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ester bond at  the secondary, rather than the pri- 
mary, carbon atom.43 

The conversion of A-5’-P to A-3’:5’-P by the 
action of DCC in anhydrous tri-n-butylamine- 
pyridine is a reaction of some interest. The first 
step in the reaction is the formation of P1,P2- 
diadenosine-5‘-pyrophosphoric acidA4 (-4ppA). At 
room temperature this is the end-product. Only 
on heating the reaction mixture for extended periods 
is A-3/:5’-P obtained. It is unlikely that the DCC 
is involved directly in the conversion of AppA 
to A-3’ :5’-P. This conversion is probably catalyzed 
by the organic bases, since it has been found that 
P1,P2-dithymidine-5’-pyrophosphoric acid is con- 
verted to T-3’:5’-P by heating in pyridine solution.14 
The formation of A-3’:5’-P is believed to be, there- 
fore, another example of intramolecular phospho- 
rylation,21 like the conversion of ATP to X-3/:5’-P 
by means of barium hydr~xide .~  There is no 
evidence that the formation of A-3’:5’-P from A- 
5’-P plus DCC involves the formation of a neutral 

(43) This similarity in behavior of A-3’:5’-P, T-8‘:5’-P and a- 
methyl-D-glucoside-4: G-phosphoric acid may indicate a similarity in 
conformation. I t  is presumed tha t ,  like in the  latter, the  3‘-hydroxyl 
group and the  CHgOH are equatorial in both A-3’:5’-P and T-3’:5’-P, 
T h e  X-ray  da ta  of Furbergas a le  in agreement with this presumption. 
However, the  alkaline hydrolysis of &methyl-~-galactoside-4 :G-  
phosphoric acid also yields the  4- and G-phosphate esters in a ratio of 

(44) M. Smith and €1. G. Khorana. T I~ IS  J O U R N A L ,  80 ,  1141 (1958). 
5 :  1.41 

pyrophosphate ester as an intermediate, a reaction 
mechanism which has been suggested for the con- 
version of 4-hydroxybutylphosphoric acid to bu- 
tane-1,4-diolphosphoric acid by means of DCC.21 

I t  has been known for many years that  0- 
glycosides are very rapidly decomposed by liquid, 
anhydrous hydrogen fluoride, while ordinary ethers 
are stable toward this reagent.45 Under strictly 
anhydrous conditions glycosyl fluoride is the prin- 
cipal product of the reaction, but by varying con- 
ditions the sugar itself may be obtained. It was 
found that the N-glycosidic bond in nucleosides 
and nucleotides also is broken by the action of 
liquid, anhydrous hydrogen fluoride at  room 
temperature. In the purine compounds the re- 
action appears to be as rapid as with 0-glycosides. 
However, not only is the glycosidic bond attacked 
by liquid, anhydrous hydrogen fluoride, but with 
nucleotides rapid dephosphorylation also takes 
place. 
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(45) K. Wiechert in “Newer Methods of Preparative Oiganic Chem- 
istry,” Interscience Publishers, Inc., h-ew York, 1958, pp. 34G-349. 
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r-Complexes of the Transition Metals. X. Acetylenic 7r-Complexes of Chromium in 
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Disubstituted acetylenes are cyclically condensed by triaryl- and trialkyl-chromium compounds to beiizeiie derivatives, 
These condensations are considered to  proceed via to polynuclear aroinatic hydrocarbons and t o  aromatic r-complexes. 

acetylenic r-coiriplexes of clironiium and are useful as a general synthetic method. 

The isolation of triphenylchromiuni(II1) in the 
form of its tetrahydrofuranate and its rearrange- 
ment to aromatic a-complexes of chromium have 
been described in detail.* This compound and its 
congeners are now found to have broad potenti- 
alities in organic synthesis. Their ability to promote 
cyclic condensation of acetylenes is reported as the 
first part of our investigation in this area. 

The existence of triphenylchromiurn as a fully 
coordinated chromium(TI1) compound, e.g., ( C C H ~ ) ~ -  
Cr.3 THF,  allows the assumption that its molecular 
geometry is that of the octahedron such as obtains 
in the coordinated chromium(II1) salts and also in 
chromium hexacarbonyl, i .e. ,  d%p3 bonding to 
chromium. Using this geometrical representation, 
the reaction of phenylmagnesium bromide and 
chromic trichloride may be described by Fig. 1, 
which summarizes the literature bearing on this 
reaction (cf. paper VII,  footnotes 2, 3, 4, and 5) .3  

(1) Preliminarily communicated t o  THIS JOURNAL, 80, 2913 (1958). 
(2) W. Herwig and H .  Zeiss, paper VI11 in this series, ibid., 81, 4798 

(1959); paper I X ,  G. N. Schrauzer, ibid., 81, 5307 (1959). 
(3) AI. Tsutsui and H. Zeiss, ibid.. 81, 1307 (1959). 

