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However, in this way stilbene is present in the product mixtures 
and the chromatographic analysis is consequently less accurate, 
because its retention time is similar to that of the corresponding 
ketones. 
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A series of highly substituted aryl carbinols ArCOHRR’ (2-14) has been prepared. The hydroxyl stretching 
frequencies of the alcohols in CCla were measured and, although multiple bands were observed in some cases, the 
spectra were interpreted in terms of a predominant conformation with the oxygen in the plane defined by the 
carbinol carbon and the aromatic ring. The first overtone of the hydroxyl stretching frequency in the near- 
infrared showed the same multiple bands. The downfield chemical shift of the hydroxyl protons on addition of 
DMSO was examined. The magnitude of this shift was smaller in the more crowded compounds. The p values 
for the effect of para substituents on the chemical shifts are about 0.5 for all series examined and are insensitive 
to the size of attached groups. The effect of tris(dipiva1omethanato)europium on the chemical shifts was ex- 
amined, and the shifts of the aromatic protons were correlated with the distance and angle dependence of the 
pseudocontact shift equation. The geometries of the EU complexed alcohols were interpreted in terms of a pre- 
dominant conformation with a coplanar arrangement of the aryl-C-0-Eu atoms. 

a-Phenylcarbinols display multiplicity in their hy- 
droxyl stretching frequencies in the infrared which has 
been interpreted in terms of the conformations of the 
 molecule^.^ The nmr chemical shift of the hydroxyl 
proton of phenylcarbinols in dimethyl sulfoxide 
(DMSO) solution has also been used as a probe for ex- 
amining the structures of the  carbinol^,^ and the nmr 
spectra of a-aryldi-tert-butylcarbinols have been re- 
lated to their conformational proper tie^.^ 

The present investigation was designed to examine 
the role of very bulky substituents on the spectro- 
scopic properties of a-arylcarbinols. The accom- 
panying papera considers the spectral properties and 
reactivity of ferrocenylcarbinols. The reactivity of the 
aryl compounds will be presented el~ewhere.~ 

Results 

A series of highly substitut’ed arylcarbinols (2-5, 7) 
were prepared by reduction, or by addition of the ap- 
propriate alkyllithium to tert-butyl aryl ket’ones (la, b) 
(Table I). 

P henyldi-tert-but’ylcarbinol (6) was prepared by the 
addition of phenyllithium to di-tert-butyl ketone to 
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ArCHOH-tert-Bu 

1. R‘Li \ ArCOHRR‘ 
la, Ar = Ph; R = tertBu 
b, Ar = p-tert-BuPh; R = tert-Bu 

3-5 

minimize 1,6-conjugate addition to the para position of 
la ,  a reaction often observed in the reaction of la with 
organometallic reagents.”~~ Similarly, phenyl-tert-bu- 
tylneopentyl- and phenyldineopentylcarbinols (8 and 9) 
and their derivatives having a para substituent on the 
phenyl ring (10-14) were prepared by the addition of 
the corresponding aryllithium to tert-butyl neopentyl 
and dineopentyl ketones, respectively. 

Hydroxyl stretching frequencies for the alcohols were 
measured for CCL solutions and are summarized in 
Table I. The frequencies for compounds 2-7 were 
measured for 0.4 and 0.04 M solutions. At the higher 
concentration intramolecular hydrogen bonds around 
3500 cm-I could also be observed for 2-4. The fre- 
quencies for compounds 8-15 were measured for 0.004 
M solutions. The frequency reported for 6 is some- 
what improved over that reported p r e v i o ~ s l y . ~ ~  Com- 
pound 6 also showed near-infrared absorption fre- 
quencies at 7117 and 7060 cm-I with relative intensities 
5 and 3,  respectively, for either 0.13 M or 0.03 M solu- 
tions in CC14. 

The nmr spectral parameters of the carbinols in var- 
ious solvents are also given in Table I. The influence 
of the concentration of DMSO in cc14 on the hydroxyl 
chemical shift of 2 is given in Table 11. Plots of the 
hydroxyl chemical shifts of the para-substituted aryl- 
dineopentylcarbinols and the aryl-tert-butylneopentyl- 
carbinols in DMSO us. the u parameters of the sub- 
stituents were linear, with p values of 0.50 and 0.47, re- 

