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determination of dihydrostreptomycin,1 0 1 7 hydroxy-
streptomycin,18 and mannosidostreptomycin.1 9 

The configurational determination of the asymmetry 
of the streptidine ring in streptomycin yields the same 
result (i.e., R a t C-4) as tha t recently determined 
chemically16 and by the cuprammonium method1 3 for 
the 2-deoxystreptamine ring of the neomycins,1316 

paromomycins,1 3 and kanamycins.1 3 Thus these two 
vital components of a number of powerful antibiotics 
may have stereochemically similar biogenetic pre
cursors. 
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Reactions of Organolithium Compounds and 
Diphenylacetylene 

Sir: 
The li terature contains little information concerning 

the reaction between organolithium compounds and 
noncarbonyl, conjugated acetylenes. In contrast Grig-
nard reagents are generally unreactive toward simple 
nonterminal alkynes1 even under forcing conditions. 

We find tha t diphenylacetylene and organolithium 
compounds react to form addition and/or metalation 
products or a dimer depending upon the choice of 
organolithium compound and conditions. 

w-Butyllithium and diphenylacetylene do not react 
in pentane solution over a period of several hours, 
whereas the same compounds react in ethyl ether (24 
hr., 30°) to give after hydrolysis, in addition to re
covered starting material, a 4 0 % yield of trans-a-n-
butylstilbene, b.p. 143-144° (0.4 mm.) \XmB.x 225 mM 

(e 5200), 268 m/x (e 16,200). Anal. Calcd. for Ci8H20: 
C, 91.47; H, 8.53; mol. wt., 236. Found: C, 91.27; 
H, 8.63; mol. wt . ,232. The trans na ture of the product 
(single peak from v.p.c.) was demonstrated by photo-
isomerization using a Hanovia mercury arc lamp and 
isolating by means of preparative scale v.p.c. the new 
component which appears to the extent of approxi
mately 2 4 % after 72 hr. of illumination. The new com
ponent «'s-a-«-butylstilbene had XXmax 222 m/i (e 
13,000), 257 mn (*• 10,900). In addition to having the 
expected shorter wave length maximum in the ultra
violet, the new compound (cis) displays olefinic proton 
resonance a t 3.62 r in contrast to the unisomerized com
pound (trans) in which olefinic proton resonance occurs 
a t 3.36 r. Tha t the higher-field olefinic proton reso
nance is characteristic of the cis isomer in this sort of 
compound has been pointed out by Curtin, Gruen, and 
Shoulders.2 

In order to demonstrate the existence of an olefinic 
organolithium intermediate, the re-butyllithium-di-
phenylacetylene reaction mixture was treated with deu
terium oxide. The deuterated product showed no pro
ton resonance in the 3.3 to 3.6 r region, but, in addition, 

(1) (a) M. S. Kharasch and O. Reinmuth, "Grignard Reactions of Non-
metallic Substances," Prentice Hall, New York, N. Y., 1954; (b) for a 
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the deuterium content indicated t ha t two protons had 
been exchanged, and the integrated n.m.r. spectrum re
vealed tha t one of the exchanged protons was from an 
aromatic ring. Based on the results of carbonation ex
periments (see below) the structure of the dideuterated 
adduct is I. 

i 

If diphenylacetylene in ethyl ether is treated with 
either ethyllithium or w-butyllithium, one obtains (after 
carbonation) in about 15% yield each a neutral (orange 
or red) ketone (II) and a dicarboxylic acid (III) besides 
recovered start ing material. 

R Ph 

ELi + P h - C = C - P h - ^ - C=C 

/ = \ CO2H 
Y J ^ C O 2 H 

Illa.b 

a, R = n-C4H9 r ^ | j | ^ R 

b, R = C2H5 ^ N f ^ P h 

O 
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The structures of the 2-phenyl-3-alkylindones were con
firmed by comparison with authentic samples synthe
sized according to published procedures.3 The dicar
boxylic acid structures I I I [I l ia , m.p. 176-177°. Anal. 
Calcd. for C 8H 1 8 (COOH) 2 : C, 74.05; H, 6.21; neut. 
equiv., 162. Found: C, 74.35; H, 6.45; neut. equiv., 
166. I H b , m.p. 191-192°: Anal. Calcd. for C16H14-
(COOH)2 : C, 72.96; H, 5.44; neut. equiv., 148. 
Found: C, 73.13; H, 5.48; neut. equiv., 148] are in 
accord with what one would expect on the basis of the 
indone products. Further structural elucidation was 
provided by converting I l i a to its dimethyl ester (IV), 
b.p. 162° (0.2 mm.) [Anal. Calcd. for C16H18(COO-
CH3)2 : C, 74.98; H, 6.86; mol. wt., 352. Found: 
C, 75.20; H, 6.90; mol. wt., 349], using diazomethane. 
The n.m.r. spectrum of the ester shows two methyl 
singlets a t 6.17 and 6.78 r. The n.m.r. spectra of both 
the acid I l i a (in dioxane) and the dimethyl ester IV in
dicate eight aromatic protons in the region 2.6 to 2.7 r 
and another single aromatic proton at a lower field in 
the 2.0 T region, the latter being split into a doublet 
having coupling constants of 7—10 c.p.s. Both the 
chemical shift and the coupling constant are of the cor
rect magnitude for an aromatic proton ortho to a —C-
OO— group.4 Because the integrated intensity of this 
low-field proton indicates only one hydrogen ortho to 
the —COO— group, the —COO— group must in turn 
be ortho to the olefinic bond. 