The formation of triphenylchromiurn is not 
observed when phenylmagnesium bromide and 
chromic trichloride are allowed to react in diethyl 
ether; but in tetrahydrofuran, a solvent which is 
considerably more basic than ether, the triaryl- 
chromium is stable and isolable. The stabilizing 
effect of tetrahydrofuran in the hexacoordinated 
organochromium compound is clearly demonstrated 
by the irreversible rearrangement of triphenyl- 
chromium to the n-complex structure when its 
crystalline tetrahydrofuranate is washed with 
diethyl ether. The instability of the diethyl 
etherate of triphenylchromium provides an explana- 
tion for past failures in isolating this substance 
from atttempted preparations in the latter solvent. 
The unstable etherate appears also to be the 
ephemeral intermediate in the solution of reacting 
phenylmagnesium bromide-chromic trichloride 
which Job and Cassal treated with carbon monoxide 
to obtain the zero valent chromium hexa~arbonyl .~ ,~  

(4) H. C. Brown and R. hl. Adams, ibid., 64, 2657 (1942). 
( 5 )  The Job-Cassal reaction also leads to  organic carbonyl deriva- 

tives and is a forerunner of new methods of synthesis now being ex- 
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THF T H F  CO CO \I/ \I/ 
C,,H, I C,,Hj COi CO 

CeH, CO 
Fig. 1. 

The concept of a hexacohrdinated organochro- 
niium(II1) compound containing rcplaceable tetra- 
hydrofuran molecules has led to experiments with 
n-electron systems which would not only serve as 
the replacing ligands on chrorniuni but which 
would also be expected to react further within 
the confines of the hexacoordinated complex. 
Thus, an acetylenic n-electron system has been 
used to displace the tetrahydrofuran, after which 
the acetylene molecules, now positioned favorably 
within the octahedral crmplex, may condense into 
cyclic arrangements. By analogy with the intcr- 
pretation of the Job-Cassal reaction, it was antici- 
pated that a new synthesis of zero valent chro- 
mium bis-arene n-complexes as well as of aroiiintic 
riiigs from the acetylenes could be devised. 

Triphenylchromium is stable iii tetrahytlrofurali 
solution maintained at rooin temperature under 
nitrogen and free from moisture. If ,  however, 
either acetylene or a nionosubstituted acetylene is 
added to the solution, the triarylchromium is 
rapidly decomposed by acetylenic hydrogen and the 
acetylene is polymerized. The sensitivity of or- 
ganochromium compounds toward acidic hydrogel1 
is, therefore, similar to that of  the Grignard rea- 
gents. Disubstituted alkyl- or aryl-acet>-lenes, 
however, react quite smoothly with the organo- 
chromium compounds along reaction paths which 
may be varied by stoichioiiietric control. 

-1ddition of 2-butyne to solid triphenylchrolliiulli 
produces an exothermic reaction which is coinpleted 
within several minutes. If the reaction is per- 
formed in tetrahydrofuran, the interaction is con- 
siderably less rapid and is characterized by induc- 
tion periods which are dependent on the reactant 
ratios: i.e., the larger the relative amount of 2 -  
butyne employed, the shorter the induction period. 
Product dependence on reactant ratio is most sig- 
nificant. For example, limitation of 2-butyne con- 
centration to four mole equivalents or less per mole 
of triphenylchromium produces 1,2,3 ,Ctetramethyl- 
naphthalene and its chromium x-complex, which 
is either bis-1,2,3,4-tetramethylnaphthalene-chro- 
miurn or 1,2,3,4-tetrarnethylnaphthalene-biphenyl- 
chromium. Only when quantitie‘s of 2-butyne 
exceeding four mole equivalents are used does tri- 
phenylchroniiuni proiiiote the formatioil of  hexa- 
pluited using metal c;rrbunyls. 
nun’ in preparation 

’The rcaction ih the \ul,.iect 0 1  a li:111cr 

Fig 2. 

niethylbenzene in appreciable amounts. A1t a six- 
mole equivalent level, 2-butyne is cyclically con- 
densed by triphenylchromium to a 3-4070 yield 
of the naphthalene and a 50-55% yield of the ben- 
zene. When 2-butyne is employed in large excess, 
e g., twenty inole equivalents, the x-complexes of 
hexamethylbenzene and 1,2,3,4-tetraniethylnaph- 
thalene are iormed also. This latter result permits 
the conclusion that the his-aromatic n-complexes 
are not intermediates in the synthesis of  thc aro- 
matic hydrocarbons, although they may be easily 
decomposed to them. 

