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Abstract —Reactions of 2-methyl-2-propanol, 2-methyl-2-butanol, 2-methyl-2-pentanol, 1-methyl-1-cyclo-
hexanol, and 1-ethyl-1-cyclohexanol with palladium(ll) tetraaqua complex in a perchloric acid medium give
carbonyl and aromatic compounds, as well as the corresponding palladallyl complexes. The complexes
were isolated from the reaction mixtures by way of formation of-Bigyridine complexes and characterized

by the elemental analyses aftl and 13C NMR spectra. The main direction of transformation of acyclic
alcohols is formation of complexes with no alkyl substituents at the central carbon atom of the allyl ligand;
with cyclic alcohols, exocyclic complexes are formed.

Earlier we studied reactions of 2-methyl-2-propanol 2-methyl-2-butanol was also isolated from the reaction
2-methyl-2-butanol, 2-methyl-2-pentanol, 1-methyl-1-mixture with use of 4,4di(tert-butyl)-2,2-bipyridine,
cyclohexanol, and 1-ethyl-1-cyclohexanol with thel,2-bis(diphenylphosphino)ethane, and 1,10-phenan-
palladium complex [Pd(5D),](CIO,), (1) in a per- throline (complexesllla-Ilic, respectively).
chloric acid medium [1,2]. Spectrophotometrically (by

absorbance ak,, 320 nm), it was found that the 4 3ri 4\32 4>3/mz\
reactions give palladiunx-allyl complexes in yields 5>/|\1 5>/r|\\1 s/ | *
varying from 41 to 100%, depending on the reaction Pd" pd* Pd*

conditions and the structure of the alcohol. The yield "¢ - P {7 7 =N N=
of the complexes is substantially increased by iron(lll)’ " Ph7 -/ “Ph 8<\ /56 1 \ />14
ions. The palladium=r-allyl complexes formed by s g

2-methyl-2-propanol and 2-methyl-2-butanol were 1 ' 91 16 15
isolated from the reaction mixtures by treatment with 12 12 17

2,2-bipyridine and characterized B4 and*C NMR llla b lic
spectroscopy. It was proposed that the syntheses

involve intermediate formation of olefins. The reaction between 2-methyl-2-pentanol and
To elucidate the path of reaction of tertiary al-complex | gave palladium=z-allyl complex V.
cohols with complex, we should determine the struc-

ture of both the palladiunt-allyl complexes and the >/m\/
organic products forming in the course of the reaction. F|>d+

The reaction of complex with 2-methyl-2-pro- PR
panol resulted in isolation of complei, while the 3N LN
reaction with 2-methyl-2-butanol gave a mixture of 4©U4,
isomers il and IV (5:1). T 675

)m\ >/m\ )m\/ v

It follows from the above results that the dominat-

1 N 3 3 1 N 3 3 1 1T N . i_ng reaction direction_ with aliphatic alcqhols is formg-

O_O tion of w-allyl palladium complexes with no substi-

B 66 X 4 N 66 ~x 4 AN A6 tuents at the central carbon atom of the allyl ligand.
This feature dlstlngwsh the synthesisrptallyl com-

plexes we propose in the present work from those
The n-allyl palladium complex obtained from described earlier [3].
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The reactions of complek with 1-methyl-1-cyclo- other conditions the yields of these complexes were
hexanol and 1-ethyl-1-cyclohexanol resulted in isolalow. The palladium complexes were isolated from

tion of compoundsVIl and VII, respectively. their mixtures with [Fe(bipy)®* by repeated repreci-
pitation, so there is a possibility that the identified
1103 13 14 complexes are those formed in the highest vyield.
10N _A2 AR Accumulation of iron(lll) ions in the solution is the
o7 7 result of the catalytic reaction of tertiary alcohols with
/Pd+\ 1 1°/Pd+\ complex | in the presence of iron(lll) ions.
3 N LN 3 3 N LN 3 L
OU OU To test the proposal, based on the results of kinetic
A IR investigations [1, 2], that the reactions of tertiary
5 S 5 5 alcohols with complex!, yielding palladium=-allyl
VI \I complexes, involve intermediate formation of olefins,

