
Tetrahedron Letters 47 (2006) 2607–2610
Highly substituted cyclohexanes: strong proximity effects
influence synthetic access to 1,3,5-tris(bromomethyl)-
1,3,5-trialkylcyclohexanes (alkyl = methyl, n-propyl)

Andreas Hofmann,a Rui Ren,a Alan Loughb and Ulrich Fekla,*

aUniversity of Toronto, UTM, Mississauga, Ontario, Canada L5L 1C6
bUniversity of Toronto, X-ray Facility, 80 St. George Street, Toronto, Ontario, Canada M5S 3H6

Received 23 December 2005; revised 2 February 2006; accepted 6 February 2006
Available online 24 February 2006
Abstract—1,3,5-Tris(bromomethyl)-1,3,5-trialkylcyclohexanes (alkyl = methyl, n-propyl) were prepared. These are the first exam-
ples of 1,3,5-tris(halomethyl)-1,3,5-trialkylcyclohexanes. One synthetic method directly converted the corresponding triols with
PPh3Br2, where an excess of the bromination reagent and high temperature (175 �C) were required. Stoichiometric use of PPh3Br2

under mild conditions, successfully employed for the synthesis of the parent tris(bromomethyl)cyclohexane, did not lead to the
desired tribromides but rather to cyclic ethers. Proximity effects triggered by the 1,3,5-alkyl groups strongly influence the reactivity
of such highly substituted cyclohexanes. An alternative synthetic access to the tris(bromomethyl) compounds was also developed,
using 1,3,5-tris(triflatomethyl)-1,3,5-trialkylcyclohexanes (triflato = F3CSO3) as synthetic intermediates. An X-ray crystal structure
of 1,3,5-tris(bromomethyl)-1,3,5-trimethylcyclohexane was obtained.
� 2006 Elsevier Ltd. All rights reserved.
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1,3,5-Trisubstituted cyclohexanes have proven tremen-
dously useful as scaffolds for the preparation of complex
molecular architectures, such as clefts for molecular
recognition,1 dendrimers,2 and polycyclic cages.1a,3 The
formation of cage-type structures typically involves that
a linker bridges substituents in axial position of the
cyclohexane ring. For this purpose, trifunctional cyclo-
hexanes bearing additional alkyl substituents at the
1,3,5-carbons are particularly useful: cis,cis-1,3,5-tri-
methylcyclohexane-1,3,5-tricarboxylic acid (‘Kemp’s
triacid’)4 is probably the best-known example for such
1,3,5-trifunctional 1,3,5-trialkylcyclohexanes. These
alkyl-substituted derivatives undergo reactions leading
to cage-type structures generally more easily than the
parent compounds,3a,c,e where the bonds leading to
closure of the cage might be covalent bonds,3c metal–
ligand interactions,3e or hydrogen bonds.3a This can
reasonably be attributed to the effect the alkyls exert
on conformational equilibria.3a,c,e Conformations
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involving axial functional groups, generally disfavored
for an unsubstituted system (Scheme 1A), might become
more favored with the help of 1,3,5-alkyls (Scheme 1B),
such that the functional groups (X) are forced into
closer proximity. While this effect is often desirable, it
regularly makes synthetic procedures rather challenging.
For example, cis,cis-1,3,5-triaminocyclohexane has been
known since 1957, but the synthesis of cis,cis-1,3,5-tri-
methylcyclohexane-1,3,5-triamine was reported only in
2002, and complications due to an unusually stable
intramolecular acid anhydride were encountered during
its synthesis.3a
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We are interested in cyclohexane-based alkyl trihalides.
1,3,5-tris(halomethyl)cyclohexanes are important inter-
mediates for the synthesis of cage-type compounds.
For example, 1,3,5-tris(bromomethyl)cyclohexane was
recently used to prepare a rare example of a tris-Grig-
nard reagent (compound 3-H in Scheme 2), useful for
the synthesis of silaadamantane cages.3f,g Given the
usefulness of alkyl halides as synthetic intermediates, it
is notable that this chemistry has not yet been extended
to the 1,3,5-trialkyl-substituted systems. In fact, we were
surprised to find that no 1,3,5-tris(halomethyl)-1,3,5-tri-
alkylcyclohexanes (Scheme 1B, X = –CH2-halogen, R =
alkyl) have been reported so far. In this contribution, we
report on the preparation of the first examples of such
compounds, using two different strategies.

Transformations on the unsubstituted 1,3,5-tris-
(hydroxymethyl)cyclohexane (1-H) are straightforward
and proceed as shown in Scheme 2. The conversion of
1-H into the 1,3,5-tris(bromomethyl)cyclohexane (2-H)
has been classically performed using PPh3 and Br2 (an
equivalent reagent is Ph3PBr2) but significant difficulties
in removing the triphenylphosphine oxide by-product
have been noted.3g We found that 2-H is easily made
by refluxing 1-H in 48% HBr overnight.5 A remarkable
transformation on the tribromide 2-H has been reported
recently, namely, the conversion into a tris-Grignard
compound 3-H, a very rare compound of a triply meta-
lated aliphatic framework.3f,g We found that the
reported formation of a tris-Grignard compound is
easily reproduced.