(8) (a) C. Cottrell, R. C. Dougherty, G. Fraenkel, and E. Peochold, J. 
Amer. Chem. Soc., 91, 7545 (1969); (b) G. Fraenkel and E. Pecchold, Tetra- 
hedron Lett., 4821 (1969); 153 (1970); (c) R. Calas, J. Dunogues, J.-P. Plllot, 
C. Biran, and N. Duffaut, J .  Organometal. Chem., 26, 43 (1970). 
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Compd 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Ar 

Ph 

Ph 

Ph 

Ph 

Ph 

P-t-BuPh 

Ph 

Ph 

p-Anis 

p-Anis 

p-C1Fh 

P-ClPh 

P-FaCPh 

p-C1Ph 

R 

H 

Me 

E t  

i-Pr 

t-Bu 

H 

t-Bu 

NP 

t-Bu 

NP 

t-Bu 

NP 

t-Bu 

Me 

k' 
t-Bu 

t-Bu 

t-Bu 

t-Bu 

t-Bu 

t-Bu 

Nph 

NP 

NP 

NP 

NP 

NP 

NP 

Me 

TABLE I 
SPECTRAL PARAMETERS OF ARYLCARBIKOLS, ArCOHRR' 

7 -Nmr. 6 __-- 
urnax, cm-1 a 

3619 

3625 (sh) 
3611 
3615 

3624 (sh) 
3612 

3644 (5) 
3617 (3) 
3620 

3641 

3640.5 
3630 (sh) 
3640 

3641 
3632 (sh) 
3641 

3638 
3629 (sh) 

3641.5 

3620 (5) 
3607 (6) 

Solvent 

CCla 
DMSO 
ccl4 
DMSO 
cc14 
DMSO 
CCla 

DMSO 

CCla 
DMSO 
CCL 
DMSO 
CClr 
DMSO 
cc14 
DMSO 
CDCla 
DMSO 
Ccl4 
DMSO 
CCla 
DMSO 
Pyridine 
CCla 
DMSO 
Pyridine 
cch 
DMSO 
cc14 
DMSO 
Pyridine 

OH 

1.76 
5.08" 
2.0 
4.58 
1.47 
4.24 
1.36 

4.09 

1.72 
4.16 
1.97 
4.9@ 
1.53 
3.93 
1.45 
4.02 
1.67 
3.83 
1.40 
3.90 
1.55 
4.00 

1.43 
4.15 

1.63 
4.22 
1.82 
5.02 

Aromatic 

7.12 
7.25 
7.4 (m) 
7.2 (m) 
7.2 (m) 
7.3 (m) 
7.1 (m) 

7.2 (m) 

7.4 (m) 
7.4 (m) 
7.2 (m) 
7 . 2  (m) 
7.3 (m) 
7.3 (m) 
7.3 (m) 
7.3 (m) 
6.80, 7.35b 
6.80, 7. 35b 
6.70, 7.23b 
6.78, 7.3jb 
7.18, 7.37b 
7.26, 7 .47b 
7.38, 7.68b 
7.19, 7.3jb 
7.25, 7.4gb 
7.38, 7.67b 
7.54' 
7.63 
7.15, 7.3sb 
7.24, 7.566 
7.39, 7.71b 

tert-Bu 

0.84 
0.89 
0.89 
0.86 
0.88 
0.80 
0.91 

0.88 

1.07 
1.02 
0.84, 1.30 
0.90, 1.33 
0.77, 0.85 
0.72, 0.80 
0.70 
0.65 
0.78, 0.87 
0.73, 0.80 
0.70 
0.68 
0.78, 0.85 
0.77, 0.85 
0.93, 0.98 
0.72 
0.68 
0.83 
0.77, 0.87 
0.73, 0.82 

CHzR 

1.8-2.4 (m) 

2.5 (CHMe2)/ 

1.88, 2 .  100 
1.83, 2.078 
1.71, 1 ,880 
1.70, 1.878 
1.90,2.10Q 
1.80, 2.020 
1.59, 1.930 
1.77c 
1.88, 2.080 
1.87, 2.078 
2.23, 2.670 
1.65, 1.928 
1.80~ 
1.97 
1.92, 2.140 
1.88, 2.120 

Other 

4.18 (CHOH) 
4.24 (CH0H)e 
1.52 (Me) 
1.50 (Me) 
0.63 (Me)d 
0.60 
0.57, 1.09 

0.58, 1.10 
(CHMez)d 

(CHMe# 

4.19 (CHOH) 
4.22 (CHOH)e 

3.80 (OMe) 
3.73 (OMe) 
3.75 (OMe) 
3.72 (OMe) 

1,48 (Me) 
1,43 (Me) 
1.67 (Me) 

Q CClr solutions, A'A'XX' quartets. Reported as 6, which was calculated with approximate J = 9 Hz in all cases and using an 
equation for the difference of chemical shifts between protons A and X in an AX system: L. 31. Jackman and S. Sternhell, "Applications 
of Nuclear Magnetic Resonance Spectroscopy in Organic Chemistry," 2nd ed, Pergamon Press, New York, N. Y., 1969, pp 129, 130. 
c Broad singlet. f Heptet, 6 2.50, J = 7 Hz. d J = 7 Hz, e Doublet, J = 4 Hz. 0 Doublet, J = 15 Hz. Neopentyl. 