we reacted the corresponding olefins with complex

The reactions of 2-methyl-2-butanol, 2-methyl-2-The resultingz-allyl complexes were isolated from
pentanol, and cyclic alcohols with 3palladium tetraaquahe reaction mixtures by treatment with 2t2pyridine.
complex can conceivably providg®-allyl complexes Analysis of the NMR spectra showed that the struc-
isomeric to compound¥-VIl. No such complexes ture of these complexes is identical to that of com-
were found in the present study, but their presencpounds Il -VI isolated in the reactions of palla-
cannot be ruled out. The palladiumallyl complexes dium(ll) tetraaqua complex with tertiary alcohols.
obtained from 2-methyl-2-pentanol, 1-methyl-1-cyclo-The reaction times and yields of teallyl palladium
hexanol, and 1-ethyl-1-cyclohehanol were isolated bgomplexes obtained by the reactions of olefins with
treatment with 2 2bipyridine (bipy) after the reac- complexl (Cg 0.1,CPg+5.5x10° andCci, 0.6 M;
tions in the presence of iron(lll) ions, because unde(°C) are given below.

Olefin 2-Methyl-2-butene 2-Methyl-2-pentene 1-Methyl-1-cyclohexene
Reaction time, min 30 15 10
Yield, % 90 56 15

Reaction conditions and yields of palladium-allyl complexes. The increased reaction rate is due to the
complexes obtained by the reactions of tertiary alcoholfack of the slow stage of alcohol dehydration. The

with palladium(li) tetraaqua comple;3, 0.1,CR¢+5.5x  yields of the complexes increases with increasing

107, and Cpcio, 0.6 M substrate concentration. These facts are evidence in
favor of the proposed intermediate formation of

olefins.

Alcohol T, °C | Reaction | Yield,
time, min %

It is significant that the reactivity order of olefins

2-Methyl-2-propanol 55 180 57 toward palladium(ll) tetraaqua complex is opposite to
2-Methyl-2-butanol 45 100 51 the trends in variation of their reaction rates with
palladium(ll) chloride or acetate along the homolo-

2-Methyl-2-pentanol 40 40 17 gous series of olefins. The rates of the latter reactions

1-Methyl-1-cyclohexanol 35 80 — drop with increasing olefin hydrocarbon chain length,

1-Ethyl-1-cyclohexandl 35 80 1 especially as concerns olefins with an internal double
bond [6, 7].

8 Cyc 0.05 M.

Thus, on the basis of the present results and pub-

The results obtained for the reactions of tertianfished data, the scheme of formation of palladium
alcohols with palladium(ll) tetraaqua complex arerw-allyl complexes from tertiary alcohols, with the
given in the table. As seen, the reactions of complex reaction of compleX with 2-methyl-2-butanol as an

with olefins give higher yields of palladium-allyl  example, can be presented by the following scheme.
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CHs CHs w-olefin complex does not rearrange to a tertiary
| H' | carbenium ion, probably, because of the high rate of
CHs-C-CHz-CH3 & CH3-C=CH-CHg the n—o rearrangement. It is also known [6] that the
OH H20 lpd2+ principal role in formation of olefinz-complexes
belongs to the doneacceptor metakubstrate bond
(|:H3 which induces effective positive charges on the carbon
= atoms of the double bond and, consequently, on
CHs CP;:ZT_CH3 groups adjacent to the double bond. Therefore, the
nucleophilic molecule of water can abstract proton
'I' ,//I '\\. ']' from the methyl group either at a tertiary (inter-
H-O O-H mediate compound/Ill ) or at a secondary carbon
H CHs CHs H atom (intermediate compouni ). In th_e first case,
I | | n-allyl complexX can be formed, while in the second,
H-C-CFCH-CHs CHa-CFCH-C-H z-allyl complex XI. However, since the £€and C
H PE* PPt H carbon atoms in 2-methyl-2-butene bear different

electron densities, on account of the inductive effect

Vil IX of the methyl groups, methyl protons af than at G.
_H30+l l_HSG As a result, the major product of the reaction between
2-methyl-2-butanol and palladium(ll) tetraaqua

