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Abstract: The transformations of stable propellanes 3,6-dehydrohomoadamantane (1) and 1,5-
dehvdrobicyclo[3.3.1]nonane (2) on treatment with chromyl oxidants in different solvents were
studied. Hvdrocarbon 1 with CrO,Cl, in nonpolar solvents forms 3,6-dichloro- (3) and 3-
chloro-6-hvdroxy- (4) homoadamantanes in the course of backside oxidative addition to the
strained C-C bond and 3-oxobicyclo[3.3.1]nonane-7-spirocyclopropane (5) as a result of
the oxidative cvclobutane ring contraction. CrQ,(0OAc)/Ac;0 and CrO,(OCOCF;),/(CF:C0),0
result only in oxidative addition with the formation of the mixtures of the corresponding 6-
hvdroxy-3-acetates (7,9) and 3,6-diacetates (6,8). In the case of 2 the only oxidative addition
takes place. Possible mechanisms of the backside oxidative addition to the C-C bond are
discussed. © 1997, Elsevier Science Ltd. All rights reserved.

The activation and functionalization of hydrocarbons by metal oxo species is a subject of both synthetic
and mechanistic studies' The reactivity of alkane C-H bonds with Co(III), Mn(VII), Fe(IV) and Cr(VD-
containing reagents has been examined by many ** The synthetic utility of these processes in chemistry of
alkanes is limited because of low selectivity and complexity of these reactions. A general mechanistic picture
of these transformations is also understood not well enough,; recent mechanistic studies have been applicable to
the reaction of CrO,Cl, with different hydrocarbons.® The reagent was suggested to act as H-abstractor at the
rate-limiting step with an alkyl radical and HOCrOCl, formation. The abstraction step of these reactions is
still dimmed because one is unable to identify the nature of the leaving group. In order to gain additional
information on the mechanisms of alkane activation by Cr(VI)-reagents, well-understood model systems should
be used It was previously shown that some propellanes’ could be used as relevant models for studying the
mechanisms of alkane activation by stable electrophiles. We have recently Chart 1
reported’ a detailed study on the backside oxidation of the propellanic Gc.c-
bond by NO, -containing reagents. In the present paper we will discuss the
reactivity of some propellanes viz. 3,6-dehydrohomoadamantane (1) and 1,5-
dehydrobicyclo[3.3.1]nonane (2) (Chart 1) towards low-electrophilic chromyl 1 2
oxidants {CrO,Cl;, CrOx(OAc); and CrO,(OCOCF;),’} in different media. In
accordance with the data obtained earlier,”’ hydrocarbons 1 and 2 add various reagents without the
rearrangement of the cage structure, and their choice as model compounds for the target study seems to be
most promising.

Table summarizes GC/MS data for typical experiments on hydrocarbon 1 interacting with Cr(VI)-
reagents. The reaction of 1 with 2.5 equivalents of CrQ,Cl, in nonpolar solvents (exp. 1 and exp. 2) is accom-
panied by the formation of a dark green solution and brown precipitate. After the quenching of the reaction
mixture with saturated NaHSO; followed by a standard workup,’ reaction products 3,4 and, surprisingly,® 5
were separated by column chromatography with good preparative yields. Ketone 5 does form the complex
with a reduced chromium reagent (Etard complex™) in the course of the reaction. On separate workup of the
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liquid phase and precipitate, compounds 3 and 4 were separated from the former (preparative yields of 33%
and 20%, respectively) and ketone 5 was obtained only from the latter (25% yield). The structure of the Etard
complex of 5 is of special interest’ and its separation and titration according to a procedure®™ show the
+4.5(0.2) oxidation state™ of chromium (for a possible structure of the complex, see®™ and below).

The same situation holds for the reaction of 1 with CrOy(OAc)/CCly (exp. 3) and
CrO,(OCOCF;)/CCls (exp. 5). Under the same conditions (2.5 molar excess of the reagent, O°C, 0.5 h)
compounds 5-9'° were formed with good preparative yields. In contrast with the transformations in weakly
nucleophilic solvents, in the reaction with CrO;(OAc)/Ac,O and CrOx(OCOCF;)/(CF;CO),0 ketone 5 is
formed only in trace amounts (exp. 4 and exp. 6).

Table. Distribution of product in the reaction of 3,6-dehydrohomoadamantane (1 ) with
Cr(VI)-reagents (GC/MS data).