TABLE I1 
EFFECT OF DMSO ON THE HYDROXYL 

CHEMICAL SHIFT OF PhCHOH-tert-Bu (2p 
DMS.0/Zb 0 . 0  0 . 5  0 .75  1 . 0  1 .25  2.75 6 . 0  11 .0  m 

6 (OH)' 1 .76  2.92 3 . 2 8  3 .52  3 .72  4 12 4.52 4 .70  5.08 

a 0.5 M in @Cia. Mol of DMSO/mol of 2. cRelative to 
TMS. 

spectively. The downfield shifts of the resonances re- 
sulting from addition of 0-0.5 mol of the paramagnetic 
shift reagent tris(dipiva1omethanato)europium [Eu- 
(DPM),] to  12, 13, and p-chlorophenyldimethylcar- 
binol (15) were determined, and plots of 6 for the var- 
ious protons vs. the concentration of the shift reagent 
were linear in all cases. The slopes of these plots are 
tabulated in Table 111. 

TABLE 111 
Eu( DPM), SHIFT GRADIENTS OF RESONANCES~ 

Compd Ortho €Ib Meta Hb tert-Bu tert-BuCH? Me 

12 2.38 0.20 1.80, 1.68 4.16, 2.48 
13 4.84 0.62 2.26 6.96, 5.82 
15 11.16 2.42 14.54 
Shift gradient A6, defined as parts per million downfield/mol 

of Eu(DPM), per mol of carbinol. Refers to the position ortho 
and meta to the carbinol group, respectively. The lowest field 
protons experience the largest shifts and are assigned to the 
ortho positions. 

Discussion 
The arylcarbinols in CCI, display maxima at  a high- 

frequency region around 3640 cm-l, and a t  a low fre- 
quency region around 3615 cm-l. These regions were 
proposed some time to  be characteristic of free and 
n-bonded hydroxyls; for example, benzyl alcohol has 
bands a t  3632 and 3615 cm-l which were assigned to 
these types. This viewpoint has been c r i t i ~ i z e d ~ ~ t ~ "  be- 
cause the frequency shifts between rotational confor- 
mers in some saturated alcohols were equally as large as 
those in the aromatic cases.9 Recent r e ~ u l t s ~ ~ ~ ~ ~ ~  for 1- 
tetralols and chroman-4-01s of known configuration 
have suggested that n bonding is still a viable explana- 
tion for the occurrence of stretching frequencies of 
benzyl alcohols in the range 3600-3620 cm-l, but such 
interpretations must be viewed with skepticism. 

The first overtone of the hydroxyl stretching fre- 
quency occurs in the near-infrared region around 7100 
cm-l (1.4 p ) .  This absorption is perhaps more con- 
venient for examination of multiplicity in the hydroxyl 
stretching frequency than the more usual infrared mea- 
surements, and such spectra of various l12-diphenyl- 
ethanols have been interpreted in terms of both free and 
n-bonded hydr~xyls .~g For 6 in CC1, we observe bands 

(9) L. Joris, P. v. R. Sohleyer, and E. 6sswa, Tetrahedron, 24, 4759 
(1968). 
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at 7117 and 7060 cm-l, relative intensities 5 and 3, re- 
spectively, corresponding to the 3644 and 3617 cm-l 
bands in the infrared. However, the same caveat 
given above applies to the interpretation of these near- 
infrared absorptions as free and .Ir-bonded hydroxyls. 

Some possible conformations to be considered for the 
arylcarbinols are shown as structures A-D (Chart I). 

CHART I 

R k R(0H) 
A B AorB 

U 

C D C o r D  

In  structures A and B all three substituents are stag- 
gered around the plane of the phenyl ring, whereas in C 
and D the C-0 bond lies in the plane of the phenyl 
ring. .~r bonding of the hydroxyl to  the ring should bc 
possible in A and B, although the hydroxyl hydrogen 
may point away from the ring and be unbonded in these 
conformations. 