The formation of the acids (III) and the indones (II) 
is most readily explained in terms of an intermediate 
(V) arising from metalation of the aromatic ring and ad-
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dition of RLi to the triple bond. orZ/zc-Metalation of 
benzene rings containing substi tuents which are induc
tively electron withdrawing is a well known pheno
menon,5 and the inductive electron-withdrawing effect 
of the triple bond is apparent in the increased acidity 
of a number of acetylenic carboxylic acids in comparison 
to their saturated analogs.6 The dicarboxylic acids 
(III) are assigned the trans structure on the basis of the 
trans s t ructure of the hydrolysis product from n-
butylli thium and diphenylacetylene, in addition to the 
fact tha t the yield of indone, which requires a trans 
stereochemistry, may be increased by bubbling carbon 
dioxide through the reaction mixture, in contrast to our 
ordinary procedure of decanting onto a large excess of 
solid carbon dioxide. The trans nature of the products 
does not necessarily reflect the initial mode of addition 
of the »-butyllithium to the triple bond. Curtin and 
Koehl7 have shown tha t even at 2° in ether-benzene, 
«'s-stilbenzyllithium is completely isomerized to trans-
stilbenzyllithium in 30 min. In the present investiga
tion, our olefinic lithium compounds remained in ethyl 
ether solution many hours. The situation in this case 
is more complicated, however, since we obtain a di-
lithium intermediate. Indeed, there seems to be some 
special stability to this dilithium compound (II) , inas
much as we recover after carbonation only starting ma
terial and products arising from V, nothing from a 
monolithium compound. The implications of this fact 
are being investigated. 

In contrast to ethyl- and w-butyllithium, we find, in 
agreement with a recent report,8 tha t phenyllithium and 
diphenylacetylene give only triphenylacrylic acid 
(11%). 

A still different course of reaction occurs between t-
butyll i thium and diphenylacetylene in ligroin (40 to 
70°, 13 hr.). After hydrolysis, 1,2,3,4-tetraphenylbu-
tadiene (30%) and /raws-stilbene (5%) are isolated. 
The former compound was identified by comparison 
with an authentic sample prepared by the action of 
lithium metal on diphenylacetylene.9 The l i thium-di-
phenylacetylene reaction may very well proceed by di-
merization of the diphenylacetylene anion radical, and 
a strong possibility exists tha t a t least a portion of the 
/-butyllithium and diphenylacetylene reaction proceeds 
by an anion-radical intermediate. In accord with this 
the reaction mixture displays on e.s.r. signal having no 
fine structure. The formation of radical anions from 
w-butyllithium and a number of aromatic compounds 
has recently been reported.10 /-Butyllithium would be 
expected to be an even better electron donor, since the 
process would presumably1 1 involve the conversion of 
an unstable tert iary carbanion-like compound to a ter
tiary radical.12 
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Racemization of an Optically Active Fluorosilane 
without Displacement of Fluoride Ion: Evidence for 

an Expanded-Octet Mechanism 
Sir: 

Previous studies have revealed highly stereospecific 
reactions of many optically active organosilicon com
pounds containing the a-naphthylphenylmethylsilyl 
g roup . 1 - 3 More recently, stereospecific reactions of 
optically active organogermanium compounds contain
ing the same organic substi tuents have been reported.4 

In all such cases of reactions proceeding with pure, or 
nearly pure, inversion or retention of configuration, it is 
clear tha t the mechanism may or may not involve 
expanded-octet intermediates (penta- or hexacovalent 
silicon intermediates). However, it is equally clear tha t 
the mechanisms of such stereospecific reactions cannot 
involve fast equilibrium formation of an expanded-octet 
(addition) complex which returns to starting materials 
with inversion of configuration at a rate which ap
proximates or exceeds its decomposition to products. 
Thus, for stereospecific reactions, mechanism 1, in which 
&inv approximates krtt and exceeds &2, cannot obtain if 
the optical purity of RsSi*X is high. 

( + )R3Si*Y + (X)n ^ Z t R3Si*Y(X)n — * - R3Si *X (1) 
&ret 

( - )R 3 Si*Y + (X)n 

Stereospecific reactions of R3Si*F (a-napthylphen-
ylmethylfluorosilane), which cannot involve mechanism 
1 having k inv '"^ f^rtt > k-i, are known. Reaction 2 pro
ceeds with inversion of configuration1 and 3 with reten
tion of configuration.5 

e the r 
( + )R3Si*F + LiAlH4 > ( - )R 3 Si*H (2) 

p e n t a n e 
( + )R3Si*F + i-PrLi > (-f)R3Si*-i-Pr (3) 

Nevertheless, the high bond energy of S i -F (ca. 130 
kcal./mole), the high electronegativity of fluorine, and 
its small size, as well as the existence of the stable Si-
F6

2~ ion, suggested to us tha t mechanism 1 might ob
tain for R3Si*F under certain conditions which would 
also lead to the relationship &mv > k%. 

In the racemization experiments described below, the 
product in all cases is pure racemic fluorosilane. Mac
roscopic formation of a substitution product does not 
take place, and involvement of a substitution product in 
an equilibrium unfavorable to its isolation is ruled out 
by studies described later. Thus, it is clear tha t the 
rate of racemization greatly exceeds the rate of displace
ment of fluoride ion. In fact, the latter does not occur 
at all during the time required for complete racemiza
tion, under the designated conditions. 

In sum, our observations and conclusions lead to the 
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