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C7&+ has been replaced by a process giving a large 
yield of CgHlo+ of mass 106. Evidently production 
of the C7H8+ ion in high yield requires a t  least one 
hydrogen atom on the gamma carbon. 
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RECEIVED JUSE 11, 1959 

T-COMPLEXES OF T H E  TRANSITION METALS. XI. 
ADDITION REACTIONS OF TRIARYLCHROMIUM 

COMPOUNDS' 
Sir : 

The preparation of triphenylchromium (111), its 
rearrangement of 9-bonded bis-arene chromium 
complexes and its ability to promote cyclic con- 
densation of disubstituted acetylenes to benzene 
derivatives, polynuclear aromatic hydrocarbons 
and bis-arene ir-complexes have been described in 
recent papers.' The synthetic capabilities of this 
and other organochromium (111) compounds have 
now been extended by the discovery that these 
organometallic reagents can participate in addition 
reactions with acetylenes to give substituted 
styrenes and stilbenes. 

A solution of the blue trimesitylchromium (111) in 
tetrahydrofuran, prepared by the addition of three 
mole equivalents of mesitylmagnesium bromide to 
one of chromic trichloride a t  -20°,2 undergoes 
exothermic reaction with 2-butyne after a short 
induction period to yield the liquid addition prod- 
uct, 2-mesityl-2-butene, I [Anal. Calcd. for CIS- 
H18: C, 89.59; H,  10.41. Found: C, 89.70; 
H,  10.301, as well as the normal condensation 
product, hexamethylbenzene. Chemical evidence 
and infrared, ultraviolet and Raman spectroscopic 
measurements support this structural assignment. 
This substituted styrene is oxidized by osmium 
tetroxide to 2-mesitylbutan-2,3-diol, m.p. 110-1 12" 
[Anal. Calcd. for C13H2002: C, 74.96; H ,  9.68; 
mol. wt., 208. Found: C, 75.62; H, 9 . i 1 ;  mol. 
wt., 2091, which in turn is cleaved by lead tetra- 
acetate to acetaldehyde and 2,4,F-trimethylaceto- 
phenone. 

H8COOC COOCHI 

Mes HjCs 
I I1 

A second example of this reaction type involves 
the addition of two aryl groups from the organo- 
metallic reagent to an acetylenic bond. Dimethyl 
acetylenedicarboxylate and triphenylchromium in 
tetrahydrofuran a t  room temperature interact 
exothermically to produce cis-dimethyl diphenyl- 
maleate, 11, m.p. 110-112" (lit. 110-111"). The 
cis-configuration of this substituted stilbene was 
confirmed by its hydrolysis and subsequent acidi- 
fication to diphenylmaleic anhydride which melted 
undepressed with an authentic sample, m.p. 158- 

These addition reactions of triarylchromium 
compounds with acetylenes in which one aryl 
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(1) W. Herwig and H. Zeiss, THIS JOURNAL, 79, 6561 (1957); 
80, 2913 (1958); 81, In press (1959); W. Herwig, W. Rfetlesics and 
H. Zeiss, i b i d . .  in press. 

(2) M .  Tsutsui and H. Zeiss, unpublished results. 
(3) 1,. Chalanay and E. Knoevenagel, Be*.. 26,385 (1893). 

group is participating in the first example described, 
and two in the second, are influenced both by 
reaction stoichiometry and by the electronic prop- 
erties of the acetylenic substituents. It appears 
that the tetrahydrofuran molecules coordinated 
directly with each triarylchromium, as in the 
example of triphenylchromium tri-tetrahydrofuran- 
ate, are displaced stepwise by the acetylenes, the 
extent of displacement being dependent on the 
amount of the acetylene available. According to 
this concept, only one replacement leads to the 
styrenes and stilbenes, two to the polynuclear 
aromatic hydrocarbons when an aryl ortho-position 
is open for ring closure,' and three replacements 
give the benzene derivatives. A second factor 
favoring addition instead of cyclic condensation 
is the effect of electron-withdrawing groups, such as 
carbomethoxy, in delocalization of the acetylenic 
n-electrons. No cyclic condensation products, 
i.e., benzene or polynuclear aromatic derivatives, 
were isolated from the reaction of dimethyl acetyl- 
ene-dicarboxylate and triphenylchromium in the 
present case. 
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REACTION OF ALKOXIDE WITH CXz TO PRODUCE 
CARBONIUM ION INTERMEDIATES' 

Sir : 
We wish to report a novel method for producing 

highly reactive carbonium ion intermediates in 
basic media. It is generally accepted that  re- 
actions of haloform with alkoxide ions produces 
dihalocarbene. Hine, Pollitzer and Wagner3 have 
reported the conversions of alcohols to olefins by 
the halogen-base system. 