The hydroxyl group evidently forms rather strong 
complexes with DRISO of EU(DPM)~.  Thus addition 
of DAISO to a CCL solution of benzyl alcohol was ob- 
served4& to lead to shifts of the OH stretching frequency 
to 3440 cm-l, and the data in Table I1 show a marked 
downfield shift of the hydroxyl resonance on addition of 
DAISO to a CC14 solution of 2. Addition of Eu(DPRI)3 
gives a linear change in chemical shifts with ratios of 
E~(DPRI)~:alcohol  up to 0.8.lo The hydroxyl ab- 
sorption is the only resonance markedly shifted by the 
addition of DRfSO (Table I). 

The nmr spectra of p-anisyldi-tert-butylcarbinols 
show a temperature variation of the aryl resonances 
ascribed to slow rotation around the aryl-carbinol bond,6 
and give the same behavior in a variety of solvents, in- 
cluding DRIS0.5 Apparently the conformation around 
the aryl-carbinyl bond is not significantly affected by 
the presence of DRISO or Eu(DPM)~,  which is reason- 
able in view of the reported" insensitivity of the effec- 
tive size of the hydroxyl group of cyclohexanol upon 
complexation with DRISO.ll It would seem that com- 
plexation of DAIS0 to the hydroxyl hydrogen, or Eu- 
(DP119)3 to the oxygen, might lead to a change in the 
rotational population around the C-0 bond to ac- 
commodate the bulk of the added molecule, but the 
evidence on this point is only suggestive. 

Sternhell and coworkers5 have presented convincing 
evidence that conformations C and D are predominant 
(within the sensitivity of the nmr spectrometer) for the 

(10) (a) J .  K. M. Sanders and D. PI, Williams, J .  Amer. Chem. Soe., 93, 
(b) B. L. Shapiro, J. R.  Hlubuoek, G. R. Sullivan, and L. F. 641 (1971). 

Johnson, %bid. ,  93, 3281 (1971). 
(11) R. J. Ouellette, zbzd., 86, 4378 (1964). 
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di-tert-butylcarbinols. Thus at lower temperatures the 
aromatic protons show nonequivalence of the ortho 
protons and nonequivalence of the meta protons, and 
this nonequivaleme disappears a t  higher temperatures. 
This behavior is ascribed to slow rotation around the 
aryl-carbinol bond, so that the two sides of the mole- 
cule are unequally shielded at  lower temperatures. 
The multiplet ir bands for 6 can be ascribed to the pres- 
ence of C and D, rather than the presence of A or B, for 
this molecule as was suggested by one of The 
neopentyl compounds (8-14) show neither the non- 
equivalence of the two halves of the aromatic ring nor 
any strong ir bands at  lower frequencies. Thus con- 
formation D appears favored with these compounds, 
with a rapid rotation around the aryl-carbinol bond so 
that the two sides of the ring are equally shielded. 

The lower frequencies observed .Ir-ith the less crowded 
compounds 2-5 and 15 suggest that these compounds do 
exist a t  least to some extent in CCl, solutions in con- 
formations such as A or B with a degree of .~r bonding 
to the aromatic ring. Steric interactions would pre- 
sumably be minimized in conformation A in compounds 
2-5, where the very large tert-butyl group would take 
the position furthest removed from the phenyl ring. 

It is readily apparent from Table I that there is a trend 
in the chemical shifts of the hydroxylprotons in DRISO to 
higher fields with increasing bulk of the substituents. 
This is in accord with the trend reported by Ouellette 
and c o ~ o r k e r s , ~ ~  who found 6 values for benzyl alcohol, 
1-phenylethanol, cumyl alcohol, and 3-methyl-2-phe- 
nylbutanol of 5.15, 5.12, 4.95, and 4.63, respectively. 
cis- and trans-1-phenyl-4-tert-butylcyclohexanols were 
reported to give shifts of 6 4.63 and 4.55, re~pec t ive ly .~~ 
The strong dependence of chemical shift on the bulk of 
the alkyl groups suggests that the bonded dimethyl 
sulfoxide molecule is repelled by the substituents to 
weaken the complex. The 6 values for phenyldi-tert- 
butylcarbinol (6) ,  phenyl-tert-butylneopentylcarbinol 
(8), and phenyldineopentylcarbinol (9) are 4.16, 3.93, 
and 4.02, respectively, suggesting that 8 has the highest 
degree of steric crowding in the vicinity of the hydroxyl 
group. This is in accord with the fact that this system 
apparently formed the weakest complex with Eu- 
(DPM)S [the smallest Eu(DP?tI)3 shift gradient in 
Table 1111. 