The course of reaction between 2-butyne u l d  

triphenylchrorniurn is indicated by the depctideiice 
of product on stoichiometry. Stepwise replacc- 
ment of the coordinating tetrahydrofuran molecules 
and participation of the phenyl groups on chroiniunl 
in intramolecular reaction is supported by this 
variation in product.6 The synthesis of 1,2>3,4- 

THF THF CH3 THF TfFFF H 3 C T = d 3  Hi:c7jd3 
C R  CH$C=CCH3* cR(m) CH3CECCH3 

/ \  / \  

f- 

I 
CIZH,O Or C14H16 

Fig. 8 .  

tetrariiethylnaphthalene requires a transition as- 
sembly composed of one phenyl group and two 
moles of 2-butyne which is expressed iri the re- 
action diagram as a tetrainethylcyclobutadiene 
intermediate. The fact that  this naphthalene is 
always produced by the reaction, regardless of the 
amount of 2-butyne used, supports but of course 
does not prove this formulation of a highly reactive 
intermediate. There is also evidence indicating 
that the chromium atom is responsible for the 
abstraction of ortho-hydrogen from the phenyl 
group, facilitating ring closure a t  that position to 
the naphthalene structure.’ JTheii sufficient 2-  

(0) Intramolecular reaction of the  first intermediate in the  r1i:r- 
gram just  above involving addition of one or two phenyl groups t i ,  

an acetylenic bond and consequent fornlation of :L substituted styrt‘lli’ 
or stilbene has been realized and ib the subject o f  i i  bcparate C C ) I I I  

munication: U‘. Metiesics and H. Zeiss, THIS J O U R N A L ,  81, I I  I7 
1 :I::)> 

( 7 )  A I .  Tsutsui and H.  Zeiss. {bid , in pres*. 
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butyne is present it is supposed that this inter- 
mediate may either lose its remaining tetrahydro- 
furan in favor of a third mole of the acetylene or 
undergo a Diels-Alder addition with 2-butyne to 
produce the hexamethylbenzene. Saturation of 
the reaction system with 2-butyne is favorable to 
further reaction of the third intermediate to yield 
the bis-arene 9-complexes via the mechanism 
proposed for the Job-Cassal reaction5 

The condensation of 2-butyne by triethyl- 
chromium, prepared in tetrahydrofuran in the 
same way as triphenylchromium, leads to hexa- 
methylbenzene in somewhat higher yield than that 
obtained using triphenylchromium. Hexamethyl- 
benzene again is the only condensation product 
isolated when a triarylchroinium having blocked 
o-positions, e.g., trimesitylchromium, is used as the 
cyclizing agent.' 

Diphenylacetylene is condensed by triphenyl- 
chromium to hexaphenylbenzene and 1,2,3,4- 
tetraphenylnaphthalene.8 The generality of these 

CsH5 
Fig. 4. 

reactions is illustrated further by the preparation 
of tri- a-naphthylchromium in tetrahydrofuran and 
its ability to condense 2-butyne to 1,2,3,4-tetra- 
methylphenanthrene and hexamethylbenzene. The 
condensation of this acetylene with tri-/3-naphthyl- 
chromium also was performed for the purpose of 
detecting any unusual directive influences during 
the ring closure. However, both 1,2,3,4-tetra- 
methylanthracene and 1,2,3,4-tetramethylphen- 
anthrene were formed, the latter in the greater 
amount. 

The effectiveness of triphenyl- and triethyl- 
chromium in promoting condensations of alkyl 
and aryl disubstituted acetylenes is not dependent 
on the isolation of the organochromium reagents 
prior to the condensation reactions. I t  is found, 
for example, that  the cyclization of 2-butyne 
proceeds spontaneously when it is added to a 
mixture of magnesium powder, bromobenzene and 
chromium trichloride tetrahydrof~ranate.~ As a 
synthetic method, therefore, it is comparable to 
the Grignard procedure in operational detail. 

Experimental'O 
Reaction of Triphenylchromium with 2-Butyne. ( a )  In 

Mole Ratio of 1 : 20.--h solution of 800 tnl. of tetraliydrofu- 
ran containing 67.2 mmoles of triphenylchromium, prepared 
by the previously published method," was magnetically 
stirred a t  room temperature under nitrogen in a three-necked 
flask. T o  this solution was added rapidly 105 i d .  (72.8 g., 

(8) We are indebted to  Professor G. Wittig, Heidelberg, for a 
sample and  infrared spectrum of this hydrocarbon which had been 
prepared via a Diels-Alder addition of tetracyclone t o  benzyne followed 
by loss of carbon monoxide; cf. ref. 17. 