(|3H3 HsC - complex will be complexXI.
/(Cw\CH—CH Cc”” M NCH, The formation ofr-allyl complexesVI and VI
CH, | 3 | . . :
Pd / Pd from the corresponding palladium complexes with

N H3C o 1-methyl-1-cyclohexene or 1-ethyl-1-cyclohexene as

ligands, involves methyl proton cleavage. Here,

Acid-catalyzed dehydration of an alcohol gives theProbably, steric factors play a decisive role in the
correposonding alkene which then fastly reacts pallanechanism of complex formation.
dium(ll) tetraaqua complex. It is known that the initial  The reactions of tertiary alcohols with palla-
product of reaction of an alkene with a palladium saliyjym(1y tetraaqua complex provide, along with palla-
is a n-olefin complex [8, 9]. Then the reaction may giym r-allyl complexes, various carbonyl compounds.
proceed by several paths. Theolefin complex can Thejr yields vary from 4 to 14% (per taken palladium)
convert either to ac-allyl complex or to a saturated ang increase up to 20% when the reactions are carried
carbonyl compound. When direct oxidation of alkeney 1 in the presence of iron(lll) ions. With cyclic

double bonds is hindered by steric reasons, i.e. iBiconols, aromatic compounds are formed in 50%
reactions of palladium(ll) compounds with branchec&,iems (per converted alcohol).

olefins, palladiumr-allyl complexes are formed faster
than carbonyl compounds by oxidation afolefin Among products of the reaction of 2-methyl-2-
complexes [10]. propanol with complexl by means of GSMS we

It is suggested [4] that-olefin complexes undergo found, along with 2-methyl-2-propene, 2-methylpro-
-G rearrangement to give-bonded organopalladium panal in/z72 (9), 43 (100), 41 (84), 27 (64), 15 (9)],
compounds whose subsequent transformations resaitd the'H NMR spectrum of an aqueous reaction
in predominant formation of complexes lik& con- solution revealed the presence of 2-methyl-2-propenal,
taining a methyl substituent at the central carbon ator, ppm: 6.13 s (1H, H), 5.85 s (1H, H), 1.41 s (3H,
of the allyl ligand. However, in reactions betweenCHjs), 9.08 s (1H, COH. The overall reaction scheme
branched olefins and complex, the palladium is as follows.

+

4(CH3)3COHP—d2> [(n3-CH,C(CHy)CH,)Pd]" + CHyC(CHz)COH + CH,=C(CH)COH + CH,=C(CHy)CH,. (1)
-2H,0

The reaction of 2-methyl-2-butanol with palla- 86 (14), 71 (4), 59 (4), 43 (100), 39 (9), 27 (9), 15
dium(ll) tetraqua complex yields, along with palla-(4)] (scheme 2).
dium =-allyl complexes and the corresponding olefins,
2-methylbutenal /z 86 (12), 57 (76), 41 (100), 39  In the reaction of 2-methyl-2-pentanol with com-
(48), 27 (69), 15 (7)] and 3-methyl-2-butanoma/g  plex | we could detect no other products than
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O
2Pd* o)
S%TW )\@d,r +>/qI;\d+ +>4\ +>)\ + \)\<H 2

2-methyl-2-penteneni/z84 (31), 69 (91), 55 (13), 41 respectively.
(100), 7 (22), 15 (7)]. In the reaction with 1-methyl-1- , . . .
cyclohexanol we detected, along with the corresponqétThe reactions of cyclic alcohols with palladium(ll)

) . raaqua complex in the presence of Fe(lll) give,
'(g? %Igﬂ?lsé)mg;hy(/lz%inzz%n?*i{g 9;’ 4(%)]91w(hlilcr)30)i’n 8,[%] e along with the above products, a number of ketones.