While attempting the preparations of di-alkoxy- 
carbenes we noted olefins and carbon monoxide 
were often the major  product^.^ 

Reactions of alkoxides with bromoform in al- 
chohol solutions produce carbon monoxide and 
n-CaH,OH Propylene, cyclopropane 
n-CdH90H 1-Butene, cis-2-butene, Irans-2-butene, 

methylcyclopropane 
s-CdHsOH I-Butene, cis-2-butene, trans-2-butene 
i-CrHsOH Isobutylene, 1-butene, cis-2-butene, trans- 

2-butene, methylcyclopropane 
I-C~HQOH Isobutylene 
t-C6HiiOH 2-Methyl-l-butene, 2-methyl-2-butene 
neo-CsHI1OH 2-Methyl-I-butene, 2-methyl-2-butene 

The yield of carbon monoxide increases as the 
structure of the alcohol is varied in the order 
prim., sec., and tert., (49-94%), and low concen- 
trations of alkoxide ions favors this reaction. 
The ratios of olefins to carbon monoxide fall in the 
range 0.6-0.8. Bromoform is somewhat more 

(1) This work was supported by the Office of Ordnance Research, 
Contract No. DA-36-061-ODR-607, and was presented at the Seventh 
Reactions Mechanisms Conference, Chicago, Sept., 1958. 

(2) J. Hine, THIS JOURNAL, 72, 2438 (1950). 
(3) J. Hine, E. L. Pollitzer and H.  Wagner, i b i d . ,  71, 5607 (1983). 
(4) Minor products observed are CHxClt (CHClr reactions), methyl 

ethyl ketone (s-CdHeOH), ethers and orthoformates. Methylene iodide 
has been repoited by Parham, ReiR and Swarzentruber, ibid. ,  78, 1437 
(1956). and CHzCI? and ketone by lline and co-workers (private com- 
munication). 



effective than chloroform, but CHClF2 and CHC12F 
fail to affect dehydrations. 

The dehydration of neopentyl, i-butyl and n- 
butyl alcohols reported here produces essentially 
the same products as those obtained by nitrous 
acid deamination of n e ~ p e n t y l , ~  isobutyl6 and n- 
butyl7 amines. The ratio cis,/brans olefins is 
0.54, O.ii0, 0.55 for n- ,  s- and i-butyl alcohols, re- 
spectively, and the ratio 2-methyl-1-butene ' %- 
methyl-%-butene is 3.0 and 2.1 for t-  and neopentyl 
:tlcohols. Thus we are led to the postulate that 
these reactions proceed through s-butyl and t-amyl 
carbonium ions, respectively. 

An isostere of a diazonium cation, R E 2 + ,  is the ion 
(ROC) 1. 

t + 
R-0-C: R-S-S : 

4 
J. 

- 1  .. + I1 
K--S===S 

s 
R-0-C: 

Loss of the very stable nitrogen molecule provides 
the driving force for decomposition of alkyldiazo- 
nium cations to produce carbonium ions. Loss of 
carbon monoxide from (I) should provide a similar 
driving force. 

Evidence will be presented later for the iiiecha- 
nisms. 
rto + CS-. -+ s- + K---o-c--s --f 

R -  + CO + X - , o r  

If X is fluorine, the ROCF intermediate does not 
release F- and CO, but reacts instead by addition 
of alcohol.8 

The over-all reaction is the removal of oxide ion, 
O=, froni alkoxide ion. Sunierous applications 
involving de-oxideations of oxygen anions by CX1 
suggest themselves and are under active investiga- 
tion. 

Jo- + CS? --f J -  + CO + 2 s -  

RO- + C S !  + '7s- + It-OC' ---+ R- + CO. 

fa) h I .  I'reund and F. Lenze, Bw., 2 4 ,  2130 (1891). 
( I , )  1,. Cannrll and K .  W Taft .  Jr.. THIS J O U R N A L ,  78, 3812 ( l9%5f i ) .  
ri) I?, C. \Vhitmore and D. P. 1,angluis. i b i d . ,  6 4 ,  3441 (1932) .  
18) J.  Hine a n d  K. Tanabe i b i , / , ,  79, ?!I5-L (19T17); 80,  3002 
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A MAMMALIAN SYSTEM FOR THE INCORPORATION 

CLEIC ACID' 
OF CYTIDINE TRIPHOSPHATE INTO RIBONU- 

Sir :  
A4 mammalian preparation that incorporates 

cytidylate from cytidine-P'?-P-P into RXA2 and 
is markedly stimulated by ATP, CTP, and GTP. 
is described in this report. 

ClIP-S/-PJ2 was prepared by a modified pro- 
cedure for the phosphorylation of 2',3'-benz- 

(1) Supported by funds from the  Argonne Cancer Research Hos- 
pital, operated by the University of Chicago, for the United States 
Atomic Energy Commission. 