('3) I t  is noted, however, t h a t  none of these three reagents, either 
singly or in pairs, has a similar effect on t h e  acetylene. 

(10) All melting points are corrected. T h e  microanalyses were per- 
formed by the  Schwarzkopf Microanalytical Laboratory, Woodside 77 ,  
N. Y. G.E. lamp-grade nitrogen was used in all experiments requiring 
the exclusion of air and moisture. 

(11) W. IIerwig and I I .  Zeiss, J. Oi ,q  C h e m ,  23 ,  1101 ( lY58).  
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1.35 moles) of pure 2-butyne, b.p. 27" ,  in one portion. .ifter 
15 minutes reaction occurred accompanied by a tempera- 
ture rise to  50" and a color change in the mixture from red- 
brown to brown-black. Three days later, two-thirds of the 
solvent was distilled from the dark, turbid solution in vucuo 
at 30". The  residual liquor was hydrolyzed with 600 ml. of 
water and then filtered. A dark brown solid remained on the 
filter, and the yellow-orange filtrate was put  aside for further 
treatment. 

The solid isolated on the filter was now triturated with 2 
iV sulfuric acid and then extracted with ether. On concen- 
tration of the green ether extract to  small volume, 10.93 g. 
of a crude crystallizate was obtained. This solid was next 
dissolved in hot ethanol in high concentration and then mixed 
with a cold, saturated ethanolic solution of 16 g. of picric 
acid to  form 23.4 g. of a precipitated orange picrate. Step- 
wise concentration of a warm ethanolic solution of this pic- 
ra te  was employed t o  separate seven crystalline fractions. 
The head fraction consisted of the orange-red needles of pure 
1,2,3,4-tetramethylnaphthalene picrate, m .p. 183.5- 184.5 O 

(lit.  182-183 "). 
Anuk.l2 Calcd. for C20H1907S8: C, 58.11; H, 4.63; K, 

10.17. Found: C,58.13; H,4.34; N, 10.55. 
Cleavage of this picrate with aqueous ammonia yielded 

pure 1,2,3,4-tetramethylnaphthalene, m .p . 107-108.5 O ,  

previously prepared from prehnitene by a five-step synthesis 
(m.p.  106.5-107°). Comparison of ultraviolet and infrared 
spectra of the two preparations confirmed their identity.'a 

The tail fraction from the picrate crystallizations consisted 
mainly of hexamethylbenzene picrate which was purified by 
recrystallization, m .p . 175- 176 ' (lit. 176- 177 ") . Cleavage 
of this substance with aqueous ammonia gave hexamethyl- 
benzene, m.p. 165-167' (lit. 165-167"), mixed m.p. 165- 
167". 

By careful fractional crystallization procedure, the middle 
picrate fractions could be separated into the tetramethyl- 
naphthalene and hexamethylbenzene components almost 
quantitatively. Total yields, based on triphenylchromiurn, 
were 4.70 g. (25.5 mmoles, 38y0) of 1,2,3,4-tetramethyl- 
naphthalene and 5.32 g. (32.8 mmoles) of hexamethylben- 
zene plus a n  additional 0.7 g. of the benzene derivative from 
the mother liquor as described below, bringing the yield of 
the  latter product t o  5 5 7 ,  and an  over-all yield of 93y0. 

An aqueous solution of sodium tetraphenylboron was 
added to the yellow-orange filtrate which had been put aside 
above. This caused the precipitation of 1.5 g.  of a salt which 
proved to  be mostly bis-hexamethylbenzene-chromium(1) 
tetraphenylboron. Efforts t o  recrystallize the salt from ace- 
tone, however, resulted in decomposition of the salt with 
formation of chromium hydroxide and hexamethylbenzene, 
m.p. 158-160°. The latter product contained less then 57, 
of 1,2,3,1-tetrametli~.lnaphthale€ie according to  infrared 
analysis. A sample of bis-hexamethylbenzene-chromium 
( I )  tetraphenylboron prepared by the Fischer-Hafner 

(12)  This analysis w a s  performed by Galbraith Microanalytical 

(13) hl .  C. Kloetzel, R.  P. Dayton and H. L. Herzog, Tms JOURNAL, 
We wish t o  thank Professor Kloetzel for a copy of the  

- 

Laboratory, Knoxville, Tenn. 

