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Of Propellanes — and Of Spirans'

David Ginsburg
Department of Chemistry, Technion — Israel Institute of Technology, Haifa, Israel

‘The time has come,’ the Walrus said,

‘To talk of many things

Of shoes — and ships — and sealing wax —

Of cabbages — and kings —’

Lewis Carroll, *“The Walrus and the Carpenter”
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The synthesis of propellanes and spirans is reviewed, attempting to explain why a starting material
sometimes yields a member of one class or the other, but apparently not a mixture of both.
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David Ginsburg

1 Introduction

I should like to attempt to explain why a starting material that may apparently
afford a propellane and/or a dispiran sometimes gives one or another, apparently
not a mixture of both. There does not appear to be a denominator common for all
the cases to be discussed but perhaps discussion of cases pertaining both to carbo-
cyclic and heterocyclic compounds may cast some light on the problem ; there need not
be a unique reason for the behavior in the two series.

To emphasize this statement I should like to begin with a heterocyclic case which
provides an outlet for the molecule’s behavior that leads to neither propellane or spiran
albeit, on paper, both of these types might be expected to form. In Miilheim/Ruhr the
foliowing reaction was studied:

OH OH RB-0 RB-O
HAIO 4 R {
RBCI _
‘V oH P2 0-BL40 =
HO OH 4 5

W,

2 3

The product I is formed exclusively 2. No propellane is formed. An explanation
has been given by a group interested more in propellanes than in spirans and
therefore considered only the relative stability between / and 2 3.

MNDO calculations indicate that /, rather than 2, forms because of repulsion
between lone-pairs on proximate oxygens which would occur in the propellanes but
not in compounds of type / ¥. Compunds / and 3 were not compared. In the two
systems which were compared, the hetcro-rings are five-membered whilst in 3 they
would be four-membered, perhaps sufficient reason without further ado to ignore
the importance of 3 being potentially formed. The simplistic argument with respect
to relatively greater strain in 4-membered rings may rot be the only consideration,
however. Here too electrostatic interactions between oxygens in the spiro-rings might
be of even greater weight.

Often there are two (or more) courses that a reaction may take, say, cyclization
of a common starting material (under whatever conditions that are being used) leading
to several possible products. In this chapter, I want to discuss just such a case where
cyclization of a generalized 1,1,2,2-tetrasubstituted ring 4 may lead to a propellane 5
and/or to a dispiran 6.

€S @



Of Propellanes — and Of Spirans

It may be useful either at the outset or post factum to use molecular mechanics to
calculate which of these products may be the more stable. A priori there is no way
to tell whether either of the two products is the generally preferred one. In the
present case such calculations do not appear to have been carried out at the outset;
not surprisingly. This sort of thing was not done at the time the work was conducted.
I know of only one very recent paper in which such calculations appear, comparing
intermediates between a dispiran with its isomeric propellane (see below **).

Although we are dealing with work described in the literature by means of a posterio-
ri- molecular calculation it is useful to see the relative calculated heats of formation
of the isomeric prcpellanes and dispirans and note particularly the right-most
columns so as to be in a position to gauge these against the experimental results or
vice versa.

Amnon Stanger *® has kindly calculated the heats of formation H; and strain
energies E, of the two sets of isomers shown in the Table.

Table 1. (Program MM2, QCPE No. 395)

Compound AHg (kcal/mol) Strain Energy,E AAHg AE
chair 9.0 50.7

/ boat 13.2 54.9
C@J chair 16.5 60.4
< 20.4 56.3

<:@ 235 60.7

75 9.7

3.1 IAA

Thus, the experimental results follow in the path of the calculations.

Incidentally, PE spectra of these dispirans in addition to several others, have been
reported 3%

2 Carbocyclic Propellanes and Dispirans

Let us now turn to simpler systems in which there are two, not three, structural
alternatives for the potential product. Buchta and his collaborators published many
papers on the preparation of spiro-compounds *. His work stemmed primarily from
his greater interest in these *) rather than in the propellane by-products obtained
in certain cases **~®. The case was reversed for our group. Propellanes were para-
mount but sometimes spiro-compounds were obtained *. First we shall discuss a
number of carbocyclic examples. . .
At the time our work was done (1968) very few ‘“‘small-ring” propellanes were *
known *. Nevertheless it was clear that these molecules would be strained and that
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the smaller the rings the more care must be exercised in choosing the reaction con-
ditions for the last step(s) in their synthesis; the limiting cases certainly wouldn’t be
formed under relatively stringent reaction conditions.

