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cess ive d e u t e r a t i o n s h o w e d t h e meta p r o t o n s m o r e de -
sh ie lded t h a n t h e ortho p r o t o n s . 1 2 

(12) One of t h e referees cal led a t t e n t i o n t o unpub l i shed a n d i n d e p e n d e n t 
work of Dr, D. G. F a r n u m on pheny l and p h e n y l m e t h y l c a r b o n i u m ions 
and suggested s imu l t aneous publ ica t ion , which was a r r anged by m u t u a l 
a g r e e m e n t . H a v i n g learned of Dr. F a r n u m ' s da t a , one can say t h a t there is 
excellent ag reemen t of t he observed chemical shifts of t he a l ipha t ic p ro tons 
and the over-all r ing p ro ton shifts. However , based on Dr. F a r n u m ' s da t a , 
s u p p o r t e d by ca lcula t ion of theore t ica l spec t ra with t he use of a c o m p u t e r 
p rogram, t he deshielding sequence of t h e ortho and meta p ro tons is reversed 
in t he d iphenyl - and p h e n y l m e t h y l c a r b o n i u m ions, as c o m p a r e d with t h a t 
of the t r i p h e n y l c a r b o n i u m ion. 
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TABLE I 

RING PROTON CHEMICAL SHIFTS FOR SOME PHENYLCARBONIUM 

IONS 4 

ortho— meta— 
Para, ortho, meta, para, para, 

r -un i t s 7-units r -un i t s p .p .m. p .p .m. 

2.80 2.80 2.80 0 0 

1.94 1.73 2.24 - 0 . 2 1 + 0 . 3 0 

Chemica l Shif ts and Long R a n g e Shie ld ing Effects in 

the Nuc lear M a g n e t i c R e s o n a n c e Spectra of 

P h e n y l d i m e t h y l , D ipheny l , Triphenyl , and R e l a t e d 

Carbonium Ions 
Sir: 

A n a l y s e s of t h e n . m . r . s p e c t r a of t r i p h e n y l c a r b o n i u m 
a n d m e t h y l d i p h e n y l c a r b o n i u m ions h a v e b e e n r e p o r t e d 
in t h e l i t e r a t u r e . 1 ^ 3 W e wish t o desc r ibe r e su l t s of a n 
ana lys i s of t h e n . m . r . s p e c t r a of a n u m b e r of p h e n y l -

C a r b o n i u m 
Case ion 

+ 

1 C6H6CH2CH2C(OH) 

2 

3 

4 
5 

6 

7 
8 

C6H5C(OH)2 

(C6Hs)2COH 

C6H5C(OH)CH3 ' 
(C6Hs)3C + 

(C6Hs)2CCH3
0 

(C6Hs)2CH" 
C6H5C(CH3V 

1.85 1. 2.17 + 0 . 0 3 + 0 . 3 2 

1.84 1.57 2.22 - 0 . 3 0 + 0 . 3 8 
1.76 2.31 2.13 + 0 . 5 5 + 0 . 3 7 

1.72 1.97 2.12 + 0 . 2 5 + 0 . 4 0 

1.62 1.54 2.02 - 0 . 0 8 + 0 . 4 0 
1.45 1.20 2.03 - 0 . 2 5 + 0 . 5 8 

" Since sulfonation in chlorosulfonic acid was very rapid, the 
n.m.r. spectrum of this substance was determined in concentrated 
sulfuric acid. h CH3 resonance at r 6.69. c CH3 resonance at 
T 6.30. d > C H resonance at r 0.19. ' CH3 resonance at T 
6.43. 

T h e ortho, meta, a n d para r i n g p r o t o n c h e m i c a l shi f ts 
for a n u m b e r of p h e n y l c a r b o n i u m ions a r e g iven in 
T a b l e I . V a l u e s were d e t e r m i n e d b y c o m p a r i n g n . m . r . 
s p e c t r a of ch lorosul fonic ac id so lu t i ons of t h e a p p r o p r i -

O M M O 

Fig, 1.—Calculated (dashed line) and experimental (solid line) n.m.r. spectra of some phenylcarbonium ions. Chemical shift differ
ences (5) and coupling constants (J) for the ortho (O), meta (M), and para (P) protons used for the calculation are given in c.p.s. Changes 
of 0.5 c.p.s. in chemical shifts or the large coupling constants gave noticeably poorer agreement. The small coupling constants are 
probablv within 1 c.p.s. of the correct value, (a) Diphenvlcarbonium ion: S(O-P) - 5 , 8 ( 0 - M ) +24 ; / ( O , M) 8.2, (O, P) 1.2, (O, M' ) 
0.5, (O1O') 1.2, (M, P) 7.5, (M, M') 1.7. (b) Methyldiphenylcarbonium ion: S (O-P) +15 , S (M, P) +24.5; J (O, M) 8.2, (O, P) 1.2, 
(O, M') 0.5, (O, O') 1.2, (M, P) 7.5, (M, M') 1.7. (c) Triphenylcarbonium ion: S (O-P) +33.5, S ( M - P ) +22 ; J (O, M) 7.7, (O, P) 
1.2, (O, M') 0.5, (O, 0 ' ) 1.2, (M, P) 7.5, (M, M') 1.0. 