The values of p found for the aryldineopentyl and 
aryl-tert-butylneopentyl systems of 0.50 and 0.47, re- 
spectively, for the complexation with DMSO, may be 
compared with the values of 0.41, 0.45, 0.51, and 0.63 
reported by Ouellette and coworkers4& for the substi- 
tuted benzyl alcohols, 1-arylethanols, cumyl alcohols, 
and 3-methyl-2-phenylbutanols, respectively. The 
trend toward larger p values with increasing bulkiness 
of the groups noted in these latter thus is prob- 
ably only a random variation, as the present results 
with still larger substituents do not follow this pattern. 

The large steric effect of the 01 substituents shows a 
rather severe interaction of the complexing DJISO 
molecule with these groups, but the absence of any 
steric effect in the p-tert-butyl substituted derivative 7 
indicates that the complexing solvent is not closely 
associated with the benzene ring. These considera- 
tions suggest that conformation E is preferred for the 
complex, and that the effect of ring substituents on the 
strength of the hydrogen bond to DMSO is transmitted 
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DM$O 
0-H" 

x a c i , ,  h R  
- 
R 

E 
through the bonds of the molecule. This description 
differs from that proposed by Ouellette and coworkers,4a 
which included ?r bonding of the DMSO to the aromatic 
ring. 

It has also been suggested4" that the H-C-0-H cou- 
pling in DMSlO is influenced by the size of substituents 
on the carbinol carbon, in that primary alcohols (benzyl 
alcohols and ethanol) have couplings of 5.1-5.5 Hz, 
whereas I-arylethanols have J = 4.0 Hz. However, 
the fact that compounds 2 and 7 also have J = 4.0 Hz 
establishes that the size of the 1-alkyl substituent does 
not affect the coupling constant, and suggests that the 
coupling constants probably reflect only the primary or 
secondary nature of the carbinol, and that all of the 
DMSOcomplexes haveconformationE, or conformations 
related to E by rotation around the aryl-carbinol bond 
in the case of 2-5, 7, and 15. 

The Eu(DPM)a-induced shifts are consistent with 
the usuallob pseudocontact shift dependence for a 
proton Hi (eq l), where A& is the change in chemical 

A6, = k(3 COS2 Bi - l)R1- (1) 

shift induced per mole, k is a constant for each com- 
pound and temperature, 0 defines the HiEuO angle, and 
R is the Hi-IEu distance. Using geometry F for the 

HO---- 

F 

complex, with the aryl-C-0-Eu system coplanar and 
rapid rotation around the aryl-C bond, the Eu can be 
located relative to the H, and H, protons of the ring. 
Use of an 0-Eu distance of 3.0 A and the ratio of the 
shift gradients [Aa0/A6, = (3 cos2 00)Rm3/(3 COS' Om). 

RO3]  from Table I11 gives calculated angles of CY of 45,61, 
and 67" for 15, 13, and 12, respectively. Structures 
where the 0-Eu distance and CY increase simultaneously 
owing to repulsion of the bulkier alkyl groups are also 
consistent with the observed shifts. 

Experimental Section 
General.-Analyses were performed by the Bernhardt Mikro- 

analytisches Laboratorium, Elbach iiber Engleskirchen, West 
Germany, or Shionogi Research Laboratory. Routine infrared 
spectra were determined using Perkin-Elmer 137, 257, or 337 
spectrophotometers and were calibrated against appropriate 
polystyrene bands. Hydroxyl stretching frequencies were 
measured with a Perkin-Elmer 621 or a JASCO-DS-403G grating 
spectrophotometer. Nmr spectra were measured with Varian 
A-60, A56/60D, or A-60A instruments with tetramethylsilane 
as an internal standard. Assignments of hydroxy peaks in 
carbon tetrachloride solution were confirmed by shaking with 
D 2 0 .  Chemical shifts of hydroxyl protons in DMSO solution 
were determined using the published Melting 
points (capillary) and boiling points are not corrected. Mass 
spectra were obtained using a Perkin-Elmer Hitachi RMU instru- 
ment. Ultraviolet spectra were obtained with a Perkin-Elmer 
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202 spectrophotometer. Thin layer chromatography (tlc) was 
carried out on glass plates coated with silica gel with the solvents 
noted. Gas chromatography (glpc) was performed with a Varian 
Aerograph 9OP-3 or a Hitachi Perkin-Elmer F6-D instrument and 
the columns and temperatures specified. Analytical data of the 
arylcarbinols are summarized in Table IV. Near-infrared 
measurements were made with a Cary 14 spectrophotometer. 