A propellane containing, say, a six-membered ring and two four-membered ones
(a [4.2.2]propellane) would presumably be easier to prepare than one with three four-
membered rings. This assumption was proved amply true when the time came (1971)
and a [4.2.2]propellane derivative was used to prepare compounds successively con-
taining the [3.2.2] and the [2.2.2]propellane skeleton ©.

We tried in 1968, as it turned out, unsuccessfully, to prepare a propellane having
the [4.2.2] nucleus (actually it was a [4.2.2]propellene). But we were most successful
in preparing the isomeric dispiran 7). None of the desired propellane was formed
(see reaction scheme):

CH,Br CH,Br
CH,Br CH,Br
Pd/C ._ZMnT
> aq Me!
CH,Br bl Heon CH,Br
CH,Br CH,Br
7 &,
(,;% g 10
CH,0Ms
CN
5 e CH,OMs D50 CN
CHZOMS (Ref.7b)
12 11 13:4 of 6 possible isomers

The structures of the 4 isomeric nitriles listed in the above reaction scheme were
determined by NMR spectroscopy and dipole moment measurements 7.

The tetramesylate // used had been reported previously*s'®). We shall see below
that it nonetheless is a useful intermediate in synthesis of propellanes ®’

The dispiro[2.4.2.0)dec-5-ene was later used to prepare the compound with a
conjugated diene in the six-membered ring ®. There is no sign of rearrangement
under the conditions used.

2
X
é 15

Buchta and his coworkers have contributed to the problem we are discussing.
The tetraester of the [3.3.1]propellane shown, /7, is formed ‘‘iiberraschenderweise”
from 1,1,2,2-tetrakis-hydroxymethylcyclopropane tetramesylate /6 and sodio-diethyl
malonate, in 53 % yield 0.

(CH,0Ms),
<] —— (EtO0); (CO2Et )2
(CH,OMs),

16 17
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Wherefore ‘“{iberraschenderweise’”? For the corresponding cyclobutane-1,1,2,2-
tetramesylate /8 gave the homologous [3.3.2]propellane tetramethyl ester /9 in only
0.5 % yield, the major product being 7-oxa[3.3.2] propellane-3,3-diethyl ester 20 ¢,

i — woo Pyeom -« (e
[__"j( CHaOMs), (Et0C); (CO,EY), 0 (CO2Et),

18 19,0.5% 20, main product

Dispiro[2.2.2.0]Joctane 22 was obtained in good yield along with a fragmentation
product 23 by treating 1,1,2,2-tetrakis-bromomethyl-cyclobutane 2/ with zinc dust
in aqueous ethanol #®). The cyclobutene analog of 22 has also been reported “.

D(CHZBr )2
(CH,Br), - *

5.5parts 1part
21 22 23

A Wurtz reaction, using sodium, of the same tetrabromide gave a wealth of
fragmentation products whose formation may be reasonably explained mechanisti-
cally *®. v

When the cyclopropane homolog 24, with the same l_,1,2,2-'tetrabromide array,
was treated with zinc, the analogous fragmentation reaction occurred, leading in
this case to an 84 %, yield of 2,4-dimethyl-penta-1,4-diene, 25 *®). This is in contradi-
stinction to the reaction of the corresponding tetramesylate /6 with sodio-diethyl
malonate *", (vide supra).

<](CHZ Br);
(CHZ Bf)z

24 25

In the abovementioned cases preparation of the propellanes was direct. A very
nice instance exists, however, of rearrangement of a dispiran, 26, to Dewar benzenes
27 which happen to be [n.2.2]propelladienes. Silver ion (silver perchlorate at —20 °C)
promotes the isomerization, as shown %),
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Various Dewar benzenes of type 27 are formed depending upon the size of the
alicyclic ring.