72, 273 (1'350). 
infrared spectrum of his sample. 



11ietliod~~ sliowcd the same instability, decomposing ii i  ace- 
tone t o  pure hexamethylbenzene quite rapidly. 

In Mole Ratio 1 : 3.--The amount of tripiienylcliro- 
inium and the  procedure described in ( a )  again were em- 
ployed with the exception tha t  only 15.7 rnl. (10.9 g., 202 
nmoles) of 2-butyne was added. I n  this experiment, ex- 
d i e r m i c  reaction and  consequent color change were not ob- 
served until after 90 minutes had elapsed. Concentration 
and hydrolysis of the  reaction mixture gave-as in (a)-an 
orange water solution and  a n  insoluble hydrocarbon residue. 
.kidition of a n  aqueous sodium tetraphenylboron solution to  
t h e  colored filtrate produced a precipitate of a chromium 
cmnp1e.u of 1,2,3,Ctetramethylnaplithalene which decom- 
posed rapidly when dissolved in acetone and deposited chro- 
mium hydroxide. The  remaining, nearly colorless acetone 
solution was concentrated, the acetone replaced with ethanol 
~ t n d  then treated with picric acid. The  picrate IJf  t he  tetra- 
inetli)-lnaphtlialene, 0.28 g., m.p. 182-184", was precipi- 
tated which, on cleavage with aqueous ammonia, gave pure 
1 ,2,3,4-tetramethylnaphthalene. 

The  insoluble material left on the  filter above was treated 
:is described in (a) except tha t  the crude material was frac- 
tionnlly crystallized from ethanol without the addition of 
picric acid. The  first fraction consisted of 4.7 g. of crude 
1 ,",3,3-tetramethylnaphthalene which when recrystallized 
once from ethanol gave 4.5 g. of substance, m.p. 105-107.5'. 
The second fraction, 2.10 g., consisted of the naphthalene 
ciriitaminated with biphenyl which was removed by crystal- 
lizirig 1.12 g. of the  picrate of the tetramethylnaplithalene 
frum ethanolic solution. The  mother liquor from the  picrate 
precipitation was diluted with aqueous ammonia, and the 
cijliirless precipitate so obtained was purified by sublim:ition 
a n d  identified as biphenyl, 1.4 g., m.p. 69.5-70'. Total  
yields were 27.1 mmoles (40%) of the tetramethylnaplitlia- 
lenc and 9.1 mmoles of biphenyl. S o  hexamethylbenzene 
was detected. 

( c )  Dependence of Product on Reacting Ratios of Tri- 
phenylchromium and 2-Butyne.-The triplienylclirotiiiutn- 
tetrahydrofuran solutions used in these runs were withdrawn 
from the same source as those employed in (a)  atid (b). 

Mole ratio of (CaH,),- 

Skirt of exothermic re- 

(b) 

Cr : 2-hutyne 1 : l  1 . 2  1:3 1:5 1:20 

action, miri. 330 280 90 ;!) 15 
Yield of (CHI)& 7; . . .  . .  i'j 55 
Yield oE 1,2,3,4-tetra- 

iiietliylnaphthalene, yo 13 31 40 36 38 

Reaction of Triethylchromium with 2-Butyne.-Cliro- 
inium trichloride tri-tetrahydrofuranate ( 10.1 g. ,  27 mmoles) 
\vas magnetically stirred into 100 nil. of tetrahydrofuran 
under nitrogen and then treated droprvisc a t  -20' with 80 
inmoles of ethylmagnesium bromide prepared from 9 .8 g. of 
e thyl  bromide (90 mmoles, 6.71 ml.1 and 3 g. of magnesium 
i n  300 ml. of tetrahj-clrijfuran. Tlie reaction started hi- 
medi:rtcly, :tccompanied by the development o f  broxvn color 
in tile solution, and after one hour the reaction w;ts rom- 
pleted. The  clear organocliromium solution mas maiutained 
at  -20" while 35 ml. (31.2 g., 0.53 mole) of 2-butyne was 
added. This mixture was kept Lit room temperature for three 
clays and then freed of SIJ~Velit in ilaczm a t  30'. The brown 
rcsidue was triturated witli a mixture of 2 LV sulfuric acid 
and ether. The  green ether layer was conccntrcitcd, diluted 
wit11 ethanol and then cooled to  0' yielding 2.40 g. ( J f  d inos t  
[xire hexamethT.lbenzeiie, 1n.p. 155-16l0. Removal of 
ether and alcohol from tlie mjthcr liquor :tnd then distil- 
lation of the residue a t  0.1 mm. gave an  additional 0.25 g. of 
the benzene derivative, 1.8 g. of a green oil, and a pot residue 
consisting of 1.8 g. of a black s:,lid. The  latter fractions 
were not identified. The total yield of hexametli~lhenzenc 
came to  2.65 g. (16.3 mmoles, GOYo) which was recrystallized 
almost quantitatively from ethanol to  purity, m.p. 183-164'. 