reaction with 1-ethyl-1-cyclohexanol, ethylbenzener\?g[(gnol'methyl'1'CyC|°hexan0|’ 2-methyl-1-cyclo-

ne iz 112 (60), 97 (10), 84 (36), 68 (100),
E;‘;’Z ;gﬁ(gf)' 91 (100), 77 (7), 65 (9), 51 (12), 39 55" ggy 41m(£§6), 39((63)), 28 ((48)), 15 ((6)],) 3-me(thyl-)1-

cyclohexanoner/z 112 (31), 97 (11), 69 (100), 56

The amounts of carbonyl compounds formed in th€42), 41 (46), 28 (46), 18 (8)], and 4-methyl-1-cyclo-

systems comprising palladium(ll) and 1-methyl-1-hexanoner/z112 (33), 105 (6), 83 (24), 69 (16), 55

cyclohexanol or 1-ethyl-1-cyclohexanol, found with (100), 41 (53), 39 (33), 28 (29), 15 (6)] are formed
use of 2,4-dinitrophenylhydrazine, were 7 and 14%]|scheme (3)].

d2+, e3+ O
s O O OO Qo
o
O

In the reaction of 1-ethyl-1-cyclohexanol [scheme3-ethyl-1-cyclohexanonenj/z 126 (29), 97 (53), 83
(4)] the following products were found: 2-ethyl-1- (65), 70 (24), 55 (94), 41 (100), 27 (69)], and 4-ethyl-
cyclohexanone i/z 126 (25), 111 (10), 99 (6), 83 1-cyclohexanonenj/z 126 (6), 97 (37), 69 (25), 55
(42), 71 (21), 67 (21), 55 (92), 43 (100), 27 (42)],(100), 41 (67), 27 (58)].

— Pd2+,F3+ O
oLt dorRsNoNo ool
o

The saturated carbonyl compounds all are probablgolvents were used as internal references. The forma-
formed by oxidation of the corresponding olefintion of palladium =-allyl complexes was monitored
n-complexes, and 2-methyl-2-pronenal, by oxidatiorspectrophotometrically on an SF-56 instrument by the
of palladiumn3-methallyl complexll. In the course absorbance ah,,, 320 nm. Elemental analysis of
of formation of carbonyl compounds from cyclic precipitatedz-allyl palladium complexes was made
alcohols, precipitation of palladium metal is observedpn CHNS-932 and Vario EL instruments.
which is likely to catalyze aromatization of cyclic
olefins [11].

All reactions were carried out in a temperature-
controlled bubble reactor equipped with a sampler.

EXPERIMENTAL Complex| was prepared by the procedure in [2].
2-Methyl-2-propanol and 2-methyl-2-pentanol were

The *H and ¥*C NMR spectra were recorded on aof chemically pure grade. 2-Methyl-2-butanol was
Varian VXR-400 spectrometer. Residual signals oprepared by the procedure in [13], and 1-methylcyclo-
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hexanol and 1-ethylcyclohexanol, by the procedure in  Complexlil . *H NMR spectrum (400 MHz, acetone-
[14]. The concentration of perchloric acid in theds), 6, ppm: 2.3 s (3H, CH), 3.5 s (2H, H,;»), 4.3 s
starting solution of complek was found by acicbase (2H, H,), 7.3-8.9 m (8H, bipy).13C NMR spectrum
titration. The concentration of palladium(ll) in reac- (acetoneds), 6., ppm: 23.7 (CH), 62.1 (2CH), 137.8