Y OH
Exp Reagent Solvent
# _0
X X
1 | CrOClL, CCl, 3, X=Y=CI (39%) 4, X=C1(25%) 5(28%)
2 | CrOCl, n-CsH;; 3, X=Y=Cl (40%) 4, X=Cl (25%) 5(27%)
3 | CrOx(OAc), CCl, 6, X=Y=0Ac (15%) 7, X=0Ac (45%) 5(35%)
4 | CrOx(0Ac), Ac0 6, X=Y=0Ac (47%) 7, X=0Ac (43%) 5(3%)
5 | CrOx(OCOCFs;), | CCl, 8, X=Y= 0QCOCF;(17%) | 9, X= OCOCF; (42%) |5 (34%)
6 | CrOy(OCOCF;), | (CF;C0),0 | 8, X=Y= OCOCF;(85%) | 9, X= OCOCF; (5%) |5(3%)
7 | CrOClL, CBrCl, 3, X=Y=CI (31%) 4, X=Cl (20%) 5(19%)
10, X=Cl, Y=Br (16%) 11, X=Br (3%)

Thus, we can consider that the transformation of 1 on treatment with Cr(VI)-reagents (addition of two

nucleophiles to the Gc.c -bond) has important common features with the reaction of 1 with N02+-containing
reagents.” Moreover, the formation of compounds 3,6 and 8 can be explained only within the frame of the
CET-mechanism proposed earlier for the oxidation of 1. The electrophilic way of the reaction can be excluded
because of an extremely high stability of 1 towards electrophiles®™ and low electrophilicity of the reagents.""
Besides, the electrophilic pathway cannot explain the formation of ketone 5, formed parallel with 3 and 4

(monitoring the reaction by GC/MS). The free-radical chlorination of the C-C bond by CI', formed as a result
of Cr0O,Cl, homolysis, also seemed unfavorable because of independence of reaction rates and the product
distribution on light irradiation and in the presence of peroxide initiators or Hg as the Cl, capturer.'

Additionally the starting compound 1 was shown to be stable towards t-BuOO" in the model reaction of oxo
chromyl radical activation'® even on heating in CCls. The series of the products can be rationalized on the basis

of one-electron backside oxidative addition (Scheme 1) with the cleavage of the Gcc-bond and the formation
of the cation radical A which may further undergo ion-pair or radical-pair collapse. In nonpolar solvents the
ion collapse of A with the formation of radicals B and C is more probable than the radical one. The product
selection at the level of A transformation was confirmed using CBrCl; as an efficient free radical trapping
agent."* A partial trapping of B and C by CBrCl; leads to the formation of substantial amounts of bromide 10
and only trace amounts of alcohol 11 (exp. 7). At the same time 3/4 ratio in this experiment remained
unchanged in comparison with the data of exp. 1. The fact that 10 is the main product in radical trapping
experiment might be concerted with B formation as a common intermediate on the way to 3 and 4. In addition,
the product distributions were examined in depending on the initial excess of CrO,Cl,. With increasing the
excess of the reagent over the range of 1 to 10 eqv., the ratio of 3/4 remains unchanged {1.55(20.05)} and the
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relative amounts of 5 in the reaction mixture decreased. These observation may be a manifestation of B
interaction with CrO,Cl; at the final step of the reaction.
Scheme 1

1.Cr0,X, 3+4,X=Cl

2 ——————% 6+7,X=0Ac
-Cr0,X X 1.CB
o z B LLCBrCh  ox=c1

| GOz, @ X 2. [H], H,0
———— -
[T7 |07 ~x .
A X X .',.CrOX2
L ~el —- L7 mo,
0" Mo

In contrast with the reactions in CCl, and n-pentane the second step of the reaction in the nucleophilic solvents
(exp. 4 and exp. 6) consists in the trapping of A by a side nucleophile’ (Scheme 2) and that explains why in
these cases S is formed only in trace amounts.

Scheme 2
ACzO or b
Cr0,X, X 0 (CF;C0),0 1.Cr0,X, 6+7,X=0Ac
1 —_—— _:C( —_— > ar
[I7 107 >x  -C05% OAc 2.HLHO g9 ¥ 0cOCE,

A B (or OCOCF;)

It should be noted that the formation of the radical C can also occur by a direct backside attack of CrO.X, on
the strained C-C bond as it was previously suggested for small-ring propellane reactions with radical reagents.*
But this reaction pathway omits the formation of compounds 3,6 and 8 which are the main reaction products

and such mechanism seems less probable, moreover 1 is stable towards the radical reagent (t-BuOQO") attack
(see above).

We have also carried out similar experimental studies on the reaction of hydrocarbon 2 with chromyl
reagents. In these reactions 2 gives a series of products that can be rationalized on the basis of oxidative
cleavage of the Gcc-bond, i.e. the case of 2 is similar to that of 1. The only difference is the absence of
ketones among the reaction products in the case of 2 interacting with CrO,Cl; (Scheme 3) where 12 and 13
are formed'” with high preparative yields.

Scheme 3
Cl OH
1. CI'O2C12 +
—_—
2. H0 Cl Cl
2 12,27% 13,65%

One can conclude that the backside oxidative addition of Cr(VI) reagents proves to be a general
reaction of stable propellanes. The application of our model substrates revealed a new route of the
nonelectrophilic Ge.c-bond activation. It is impossible to say at this stage how well the oxidative addition of
such reagents will perform for other alkane systems with the reactive Gc.c bond. It should be pointed out that
the conclusions drawn from this work are mainly based on the synthetic data and a more detailed mechanistic
study of these transformations will be reported elsewhere.
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