Reaction of Tri-a-naphthylchrornium with 2-Butyne.- 
. i t  - 40' 3 . i 2  g. of chromium trichloride tri-tetrahvdrofur- 
' I  i ~ t t e  (9.9 rnmoles) w n s  rnngiieticnlly stirred undcr iiitrogcn 
illto 60 ml. of tetruiiytlrofur~tii and then treated dropwisc 
wit11 GO ml. (29.7 mmoles) of ol-liaphth!linagi~esiuiI1 brtrtnide 
solution (0.45 A') prepared froin 10.33 g .  (50 ~nninles) of C Y -  

brorn~~~iaplit l ialer~e,  2.4 g. of tii;ignesiurn and 95 nil. IJE 
-..______ 

i l  4) E. 0. t:iaclier t r l l d  \V. lIufiier,  %. 

tetrahydrofuran.lj Reaction started iiriinediately with color 
change t o  green, then to  green-brown and  finally after 30 
minutes to  an  iiitense wine-red. On warming t o  -lo", the  
solution became quite clear, and  after three days at this 
temperature its bright color remained unchanged. 

T o  this solution of tri-a-naphthylchromium now was added 
2.34 ml. (1.62 g., 30 mmoles) of 2-hutyne with stirring a t  
room temperature under nitrogen. Exothermic reactioii 
commenced a t  once and was controlled by  ice-bath cooling. 
The  red color of the original solution turned t o  brown. 
After three days standing, the  mixture was hydrolyzed with 
ice-water and then extracted with ether. This ether extract 
mas concentrated, diluted with ethanol, and  then boiled t o  
remove most of the ether. At O " ,  1.01 g. of a crystallizate 
was obtained from the solutian, which after sublimation a t  
80" (20 mm.) gave 0.68 g .  of naphthalene as  sublimate and 
0.33 g.  of 1,2,3,4-tetrainethylphenanthrelle as residue, m.p .  
85-86'; picrate, 1n.p. 139-141". 

The  ethanolic mothcr liquor from tlic crystallizate ob- 
tained above w:ts treated with a saturated ethanolic solution 
of picric acid to  give 1.37 g. of 1,2,3,~-tetrntnetli~lpheiiari- 
tlirene picrate which after recrystallization from etliaiiol 
melted at 141-143'. 

.4?zuZ. Calcd. for C ~ & 1 0 7 S ~ :  C ,  (i2.20; 11, 4.57; N, 
0.07. Found: C,  (32.55; H, 4.3; N, 9.21. 

The  mothcr liquor from the picrate precipitatioii yielded, 
after dilution with aqueous aininouia, about 2 g. of black 
t u .  Only 0.72 g. of naphtlialene was obtained from tliis 
residue by  sublimation. 

Cleavage of the picrate with aqueous ammonia gave the 
corresponding hydrocarbon which when combined with tha t  
obtained above and recrystallized from ethanol yielded 1.02 
g. (1.35 mmoles, 41%) of colorless flakes of 1,2,3,1-tetr:i- 
iriethylphenanthreiie, m.p. 87-89'; infrared a id  ultraviolet 
spectra of this substance were recorded. 

Anal. Calcd. for C I ~ I I ~ ~ :  C ,  92.26; H, 7.74; mol. wt., 
234. Found: C ,  93.27; 13, 7.90; mol. wt., 223. 

