convenience in evaluating the compositions found for the 
seven preparations described below, the calculated composi- 
tions for the 1:l complex and the 1:2 complex are given 
here and will not be repeated. 

Anal. Calcd. for C,Ha-AgNO,: C, 32.09; H, 3.08; Ag, 
41.17. Calcd. for C?H*-2AgNO*: C, 19.46; H, 1.87; Ag, 
49.95. 

Preparation of I and 11. Norbornadiene was added to 1M 
silver nitrate solution, with shaking, until a substantial 
amount of white precipitate had formed. The solid was 
collected by brief suction filtration and was dried over 
calcium chloride in a desiccator containing a small sample of 
norbornadiene. 

Anal. Found, I: C ,  26.10; H, 2.71; Ag, 45.68. 11: C, 23.54; 
H, 2.36; Ag, 47.19. 

On the assumption that the material is a mixture of the 
1 : 1 and 1 : 2 complexes, the composition of I is calculated t o  
be about 49% of 1:2 complex (47% based on C, 51% based 
on Ag) and that of I1 is calculated to be about 68% of 1 : 2 
complex (68% based on C, 69% based on Ag). 

Preparation of 111. A portion of I was recrystallized from 
ethanol. The white necdles melted a t  153-154.5’ (sealed 
tube, rapid heating). 

Anal. Found, 111: C,  19.64; H, 1.97; Ag, 50.05. 
Preparation of IV. Another portion of I was washed 

thoroughly with water and then with ethanol and with ethyl 
ether. 

Anal. Found, IV: C, 19.42; H, 1.89; Ag, 49.79. 
Preparatia of V. A sample of I11 was recrystallized again, 

this time from a mixture of ethanol (90%) and norborna- 
diene (10%). This solid did not melt sharply but instead 
darkened and decomposed over a rather wide temperature 
range (140-160’). 

Anal. Found, V: C, 28.71; H, 2.76; Ag, 43.61. The compo- 
sition of this mixture is calculated to be 27% of 1 :2 complex 
(27y0 based on C, 28% based on Ag). 

Preparation of VI. For about 1 hr., air was drawn through 

(11) S. Winstein and H. Lucas, J .  Am. Chem. Soc., 60, 

(12) Microanalyses by W. Manser and associates, E. T. 
836 (1938). 

H., Zurich, Switzerland. 
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8 portion of V while it waa on a filter; it wae then left h d -  
ing overnight. 

A d .  Found, VI: C, 19.56; H, 2.00; Ag, 49.25. 
Preparation VII. A portion of the pure 1:2 complex (III) 

was recrystelliaed from a mixture of ethanol (90%) and 
norbomane (10%). 

A d .  Found, VII: C, 19.47; H, 2.19; Ag, 50.44. 
Infrared cipectra were obtained for Nujol mul]e of m 

and V. There waa apparently no reaction between the dwr 
d t a  and the d u m  chloride cell windom. 

Vapor premm t n e a s u r w .  Solid 1:2 complex (0.1- 
0.6 8.1 wm placed in a midl apparatu dedgned for wpor 
prespnve measurements. "he tube (A) containing Complex 
waa equipped with a differential manometer and two Btop 
cocks. One stopcock opened to a vacuum pump and one to a 
tube (B) containing either norbornadiene or norbomane. 
The two t u b  were froan in Dry Iee-acetone, the atop 
Caclns were opened, and the entin? eystem waa evacuated. 
The atopcocke were cloeed, and the apparatus waa permitted 
to warm to room temperature. Vapor waa admitted from B 
until the preesure in A waa 50-90 mm. The stopcock WBB 
cloeed and the preesure in A was recorded from time to 
time during several hours. With norbornadiene vapor and 
powdered complex,1) the pmsmre dropped rapidy (up to 
65-mm, decreaee with 0.5 g. of complex), but with norbor- 
nane vapor, the preesure did not change during 19 hr. 
To i n m  thst the drop in norbomadiene vapor pressure 

wtw not a d t  of h p l y  replaciig diene which had been 
removed from the 1:2 complex during evacuation, the 
compla which hnd been equilibrated with diene WM re- 
frozen, and the apparatus was again evacuated. After the 
spparatua had warmed to room temperature. the complex 
failed to absorb more diene vapor admitted from B. When 
the tube containing equilibrated complex waa evacuated 
without freezing, fresh norbodene vapor WBB sgain 
absorbed rapidly. 
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Substituted Phenylalanines and 
Phenyleth ylamines 
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The general synthesis of a-amino acids as em- 
ployed by Erlenmeyer* has been d by many 
other workers. The initia,l step, the preparation of 

(1) This investigation waa carried out during the tenuer 
of a Pogtdoetoral Fellowship from the National Institute of 
Neurological D i m  and Blindnese, U. S. Public Health 
serviee. 