c a r b o n i u m ions w h i c h (1) sugges t t h a t sh ie ld ing of 
ortho p r o t o n s b y n e i g h b o r i n g p h e n y l r ings in di- a n d 
t r i p h e n y l c a r b o n i u m ions is m o r e i m p o r t a n t t h a n h a s 
b e e n r ecogn ized in ear l ier p a p e r s , a n d (2) p e r m i t a qua l i 
t a t i v e c o r r e l a t i o n of t h e e x t e n t of p h e n y l d e r e a l i z a t i o n 
of t h e pos i t i ve c h a r g e w i t h t h e pos i t ion of t h e para 
p r o t o n r e s o n a n c e . 

(1) R. Dehl , W. R. V a u g h a n , and R. S. Berry, J. Org. Client., 24, 1616 
(1959) ; J. Chein. Phys.. 34, 1460 (1961). 

(2) D E. O'Reil ly and H. P Leftin, J. Phys. Chem., 64, 1555 (1960). 
(3) R. B. Moodie , T. M. Connor , and R. S t ewar t , Can. J. Chem., 37, 1402 

(1959). 

a t e ca rb ino l or c a r b o n y l c o m p o u n d 4 w i t h c a l c u l a t e d 
s p e c t r a o b t a i n e d us ing t h e c o m p u t e r p r o g r a m of 
B o t h n e r - B y a n d Naar -Col in . 6 - 7 T h e c a l c u l a t e d a n d de-

(4) Solut ions were m a d e up to a p p r o x i m a t e l y 1 0 % concen t r a t ion by 
dropwise add i t ion of a 1:1 solut ion of t he c o m p o u n d in th ionyl chlor ide t o 
vigorously s t i r red chlorosulfonic acid a t —20° (—40° for p h e n y l d i m e t h y l -
ca rbon ium ion) . T h e n.m.r . spec t ra were de t e rmined on a Var ian A-60 
spec t romete r a t room t e m p e r a t u r e ( — 40° for p h e n y l d i m e t h y l c a r b o n i u m 
ion). Chemica l shifts are r epor t ed on the r-scale with t e t r a m e t h y l a m m o -
n i u m f luoroborate (r 6.87) as an in te rna l s t anda rd . 5 

(5) D. G. F a r n u m , M. A. T. Heybey , and B. Webs te r , Tetrahedron Letters, 
N o . 5, 307 (1963). 

(6) A. A. B o t h n e r - B y a n d C. Naar -Col in , J. Am. Chem. Soc, 83 , 231 
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termined n.m.r. spectra for diphenyl-, methyldiphenyl-, 
and triphenylcarbonium ions are given in Fig. l a - c . 

The structures of the carbonium ions were established 
by several observations. In cases 2, 3, 5, and 7 (Table 
I) , the start ing materials were recovered in 60% yield or 
greater by addition of aged solutions in chlorosulfonic 
acid to excess, ice-cold, vigorously stirred, aqueous base. 
The phenyl proton regions of the n.m.r. spectra in 
cases 2, 4, and 8 were very similar in appearance, though 
different in position. The ratio of the area of the phenyl 
proton resonances to tha t of the methyl (or methine) 
proton resonance in cases 4, 6, 7, and 8 was very close to 
the calculated value. The position of the methyl (or 
methine) proton resonance in cases 4, 6, 7, and 8 was as 
expected for the carbonium ions (see Table I) . The 
spectra were stable and reproducible under the condi
tions of the n.m.r. determination. 

The data in Table I show tha t the position of the 
para proton resonance is a reasonable measure of the 
extent of positive charge on the phenyl ring. Thus, the 
cases 1 through 8 are arranged in the anticipated order 
of increasing stabilization of the benzylic carbonium ion 
by electron release from the phenyl group. Collater
ally, the para proton resonance moves progressively 
downfield. By contrast, the ortho proton chemical 
shifts show wide, noncorrelating variations. Columns 
5 and 6 show tha t the separation of the ortho and para 
proton resonances fluctuates dramatically, while the 
separation of the meta and para proton resonances is 
more uniform. 