Reaction of Tri-8-naphthylchromium with 2-Butyne.--r\ 
solution of P-naplitli?-lniagnesiuni bromide (0.087 mole) was 
prepared from 20 g. (0.096 mole) of 2-brornnnaphthaIene 
and 3 g. of magnesium in 150 ml. of tetrahydrofuran and  
then addcd under nitrogen a t  -20" to  4.0 g. (0.029 mole) of 
chromiuin trichloride suspended iii 150 i d .  of the sanie 
solvent. After two hours, precipitation of  tlie hrick-red, 
insoluble tri-~-naplitlij-lclir~rniium was observed wliicli, 
after warming to  room tempcrature ill the  reaction niixturc, 
was treated with 8 tnl. (0.1 mole) of 2-butyne. Reaction 
\V:IS very sluggish for, aftcr 21 hours standing, no cliaiigc was 
tjlxerved either in the color f J f  t he  precipitate or the solutioii. 
However, following 30 minutes of refluxing, the solutioii 
turned black, and the precipitate had disappeared. The  
s,~Ivent next was removed, and the residue was steam dis- 
tilled t o  remove nap1itli:~lene together with a minute amount 
o f  he?t:tniethj-ll)enzeiie. The  residue from the steam distilla- 
tion was extracted with ether, a n d  the  insoluble p,P-bi- 
naphthyl was rcmored by filtration. The  extract was freed of 
cther, and the residue was distilled in a hall tuhe at 0.2 inm. 
and a bath temperature ranging from 120--220°. Tlie oily 
distillate in methanol gave yellow needles of 1,2,3,4-tetra- 
methylanthracene wliicli after two recr~~stall iz:~tio~is from the 
sanie solvent melted a t  138-140' aiid showed irifrxrcd arid 
ultraviolet spectra cliaractcristic of the :tnthraceiies.'~ 

:11za2. Calcd. f i x  ClaI-l,8: C ,  '32.3; 11, 7.74. Fotiiid: C, 
91.83; 11, ;.SO. 

A picrate was prcpared from tliis 1iytlriic:trbon in acetic 
acid and crystallized from this solve~it  :is d x k  red iieedles, 
m.p. 169-171". 

A d .  Calcd. for C24HP107N3: C ,  02.2; IT, 4.57; N, 
9.07. Found: C ,  62.22; H, 4.81; S, 8.91. 

Tlie metlianolic mother liquor remaining aftcr the isola- 
tion of the anthracene derivative w;is now concentrated and 
cooled t o  yield white leaflets of 1,2,3,4-tetramethyIphenan- 
threne which after several recrystallizations from acetic acid 
melted :it 89-91' alone and when mixed with the  sample of 
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the  tetramethylphenanthrene prepared earlier from 2-butyne 
and tri-a-naphthylchromium. 

Reaction of Triphenylchromiurn with Tolane.-A solution 
of phenylmagnesiurn bromide (0.88 mole) in 100 ml. of tet- 
rahydrofuran was added under nitrogen t o  5 g. (0.032 mole) 
of chromium trichloride suspended in 250 nil. of the same 
solvent. T o  this dark red solution containing ca. 0.03 mole 
of triphenylchromium was now added 5.2 g. (0.029 mole) of 
tolane dissolved in 20 ml. of tetrahydrofuran without a 
noticeable temperature effect. After refluxing this reaction 
mixture for 3 hours, the black solution was left overnight 
before removal of the solvent in B ~ C U O  and hydrolysis with 
ice-water. The  solid reaction product was collected on a 
filter and extracted with ether. The insoluble residue con- 
sisted of green chromium salt and a small amaunt of hexa- 
phenylbenzene. The yellow ether extract was freed of 
solvent and then distilled in a ball tube a t  0.4 mm. and 
separated into several fractions. 4 t  a bath tempera- 
ture  u p  to  150°, a fraction consisting of 1 g.  of white crystal- 
line material was obtained whose composition according to  
vapor phase chromatographic analysis was 907, biphenyl, 
8% stilbene, lYc unreacted tolane and lyc unidentified vola- 
tile substance. Between 150-200° 3.4 g.  of a yellow glass 

was collected, leaving 2.3 g. of a brown glass, containing cn. 
0.01 g. of hexaphenylbenzene as  residue. Hexaphenylben- 
zene was identified in both instances here by infrared spectral 
comparisons with authentic sample of the benzene prepared 
from tetraphenylcyclopentadienone and tolane. 

The  yellow and brown glasses together yielded 2.3 g. of 
crude 1,2,3,4-tetraphenylnaphthalene when crystallized 
from ether-ethanol. Chromatography of the mother liquor 
on basic alumina with isooctane yielded another 0.5 g., 
bringing the total yield t o  4570 based on tolane. Repeated 
recrystallization from ether, alcohol and acetic acid gave 
tetraphenylnaphthalene with unchanged m.p. at 195-198'. 
However, after melting and resolidifying, the m.p. rose to  
201-203". A sample of 1,2,3,4-tetraphenylnaphthalene 
prepared by another method'? showed the same behavior 
and melted undepressed when mixed with the above sample. 
Their infrared spectra were also identical in all respects. 

Anal. Calcd. for C3,H2*: C,  91.41; H, 5.50. Bound: C,  
94.85; H ,  5.55 .  