Compd 
4 
5 
7 

9 
10 
11 
12 
13 
14 

a 

TABLE I V  
ANALYTICAL DATA FOR ARYl 

-Calcd, 5%- 
Formula Mol wt C H 

C13H200 192.30 8 1 . 2 0  10 .48  
Cl4H220 206.33  8 1 . 5 0  10 .75  
CisH?rO 220.36  8 1 . 7 6  10 .98  
CleH260 234.38  81 .99  1 1 . 1 8  
Cl?H?sO 248.41 8 2 . 2 0  1 1 . 3 6  
CiiHz802 264.39 7 7 . 2 2  10 .67  
CiaH3oOz 278.42  7 7 . 6 5  10 .86  
CieHnaClO 268.82 7 1 . 4 8  9 . 3 7  
ClrHzlC10 282.84  7 2 , 1 8  9 , 6 2  
Ci7HzaFsO 302.37 67 .52  8 . 3 3  

LCARBINOLS 

-Found, %- 
CI" C H C1 

8 0 . 7 3  10 .21  
8 0 . 8 8  10 .81  
82 .03  10 .86  
8 2 . 2 2  11 .17  
82 .27  11 .37  
7 6 . 9 9  10 .56  
7 7 . 3 9  10 .79  

13 .19  71 .49  9 . 4 0  13 .46  
1 2 . 5 4  7 2 . 3 0  9 . 5 5  12 .47  
1 8 . 8 5  67 .56  8 . 3 4  1 8 . 0 4  

(F)  ( F )  

tert-Butyl Phenyl Ketone (la).-Pivalyl chloride (106 g, 0.883 
mol) was placed in 200 ml of ether in a 1-1. three-neck flask, and 
phenylmagnesium bromide (350 ml of 3 M solution, 1.03 mol) in 
ether was added over 20 min with stirring and cooling in an ice 
bath. The solution was stirred for 6 hr while warming to room 
temperature, and then refluxed for 40 min. After work-up the 
infrared spectrum of the crude product revealed a ketone absorp- 
tion at 168.5 cm-I. and another band a t  1710 cm-1; so aqueous 
HCl was added and the solution was heated on the steam bath 
with rapid stirring for 5 hr. After work-up only the ketone 
absorption appeared in the ir; so the product was fractionally 
distilled through a 10-cm vacuum-jacketed column with a 
Nichrome spiral, giving 60.4 g (0.373 mol, 427,) of la ,  bp 99- 
108' (13 Torr), which wa8 96% pure by glpc (10 ft x '/E in. 20% 
DEGS on Chromosorb P, 165'). 

Phenyldi-tert-butylcarbinol (6). 3e-Phenyllithium (prepared 
from 0.127 mol of bromobenzene in ether) was added to di-tert- 
butyl ketone (18.1 g, 0.126 mol) in 100 ml of ether with stirring 
over 20 min at  a rate to maintain reflux. The solution was 
stirred for 3 hr and half the solution was removed, poured into 
water, extracted with ether, and dried, and the solvent was 
evaporated. Glpc examination (10 ft x 1 / ~  in. Carbowax 20M 
on Chromosorb P ,  195') of the product showed several short re- 
tention peaks, the major peak, and a long retention peak (equal 
to 10% of the major product) which had an identical retention 
time with 7.  

Distillation of the product failed to give pure material; so 6 was 
isolated by glpc (10 ft x 3/8 in. Carbowax 20M on Chromosorb 
W, 225"). The remaining half of the reaction product above 
was added to 100 ml of toluece, the ether was distilled away 
under a stream of nitrogen, and the toluene solution was refluxed 
overnight. The product was isolated and found to have the 
same composition as the first portion by glpc analysis, consistent 
with the relative stability of the lithium alkoxide.Se 
Phenylmethyl-tert-butylcarbinol (3)'aJa was obtained from the 

reaction of l a  with methyllithium in ether, bp 60-64' (0.25 Torr) 
[lit.la bp 128' (20 Torr)], and was purified by glpc (10 ft X 

Phenylethyl-tert-butylcarbinol (4) was obtained from the reac- 
tion of la  with ethyllithium in ether and purification of the 
product by glpc (10 ft X 3 / ~  in. Carbowax 20M on Chromosorb 
w, 225'). 