We tried to perform similar transformations on the
1,3,5-trialkyl derivatives 1-Me and 1-Prop (Scheme 3,
compounds 1-R).6 However, we found that the latter
compounds exhibit reactivity very different from that
of 1-H. Reacting compounds 1-R (R = Me, n-Prop)
with HBr did not form the desired tribromides 2-R,
but led to complete decomposition instead. The reaction
with Ph3PBr2, however, led to the following observa-
tions: room temperature reactions where 1-R were
reacted with a slight excess of PPh3Br2 (1:3.2 molar
ratio), yielded a mixture of compounds, which contained
no 2-R. We were able to isolate the bicyclic esters 4-R
(Scheme 3) as the main products, unambiguously char-
acterized by NMR spectroscopy.7 Clearly, the alkyl
groups in the 1,3,5-positions exert a profound effect on
the reactivity of the hydroxyls, by facilitating intra-
molecular ring-closure reactions.8 Apparently, the ester
is formed when one CH2–O functionality, activated by
phosphorus, is being attacked, in a nucleophilic fashion,
by an adjacent CH2OH. This intramolecular attack
seems to be much faster than attack by external bro-
mide. This behavior contrasts with the reactivity of 1-
H, and we propose that the difference lies in the position
of the conformational equilibrium between structures
having CH2OH in either equatorial or axial position.
Such effects would not necessarily be visible in solid state
structures, and in the X-ray structure of compound 1-
Me, the CH2OH groups are still in equatorial posi-
tions.3e When we varied the reaction conditions, we
found that the desired tribromides 2-R are formed in
34–35% yield during 4 h if 50% excess of Ph3PBr2 (molar
ratio 4.5:1) and high temperature conditions (175 �C)
are used.9 These reaction conditions are optimized,
and while low temperatures lead to incomplete bromin-
ation, higher temperatures lead to decomposition.

An alternative access to 2-R was also developed. We
reasoned that care should be taken since once a good
leaving group is formed at one position, nucleophilic
attack by an adjacent group should be prevented. This
might be achievable by efficient functionalization of
the OH groups at low temperature, and the triflate
species 5-R are promising synthetic intermediates. We
prepared the known3e compound 5-Me, along with the
new compound 5-Prop.10 The tris-triflates 5-R were
reacted with three equivalents of (NEt4)Br in CHCl3
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to obtain 2-R.11 These reactions are less straightforward
than envisioned, since the tris-triflates 5-R are tempera-
ture-sensitive, decomposing within days at room
temperature (even under inert atmosphere). Unfortu-
nately, elevated temperature is needed to facilitate the
nucleophilic attack by bromide, and the reaction is
essentially a competition between decomposition and
SN2 substitution. Thus, it seems unlikely that this
method can be optimized to give high yields of 2-R.
However, a small amount of very pure 2-Me was
obtained by means of slow recrystallization from crude
2-Me, prepared by this method. This crystalline material
was suitable for X-ray crystallography.

In order to gain insight into the structural features of
the 1,3,5-tris(bromomethyl)-1,3,5-trialkylcyclohexanes,
a single-crystal X-ray structure determination of 2-Me
was undertaken (Fig. 1).12 The compound adopts a
chair conformation in the solid state, where the methyl
groups occupy the axial positions and the bromomethyl
groups occupy the equatorial positions. This can reason-
ably be expected from the relative size of these groups.
The C–Br vectors are parallel to C–C bonds in the cyclo-
hexane framework, and anti-geometry is observed for
those bonds. While this might be an indication of hyper-
conjugation, packing effects cannot be excluded, of
course. Compared to unsubstituted cyclohexane, the
cyclohexane ring in this heavily substituted compound
undergoes flattening. Steric repulsion enforces widening
of the endocyclic bond angles around CH2, leading to a
value of 117.3(6) (average of three values, see legend to
Fig. 1) for these angles, compared to the literature
value13 of 111.5� for cyclohexane. The flattening
becomes manifested in the six endocyclic torsion angles,
where the average of the absolute values is 49(1)�
compared to the cyclohexane value of 55�. The values
we observe seem typical for 1,1-3,3-5,5-hexasubstituted
cyclohexanes: endocyclic bond angles to methylene of
Figure 1. Thermal ellipsoid plot (30% probability) for 2-Me. Selected
distances (Å) and angles (�): C–Br: C10–Br1, 1.946(5); C12–Br2,
1.957(6); C8–Br3, 1.979(5); exocyclic angles: C7–C1–C8, 107.4(4);
C10–C3–C9, 108.2(4); C11–C5–C12, 108.8(4); endocyclic angles to
quaternary carbons: C2–C1–C6, 109.0(4); C2–C3–C4, 110.5(4);
C4–C5–C6, 108.9(4); endocyclic angles to methylenes: C1–C2–C3,
117.8(4); C5–C4–C3, 116.7(4); C5–C6–C1, 117.3(4); torsion angles:
Br3–C8–C1–C6, �175.8(6); Br1–C10–C3–C2, 179.6(6); Br2–C12–C5–
C6, 179.1(6); average of the absolute values of the six endocyclic
torsions: 49(1).
117.4 and 119.9, as well as endocyclic torsions of 48.5
and 47.3 were previously observed for compounds
1-Me and for cis,cis-1,3,5-tris[(diphenylphosphanyl)-
methyl]-1,3,5-trimethylcyclohexane, respectively.3e

In conclusion, we have synthesized and characterized
1,3,5-tris(bromomethyl)-1,3,5-trialkylcyclohexanes (alk-
yl = methyl, n-propyl), the first examples of the class
of 1,3,5-tris(halomethyl)-1,3,5-trialkylcyclohexanes. The
target compounds were obtained, despite the fact that
the alkyl groups in 1,3,5-positions render bromination
reactions of the triols unusually challenging. We antici-
pate that the new compounds described here are very
useful precursors for the synthesis of novel hydrocar-
bon-based cages.
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