(17) G. Wittig and E. Knauss, C h u n  B w . ,  91, 89.5 ( I95R).  
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Several 1-alkoxyphenyl 3-N-substituted aminopropanols-2 were prepared. They were screened on laboratory animals 
The anesthetic efiiciencies of some of these compounds were sufficiently for anesthetic potency, toxicity and for irritation. 

high t o  warrant clinical study. 

Although two p-methoxyphenyl N-substituted 
aminopropanols were prepared near the beginning 
of the nineteenth century,' there was little to indi- 
cate in the literature that these compounds had a 
pronounced local anesthetic effect. Fernald, in 
1953,2 disclosed that ethoxynaphthyl N-substituted 
aminopropanols were potent topical anesthetics. 
On testing these compounds of Fernald, we found 
that although the topical potency was high and the 
toxicity on white mice low, they were highly irritat- 
ing when applied to the eye of the rabbit. To deter- 
mine whether substitution of the phenyl for the 
naphthyl group would reduce the irritating quali- 
ties of this type of compound, we prepared a series 
of N-substituted derivatives of methoxy-, ethoxy-, 
propoxy-, butoxy- and isoamyloxyphenylaminopro- 
panols. These compounds were screened on labora- 
tory animals for possible value as local anesthetics. 

The general method of preparation was to treat 
the alkoxyphenylmagnesium bromide with epi- 
chlorohydrin in a Grignard reaction. The resulting 
chloropropanols were treated with an excess of the 
appropriate amine to forin the anesthetic base. The 
anesthetic compounds were isolated as their hydro- 
chloride salts and purified by recrystallization from 
isopropyl alcohol or some other suitable solvent. 

The yields of the Grignard reaction ranged from 
2.5 to 607' of theoretical. As discussed in a review 
by Gaylord and Becker,3 the reaction proceeded to 
give two main products in varying yields : 
ROCGHJbfgBr + 

CH2-CHCHiCl + ROCfiHtCH3CHOHCH2Cl 

A BrCH2CHOHCH2C1 '0' 

(1) hl. Daufresne, Comfif. vend. ,  145,  875 (1907). 
( 2 )  M. C. Fernald. U. S. Patent 2,029,738 (1953). 
( 3 )  K .  G. Gaylord and E. I. Recker, Chem. Revs.,  49, 413 (1951). 

Attempts to improve the yield substantially by 
varying the conditions of the reaction were unsuc- 
cessful. The use of the Grignard chloride resulted 
in a very small or no yield, even when higher boil- 
ing solvents such as diisopropyl and dibutyl ether 
were used. 

Table I lists the alkoxyphenyl chloropropanols 
with their boiling points, refractive indexes and 
analyses. Table I1 lists the boiling points of the 
bases as well as the melting points and analyses of 
the hydrochlorides of the alkoxyphenylaminopro- 
panols. 

TABLE I 
ALKOXYPHENYLCHLOROPROPANOLS 

r? 0 0 c H pc H OH c 1 T I (  I _- 
Posi- B.p., Chlorine, '% 

R tion O C .  p n% Formula Calcd. Found  
CHI o 99-101 30 1.5458 CIOHI~OZCI 17.fi8 10 .92  
CH3 f i  103-105 40' 1.5421 C I O H ~ ~ O Z C I  17.(i8 1 7 . 4 2  
CnHs o 80-89 20 1.5231* CiiHihOnCI 16.53 10 .99  
CZHK 9 106-108 35 1.5369 CnHisOzC1 1 F . 5 3  16 .23  
C3Hr 9 120-124 B O  1.5330 CizHi~OnCl l L 5 2  1.5 48 
C4Hg m 121-124 35 1.5270 Ci3H190~C1 14 .03  14 .4B  
C4H9 P 112-115 20 1.5258 CiaHigOzCI 14.63 1 4 . 3 2  
i-C&I m 125-130 25 1.5210 CirH2:OnCl 13.82 1 3 . 7 7  
i-C~Hii 0 123-128 30 1.5325 Ci4H2102C1 13.82 14 03 

a Reported4 b.p. 188-190" (24 mm.) .  

Pharmacology.-A pharmacological investiga- 
tion of these compounds was conducted to evaluate 
their potential use as local anesthetics. The anes- 
thetic potency, toxicity and irritation were deter- 
mined and compared with cocaine and procaine. 
The intraperitoneal and subcutaneous toxicities 
were determined on a Swiss strain of male white 
mice. An average of twenty mice was used to ob- 

(1908). 

*.kt 40". 

(4) E. Fourneau and hf. Tiffeneau, Bull. soc. chim., [ 4 ]  1, 1227 