Phenylisopropyl-tert-butylcarbinol (5)  was obtained from la  
and isopropyllithium in pentane and was purified by glpc (10 
ft X 

Phenyl-tert-butylcarbinol (2) was prepared by NaBH4 reduc- 
tion of l a  followed by recrystallization from pentane a t  -10" 
and sublimation (120°, 25 Torr), mp 41.5-42.5' (lit.I4 mp 44- 
45'). 

tert-Butyl p-tert-butylphenyl ketone ( lb)  was prepared by the 

in. Carbowax 20M on Chromosorb W, 215'). 

in. Carbowax 20M on Chromosorb W, 220'). 

(12) B. B. Corson, H.  E. Tiefenthal, G. R .  Atwood, W. J. Heintaelman, 

(13) 5. Grimaud and A.  Laurent, Bull. SOC. Chim. Fr . ,  787 (1969). 
(14) 8. Winstein and B.  K.  Morse, J. Amer. Chern. Soc., 74, 1133 (1952). 

and W. L. Reilly, J. Org.  Chem., 21, 584 (1956). 
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reaction of tert-butylmagnesium chloride (0.35 mol) with p-tert- 
butylbenzoyl chloride (0.40 mol) in refluxing ether. After hy- 
drolysis and recovery of considerable acid the product was 
distilled to give a center cut of lb (6.86 g, 0.0314 mol, 9%): 
bp 84-87' (0.4 Torr) [lit.16 mp 103-106° (I Torr)] ; nmr (CCL) 
S 1.32 (9, sharp, 18, both tert-Bu), 7.1-7.8 (m, 4, aromatic); 
nmr (benzene) S 1.21 and 1.30 (each s, 9, tert-Bu), aromatic ob- 
scured. The higher boiling distillation fractions included a solid 
which could not be identified. 

p-tert-Butylphenyl-tert-butylcarbinol (7)  was obtained from 
the lithium aluminum hydride reduction of lb. After recrystal- 
lization from pentane at  -25' ,  7 was obtained as white prisms, 
mp 90-90.5". 

Preparation of Aryl-tert-butylneopentyl- and -dineopentyl- 
carbinols.-tert-ButylneopentyP and dineopentyl'? ketones were 
prepared by the methods of Whitmore. Phenyllithium was 
made from lithium metal and bromobenzene in ether and p- 
anisyllithium, p-chlorophenyllithium, and p-trifluoromethyl- 
phenyllithium from n-butyllithium and the corresponding 
bromide. To a solution of the ketone in ether was added a solu- 
tion of the aryllithium at about - 20' under nitrogen atmosphere 
with vigorous stirring. After standing for 3 hr, the mixture was 
poured into an ice-cold aqueous ammonium chloride solution 
and extracted with ether. The ether extract was washed with 

(15) D. E. Pearson, J .  Amer. Chem. Soc., 72, 4169 (1950). 
(16) F. C. Whitmore, J. S. Whitaker, W. 8. Mosher, 0. N. Breivik, W. R. 

Wheeler, C. 9. Miner, Jr., L. H. Sutherland, R.  B. Wagner, T .  W. Clapper, 
C. E. Lewis, A. R.  Lux, and A. H. Popkin, ib id . ,  68, 643 (1941). 

(17) F. C. Whitmore, C. D. Wilson, J. V. Capinjola, C. 0. Tongberg, 
G. H. Fleming, R.  V. McGrew, and J. N.  Cosby, ibid., 83,2035 (1941). 

water, dried over sodium sulfate, and evaporated to give an a-aryl- 
carbinol. Yields were satisfactory in the case of phenyl deriva- 
tives, those for the anisyl-, chlorophenyl-, and trifluoromethyl- 
phenyl compounds were not, and the carbinols were isolated from 
the reaction mixture by thin layer chromatography. All the 
carbinols thus obtained gave satisfactory analyses and ir and 
nmr spectra consistent with the structures: 8, bp 85' (2 mm), 
89% yield; 9, bp 94' ( 2  mm), 83%; 10, mp 77-78", 31%; 11, 
mp 63-64', 44y0; 12, mp 77-78.5", 40%; 13, mp 103-104", 
31%; for 14, mp 53-54', 4301,. 