(2) Present addreas: Lab. di Chim. Terap., h t i t u t o  
Superiore di h i t s ,  Rome, Italy. 

(3) E. Erlenmeyer, Ann., 175,1(1893). 

an mlactone, in almost all c88e8 proceeds smoothly 
and in good yields. Carter' givea an excellent review 
of &tone syntheaia 

Method8 of converting azlactones to the final a- 
amino acids have offered some ditKcultie8. The 
mlactone or ita hydrolytic product, an acylamino- 
acrylic acid, can be converted to an *amino acid 
by reduction and hydrolysis.* 

It has been found that wlme adactones could be 
reduced and deacetylated in one step with Raney 
nickel and hydrogen in a mildly alkaline suspension. 
The resulting bemylamino acids upon hydrolysis 
with hydrochloric acid yielded the corresponding 
phenylalanine hydrochlorides (Table I). In the 
case of IC, its benzoylamino acid was not isolated 
(because of its instability under alkaline conditions) ; 
the reduction solution was hydrolysed directly to 
IIIC. 

Ramircz and ButgeP have shown that nitro- 
styrene5 (IV) can be reduced with lithium aluminum 
hydride to the corresponding pphenylethylaxnines 
(V). This method was used successfully here. 

The nitrostyrenes were prepared by the method 
of Crowder, Grundon and LewifP (Table IT). 

ExpEBTMENTdL 

The following directions wi l l  m e  aa a general deecription 
of the preparative method for the compounds in Table I and 
Table II. 

& P J = V L ~ - ( ( ~ ~ & ~ W J W ~  (IC). 
A mixture of 5-hydroxpatdkP (17 g., 0.1 mole), hippuric 
acid (18 g., 0.1 mole), freahly fused eodium aceate (15 g.) 
and acetic anhydride (35 ml.) waa heated on a water bath 
for 15 min. and then allowed to m d  at room temperature 
for 1 hr. The yellow d i d  waa triturated with 250 ml. of ice 
water and them collected on a filter; yield 25 g. (a%), m - p  
1&1-1&'. After two recrystalbations from glscisl aeehc 
acid, the m.p. waa lao. 

Shfeth~,64aliytf?drazlrphensllalanid&~e ( IIIc). 
A ampendon of IC (10 g., 0.025 mole), sodium hydroride (8 
g.) and Raney nickel (4 9.) in 200 ml. of water waa h y d m  
genated at 5 atm. and 80" for 4 hr. The slightly red- clear 
solution w ~ e  filtered into 500 ml. of concd. hydmhlo& 
wid. This mixture wam &em refluxed for 3 hr. When the mix- 
ture WBB cooled Bome b i c  acid c-. It W- - 
m~ed by filtmtion. The fltrste WBB e*tracted with three 
150. ml. portions of ether to m o v e  the md+ benwic 
acid. The water fraction waa evaporated on a steam bath 
under vacuum tu dryneeax The light tan d i d  (2.6 g., 50% 
yield) waa recrystallised once from ethanokther; it melted 
at 2Z9-.230° dec. 

3 m ~  acid 
(IIa). A suspension of vanillin sslactone (16.8 g., 0.05 mole). 
8 g. of d u m  hydroxide and 4 g. of Rmey nickel in 250 ml. 
of water waa hydrogenated at 4 aim. and 80" for 4 hr. 
When the required amount of hydrogen had been absorbed. 
- 

(4) H. E. Carter, Org. RcadioM, 198 (1946). 
(5) F. A. Ramires and A. Burger, J. Am. Chcm. Soe, 
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(7) F. Mauthner, Ann., 370,372 (1909). 
(8) V. Deulofeu and 0. Repetto, Analu aoe. e@n. fis. 
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