tion mixtures was determined spectrophotometricall)(c), 156.1 (&), 124.7 (&), 142.2 (&), 128.9 (O),
by the absorbance of the palladiutim complex ¢.,.x  155.6 (®). Found, %: C 40.32; H 3.80; N 6.69.
635 nm) [15], and the concentration of palladium inC14H15N2Pd' Calculated, %: C 40.31: H 3.63; N 6.72.
n-allyl complexes was found from the difference of 1
the concentrations of palladium(ll) determined with _ Complex Il "H NMR spectrum (400 MHz,
and without aqua regia added to the sample to b&D:Clo). 8, ppm 0, Hz): 1.39 s (32’ C@mtzi)' 176 s
analyzed. The optical densities was measured on d8H. CHBsilr)' 3.7 d.d (1H, Hyy, *J 13, 9 1.17),
FEK-56 photoelectrocolorimeter. In all cases, pallag.l d-d (IH, Hy, "J 7.6, °J 1.17), 5.55 d.d (1H,
dium metal was removed from the solution by JnHani 13, “Jnhsyn 7-6), 7.6-8.9 m (8H, bipy).C
centrifuging. NMR spectrum (CDQCl,), 8¢, ppm: 22 (CH,,,;), 25.8
Palladium =-allyl complexes were synthesized at(CH3syr)ég8'5 (CH), 91.8éC), 113.6 (CH), 16545'5'
the following initial concentrations of the reactants,154'6 (C), 12@’5 123.9 (€%, 141'656141'4 €9,
M: palladium(ll) tetraaqua complex 5.0, alcohol 128.4, 128.2 (C°), 150.2, 154.8 (C°).
0.1 (the concentration of 1-ethyl-1-cyclohexanol was Complex IV. H NMR spectrum (400 MHz,
0.05 M because of its poor solubility in water), andacetonedy), 5, ppm @, Hz): 3.4 s (1H, H,,), 4.25 s
perchloric acid 0.5. The reaction with 2-methyl-2-(1H, H, ), 2.24 s (3H, CH..), 4.13 q (1H, H,%J
propanol was carried out at 85 for 3 h, and with 6.25), 1.65 d (3H, CH 3J 6.25), 7.89.2 m (8H,
2-methyl-2-butanol, at #& for 2 h. Palladiunr-allyl  bipy). 2*C NMR spectrum (acetongy), 5., ppm: 73.1
complexes based on other tertiary alcohols wer¢CH), 78.5 (C), 62.5 (Ck), 14.1 (CHgpy, 19.1
isolated after reactions in the presence of Fe(lll\CH,). Found, %: C 41.82; H 4.21; N 6.38.,§1,+-
ions under the following conditions [concentration ofN,Pd (mixture of isomergll and1V). Calculated, %:
ferric sulfate (M), temperature‘;((:), reaction time C 41.78; H 3.97; N 6.50.
(min)]: 2-methyl-2-pentanol £107, 40, 80; 1-methyl- 1
1-cyclohexanol 5102, 35, 240; and 1-ethyl-1-cyclo- __Complex Illa. “H NMR spectrum (400 MHz,
hexanol 51072 35, 220, CDCL,), &, ppm @, Hz): 3.64 d.d (1H, H;, 3J 13.1,

. _ 2 1.16), 4.17 d.d (1H, §,, %1 7.7,211.27), 5.45 d.d

P_aIIadlum n-a'llyl_ cc_)mplexes were |_solate_d by (1H, H, 3‘]H1 ) 7'7’3‘]H1 213.3), 1.72 s (3H, Cf%),
adding excess 2;Dipyridine to the reaction mixture syrf! anti 212
after reaction completion. The white precipitates oft-34 S (3H, CH), 1.44,1.42 s (29H, CH*'?), 7.6-
2-methyl-2-propanol and 2-methyl-2-butanol com-8:8 M (6H, bipy).~“C NMR spectrum (CDG), 3,
plexes were filtered off, washed with water and di-PPM: 58.2 ©), 112-86(6)’ 90.3 (C), 25-67(6), 21.8
ethyl ether to remove excess precipitant, and dried iKC), 154, 155.1 (€9), 1195, 119.7 (€7), 125.1,
vacuo. The complexes of other tertiary alcohols, obd22:2 (C9), 165.6, 165.9 (&%), 1495, 1545
tained in the presence of iron(lll) ions, were isolatedC %, 30.2 (C*%).
from the rea+ction mixtures containing red precipitates Complex Illb . 'H NMR spectrum (400 MHz,
of Fe(bipy§" and white precipitates of palladium DMF'dE)’ 8, ppm: 3.5 (1H, H,), 4.6 broad signal

n-allyl complexes by repeated reprecipitation from(1H, HI,), 5.8 t (1H, H), 1.9 m (3H, Cl—i), 1.1 m
methylene chloride solutions with diethyl ether. The 7