(2) Abbreviations: DN.4, deoxyribonucleic acid: R K A ,  ribonucleic 
acid: C T P ,  ATP,  U T P  and G T P  for the tri- and A D P ,  U D P  and 
G D P  for the di- and C J I P ,  Ah lP ,  UXLP and G M P  for the monn- 
phosphates of cytidine, adenosine, uridine and guanosine; TRIS, 
t r i s - (hydroxymethy l ) - amin , ,n~e th :~n~ ;  T C A ,  trichluroacetir: aricl; Pi, 
inorganic phosphate. 

vlidene-0-cytidine." Laheletl CTP was prepared 
irom P"-CblP by a cytidylate kinase isolated from 
brewers' yeast. Twice washed nuclei were pre- 
pared from a % ( J c ~ <  rat liver lioinogenate in 0.25 
iiiolar sucrose and ccntriiuged for six minutes a t  
(i00 Xg. 

When P32-CTP w;is incubated with the ii00 X g  
preparation, in the presence of all the riboiiucleo- 
side triphosphates. a signiiicmt u n o u n t  of label 
was incorporated into the 1iSA fraction. Omis- 
sion of any one of the triphosphates resulted in a 
reduction of St jc  or more of P"?-CTP iiicorporation 
(Table I). Desoxyribonuclease depresses the in- 
corporation slightly, whereas ribonuclease causes a 
marked reduction. In other experiments, a re- 
quirement for l IgL-+ TVBS demonstrated and a 
fivefold excess of deoxy-CTP did not reduce the 
incorporation of P"-ClP. 

\IThen P32'-lnbeled RXA (7[J,(iOl) t o t d  c o t ~ ~ l t ~ ) ,  
formed by this system, was isolated arid hydro- 
lyzed with alkali, the Iiiorioiiucleotides separated 
on Dowex-l-CI contained these counts: 2'(3')- 

8,800; %'(R')-LTIIP. 21 ,!14(1, 
CLIP, ",ss!)o: 2/(:3/)-A4 i r P ,  ,s,iis!); 2'(3')-C,iIP, 

TABLE I 
KEQUIREMENTS FOR P3?-CYTIDIXE TRIPHOSPHATE ISCOR- 

PORArION ISTO RSA' 
Tlie complete s\-sterti coiitainetl in 10 pinole LTgCl!, 100 

prriole TKIS.HC1, pH 8.0, 0.1 wniolc PJ2-CTP (1Ci.S X 10° 
cciutit.;/prnole), 0.1 'pimole ATP, (1.1 pinole YTP,  0.1 ptriole 
C,TP, 100 pnlole KC1, 40 ,urriole T:tF, 10 pitnole 
and 10--12 nig. of twice ~vashet i  nuclei (tlrj- iveiglit), ii 
volume of 2.0 nil. After iiicu1)ation ;lt 37' for 12 
.i nil. of cold 5': TCA4 was adtlcd. Tlie :wid insoluble ma- 
terial wsns washetl ,'j times with >' ; TCX, 2 times with 
ethanol-ether (4: 11, and estr:lcteti :i times \vitli 2 nil. of 
10' S a C l  a t  IOO", p I I  8.(1, ~r i t l i  2 rrig. of yeast R S A  added. 
T h e  cornbitied e s t r w t i  were preci;)it:Lted twice with 9 
volunne-: o f  ethaiiill. The  reiidue W':IS di<.;olved it1 4 1111 r J f  
Lvater nut1 1 .O r i l l .  i v a i  driril : i t i d  iyrtl i!i :L w i r i t l o d c ~ ~  f l l w  

ciiunt er. 
Radio- 

activity 
I< L- A 
(tatnl 

miiintii K ?:IC t i on mi Y t LI r? 

Cimiplete 3 s 2  

Omit I T € '  781 1 
Oiiiit GTP 104 

Coinplete + 20-, riIm1ucle:~se 8% 
Conipletc + 20 -, desi,s~-riborlucleasc 

Oriiit .4TP Wi 

Oinit ATP, I-TI' :inti GTP fi0 

7940 
100 
4030 

liisn 

128 

Complete + 10 pmole inorganic pyrop1iospIi:lte 
C~)inplete i i i  100 pniole P i  buffer, PH 7.,5 ( 1 1 0  

Ccmplete: i lDP, L-DP, GIIP in place (if ATP, 

Complete: AAIE',  I7A1I' ,  GXIP in  pluce of ATP, 

TRIS) 

TTP, CTP 

T'TP, CTP 

The appearance of label in all the mononucleo- 
tides. after hydrolysis, suggests strongly that P3'- 
CTP is incorporated into the iIiterpolyllucleotide 
linkages of RNA rather than terminally.4 The 

( 3 )  J.  Baddiley, J .  (> Riichannn : ~ n d  A, R.  Snnderaqin, . I .  Chevl. 
S o c . ,  3107 (1938) 
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i b )  AT. I<drnonds and K .  Al,r.ims, i b i d . ,  26,  220 (1957);  (c) I,. I. 
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