A closer consideration of cases 3, 5, 6, and 7, how
ever, puts the behavior of the ortho protons on a rational 
basis. Thus, as the subst i tuent group on the benz-
hydryl carbon atom increases in size from hydrogen 
(case 7) to hydroxyl (case 3) to methyl (case 6) to 
phenyl (case 5), the ortho proton resonance moves up
held relative to the para. This is the expected behavior 
if the increasing bulk of the substi tuent causes the 
phenyl groups to twist further out of the plane of the 
carbonium ion, thus bringing the ortho protons more 
into the shielding region of the adjacent phenyl group. 
In order to account for the shielding of approximately 
0.5 p.p.m. observed for the ortho protons of the tri
phenylcarbonium ion, an angle in the neighborhood of 
40° from coplanarity is necessary. This may be com
pared with the 35° suggested by X-ray analysis of tri tyl 
perchlorate.8^11 
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(1961). We thank Dr. Bothner-By for a copy of the program and a deck 
of IBM cards. 

(7) The computer program was run, after minor modifications, on a CDC 
1604 computer. A resolution factor of 0.8 (approximately equal to the band 
width at half-height) gave calculated curves comparable in appearance to the 
best determined n.m.r. spectra. 

(8) K. A. Eriks, A. H. Gomes de Mesquita, and P. S. Aggarwal, 5th 
Annual Report of the Petroleum Research Fund, 1960, p. 35. 

(9) The large ortho shielding which we observe for the carbonium ion is 
claimed to be absent in the corresponding carbanion.10 Neither data nor 
space permits a detailed discussion of this discrepancy at present 

(10) V R. Sandel and H. H. Freedman, J. Am. Chem. SoC, 85, 2328 
(1963). 

(11) After the completion of this work we were made aware of related 
work done independently by George A. Olah on the preparation of stable 
salts of some of the carbonium ions reported. We thank Dr. Olah tor a 
prepublication account of his results and for his agreement to simultaneous 
publication. 

(12) Fellow of the Alfred P. Sloan Foundation. 
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A New Synthesis of 1,4- and 1,5-Diketones 
Sir: 

We have devised a new general synthesis of 1,4 and 
1,5-dicarbonyl compounds which we have then utilized, 
inter alia, in an efficient synthesis of jasmone (I).1' 
Is is well known tha t an unsymmetrically disubstituted 
acetylene such as II will undergo mercuric ion catalyzed 
hydrolysis to form both possible carbonyl compounds,2 

and such hydrations are therefore not ,normally suited 
to synthetic purposes. 

CH3 

CH2C=CCH2CH3 

H H 
I 

We were, however, a t t racted by the possibility tha t 
the hydration of an urisymmetrical acetylene of type 
I I could become completely unidirectional when R 
(or R' ) is an acyl group (cf. I I I ) . In such a situation 
the participation of the carbonyl oxygen in the tran
sition s tate for the hydration should sufficiently lower 
its energy to lead to only one of the two possible prod
ucts, in this case the 1,4-diketone (IV). 

R' 

? ( O 
->- R C = C - C ' —> 

R C s C - C - C - C - R ' 
III Hg+ 2 

R' H 

R-. R 
C 
I 

Hg 

V 
> 0 H n 

Hg. 

9 o 
Il Il 

R C H 2 C - C - C - C - R ' 
IV \ 

O 

R'CCCCCCR R'CCC=CCCR 

O 
Il 

R'CCCCCCR 

The ketones of type I I I , which were necessary to tes t 
this hypothesis, were made by two different routes 
which we will illustrate with the synthesis of 5-undecyn-
2-one (V). In the first sequence, methyl vinyl ketone 
was converted, by addition of hydrogen bromide 
followed by exchange ketalization, into the cyclic ketal 
of 2-bromoethyl methyl ketone (VI)3 which thus be
comes readily available, and which served to alkylate 

CH3 (CHi)4C=CCH2CH2CCH3 
V 

(X. . 0 
CH3CCH2CH2Br 

VI 

CH3 

Ox^O 
CH3(CHa)4C=CCH2CH2CCH3 

VII 

(CH2J4CH3 

VIII 

the lithium salt of 1-heptyne in refluxing dioxane to 
give acetylenic ketal VII in 50% yield, b.p. 85-88° 
(0.05 mm.) . Deketalization with methanolic sulfuric 
acid led to the desired V in 9 3 % yield, b.p. 79-81° 
(0.3 mm.) , semicarbazonem.p. 104-104.5°. 

(1) G. Stork and R. Borch, J. Am. Chem Soc , 86, 930 (1964), 
(2) For general references, cf. R. Raphael, "Acetylenic Compounds in 

Organic Synthesis," Butterworths Publications Ltd., London, England 
1955. 

(3) For an earlier synthesis of this substance see L. Willimann and H 
Schinz, HeIv. Chim. Acta. 32, 2151 (1949). 