31
procedure is based on different solubilities of thesé\?ﬂhikge)’ct?fmr?[)(ﬁﬂ%C)(?)é?'?”Srﬁ (Tﬁzz?H%'_g (F;;D
complexes in the system useg>{allyl complexes P 7): Op PPM &, CUT ’

precipiate first). 51.9 (P, "3 33.9).13C NMR spectrum (DMFd,), &,

ppm: 62.2 m (@), 116.6 t (C), 108.5 d &), 26.8d

Organic reaction products were isolated by extraclC?), 20.2 d (C), 28.4, 28.7 d (€°).

tion from 25 ml of the reaction mixture with 1 ml of Complex llic IH NMR spectrum (400 MHz
dodecane or pentane and then analyzed by-NEE& DMF-d.), § pprﬁ Hz): 4.03 d (1H "i 3113.1) ’
on a HewlettPackard MSD-5972 system (stationary, d7(,1H’ H 57 7') 584 dd lentliZl 33 0
phase DB-5MS). T, oSym o ' ’ HHsyn
7.7,% e 13.1, H), 1.94 s (3H, CH), 1.53 s (3H,

Analysis of the reaction products was carried ouCH3), 8.2-9.6 m (8H, C>11.131519 13c NMR spec-
at the laboratory of Prof. Steinborn (Martin-Luther-trum (DMF-d,), 5., ppm: 59.3 (&), 114.2 (&), 92.2
University, Halle, Germany) (C3), 25.6 (), 21.7 (©), 155.6 (C*3), 140.9 (C'1),
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128.5 (&1, 131.2 (C1Y, 134.2 (G°19, 1311
(C11'17).

Complex V. H NMR spectrum (400 MHz, ace-
tonedg), 5, ppm @, Hz): 1.4 s (3H, CH,,;»), 1.65 d
(3H, CH,, %1 6.1), 1.76 s (3H, Chi,,), 4.55 d.q (1H,
H, 33y 6.1,33,, 12.2), 5.49 d (1H, K., 2J 12.2),
7.9-8.9 m (8H, bipy).13C MMR spectrum (acetone-
de), 8¢, PPM: 17.2 (CHyng), 22.7 (CHygy), 26.0
(CH,), 72.4 (CH), 89.5 (C), 113.6 (CH,,), 154.9,
155.0 (G'1), 123.9 (G?®), 141.4, 141.5 (&%), 128.1,
128.3 (C®), 150.2, 151.6 (E€°). Found, %: C 43.19;
H 4.52; N 6.23. GgH,N,Pd. Calculated, %: C 43.16;
H 4.30; N 6.29.

ComplexV. 'H NMR spectrum (400 MHz, CDG),
8, ppm: 3.28 s (1H, H,y), 3.88 s (1H, H,), 4.38 m
(1H, H%, 0.9-2.8 m (8H, H*'3, 7.6-9.0 m (8H,
bipy). 2*C NMR spectrum (CDG), 5., ppm: 59.7
(C), 91.2 (&), 107.8 (©), 19.7 (39, 28.1 (CY,
35.6 (9, 23.9 (&3, 154.1, 154.8 (&), 1238,
124.0 (&%), 141.0, 141.2 (&%), 127.8, 127.9 (€5),
149.8, 153.4 (&%).

Complex VI. *H NMR spectrum (400 MHz,
CD,Cl,), 8, ppm @, Hz): 1.26-2.18 m (10H, 5CH),
3.8 d.d (1H, H,y 33 13.2,2) 1.14), 4.17 d.d (1H,
Hin %37.7,21.14), 5.5 d.q (1H, B 3300 132,
®Jhpisyn 7-7), 7.6— 9.1 m (8H, bipy)."*C NMR spec-
trum (CD,Cl,), 8., ppm: 60.3 (C), 112.7 (&), 101.7
(CY), 34.2 (@Y, 31.7 (BY), 27.8 (C?), 32.6 (CJ),
39.0 (C%, 156.1, 155.1 (&), 124.4, 124.6 (&3),

141.9, 142.2 (¢%), 128.7, 128.8 (&), 150.8, 155.2
(C5%). Found, %: C 45.92; H 4.51; N 5.88.,H,-
N,Pd. Calculated, %: C 45.88; H 4.49; N 5.94.
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