Registry No.-la, 938-16-9; lb, 22583-66-0; 2, 
3835-64-1; 3, 21811-48-3; 4, 34235-13-7; 5,  34235- 
14-8; 6, 15656-90-3; 7, 34235-16-0; 8, 34235-17-1; 
9, 34235-18-2; 10, 34235-19-3; 11, 34235-20-6; 12, 
34235-21-7; 13, 34235-22-8; 14, 34235-23-9; 15, 
1989-25-9; DMSO, 67-68-5; Eu(DPhI)3, 15522-71-1. 
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The preparation of a series of highly substituted ferrocenylcarbinols FcCRR'OH (2-8) has been accomplished. 
The hydroxyl stretching frequencies of the alcohols in CC1, solution showed bands in the region 3560-3583 cm-l 
which were interpreted in terms of iron-bonded conformations, whereas bands at  3632 cm-I were assigned to 
nonbonded conformations. Derivatives of the tertiary ferrocenyl carbinols could not be prepared, but the re- 
activity of the carbinols with acid to form cations was determined. tert-Butylferrocenylcarbinyl acetate (10) 
was prepared and found to undergo hydrolysis a t  a rate 4900 times as slow as methylferrocenylcarbinyl acetate. 
The depressed reactivity of 10 was attributed to steric hindrance of resonance stabilization. 

The reactivity of a-arylcarbinols and their deriva- 
tives to  form carbonium ions has been a topic of inten- 
sive investigation, particularly t8he electronic effect of 
substituents on the stability of the positive ~ h a r g e . ~ , ~  
The stabilization by the ferrocenyl substituent is quite 
large14 but there has been considerable controversy as 

(1) Part  11: F. H. Hon, H. Matsumura, H. Tanida, and T. T .  Tidmell' 
J. Or#, Chem., 8'7, 1778 (1972). 

(2) (a) National Science Foundation Summer Undergraduate Research 
Participant, 1971. 

(3) (a) E. A. Hill, M. L. Gross, M. Stasiewioz, and M. Manion, J .  Amer. 
Chem. Soc., 91, 7381 (1969); (b) H. C. Brown and Y. Okamoto, ibid., 80, 
4979 (1958); (c) W. 8. Trahanovsky and D. K. Wells, ibid., 91, 5870, 5871 
(1969). 

(4) (a) E. A. Hill and J. H. Richards, ibid., 88, 3840, 4216 (1961); (b) 
D. W. Hall, E. A. Hill, and J. H. Richards, ibid., 90, 4972 (1968); ( 0 )  M. 
Cais, J. J.  Dannenberg, A. Eisenstadt, M. I .  Levenberg, and J. H. Richards, 
Tetrahedron Lett., 1695 (1986); (d) D. 5. Trifan and R. S. Bacskai, ibid., 
No. 13, 1 (1960); (e) G. Gokel, P. Hoffmann, H. Klusacek, D. Marquarding, 
E. Ruch, and I .  Ugi, Angew. Chem., Int. E d .  Engl., 9, 64 (1970); (f) M. 6. A. 
Habib and W. E. Watts, J .  Chem. Soc. C, 2552 (1970); (9) E.  A. Hill, J .  
Organometal. Chem., 24, 457 (1970); (h) T. T. Tidwell and T. G. Traylor, 
J .  Amer. Chem. Soc., 88, 3442 (1866); (i) T. G. Traylor and J. G. Ware, 
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(k) J. Feinberg and M. Rosenblum, i b i d . ,  91, 4324 (1989); (1) R . E .  Davis, 
H. D. Simpson, N. Grice, and R. Petit, i b i d . ,  98, 6688 (1971); (m) R. Gleiter 
and R. Seeger, Helu.  Chim. Acta, 64, 1217 (1971). 

(b) University of South Carolina. 

to whether the mode of stabilization by this group in- 
volves only hyperconjugative participation of bonding 
 electron^^^^^ or whether the nonbonding orbitals on iron 
are also significantly i n ~ o l v e d . ~ ~ - ~  The role of bulky 
substituents which prevent efficient overlap between the 
developing p orbital of the carbonium ion and the ?r 

system of the aromatic ring has also been examined in 
phenyl-substituted  compound^.^ 

The spectroscopic properties of a-ferrocenylcarbinols 
have also been instructive regarding configurations and 
conformations of these compounds, as investigated by 
infrared6"Ib and n m F  measurements. 

The present investigation was designed to elucidate 
the effect of very bulky substituents on the spectral 
properties and reactivity of a-ferrocenylcarbinols, and 
complements the investigation of the spectral proper- 

(5) (a) S. Winstein and B. K. Morse, J .  Amer. Chem. Soc., '74, 1183 (1852); 
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(1954); (e)  J. Grimaud and A. Laurent, Bull. SOC. Chim. Fr., 787 (1969). 
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