To be quite formal about the connection between spirans and propellanes an
interesting pathway may be cited, although admittedly, it is farfetched.

The spiroketone 28 was converted into its tosylhydrazone whose sodium salt 29
was heated without solvent in a high vacuum. The bicyclic olefin 30 was formed
and being a cyclobutene, Woodward and Hoffmann allowed it to ting-open to afford
31 and these two products were collected in a trap cooled by liquid nitrogen.
When the mixture was permitted to warm up, an exothermic reaction (again allowed
by W & H) set in and the cyclobuteno[4.2.2]propellane 32 was formed '*).

%w% T -
EEQDC@

3 Heterocyclic Propellanes and Dispirans

Let us now discuss heterocyclic propellanes and dispirans. 8,11-Dioxa[4.3.3]propell-3-
ene 34 was prepared (in 739 yield) by heating the tetrol 33 with KHSO, at
190-200 °C ). This was accompanied by the bicyclic ether 35 (109 yield) but no

5 CH,0H
CH,0H A\ N\
D aon: g O\/O
(CH20H); 24 1
CH,COH
33 34 35

mention was made of any accompanying olefinic dispiran containing iwo oxetan rings.
A saturated isomeric dispiran analog was prepared by another route *¢). Thus, rather
than form a dispiran a trans-fused bicyclic prodiict is preferred.

Again, only oxa-propellanes, not dispirans, were formed when 1,1,2,2-cyclobutane
derivatives were used as starting materials *®). The tetratosylate 37 was formed by
esterification of the corresponding tetrol 36 with p-TsOH accompanied by the bicyclic

CH,0Ts
(CH20H)2 (CH0Ts),
[ichz0m, = Ucraoen 0
CH,0Ts
36 37 - 38
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ether ditosylate 38. The tetratosylate obtained, when treated with sodio-malonic ester, )
did not give a [3.3.2]propellane tetraester (vide supra *®) but rather the propellane
ether diester 39. This product was also obtained when the bicyclic ether ditosylate 38
was treated with sodio-malonic ester *®. Treatment of the tetrabromide 27 with

oC@(cozet)z

39 —

sodio-malonic ester gave the bicyclic compound 40. It gave after heating in methanol
with KOH a salt which upon acidification gave the dicarboxylic acid 4/. At first

L4

CH,Br
(CH,Br ), . /\:@
D(CHZ Br); @(COZE”Z Q (COzH)2
CHyBr
21 40 4 ;

glance the conditions leading to the oxa[3.3.2]propellane dicarboxylic acid may appear
strange but though the reaction course is not explained one can rationalize it
by stepwise nucleophilic attacks, involving one set of cis-disposed bromomethyl groups
in each case:

//'\
CH Br  ~CH(COsEL ), CH,CHICO,EL )
CHyBr CH,Br .
(CH,Br), (CH,Br);
21
CHp Br CH,Br CH07] :
C{-‘z KOH = HCI
éT_lg((;éjzfgt)z—-. (CO2Et); e (C0z); ——= Q (COzH),
cd
CHpBr = - - CHzBr CHBr
40 41

Both successive nucleophilic cyclizations to a ring are kosher because exo-
nucleophilic attack is involved in each '2). In any event one can just as easily write
on paper, for example:

=
Br7Cry ?(COzEt)z

d_CHZ _—’ EP
(CH;BT);

(CH2Br);
This clearly need not necessarily occur under nucleophilic conditions. But we note that
in the above case, mesylate, a better leaving group is involved whilst in the present case

bromide ion is the leaving group. Does one always.get a propellane with the worse

7
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leaving group and a dispiran with the better one? No, we shall see plenty of examples
of propellane formation with a mesylate or a tosylate leaving group (vide infra).
But here too we note that the nucleophiles being compared in the various cases
differ as do the substrates, as do the strain energies of the potential propellane or
dispiran products. Many parameters differ and we must recall one of the teachings
of a great man when he gave the famous course on natural products: “Never compare
apples with pears”. This advice is useful far beyond the field of chemistry and was
in fact more generally intended (as I was later told explicitly over “tea”).

There are many more syntheses of heterocyclic propellanes from 1,1,2,2-substituted
carbocyclic starting materials. The tetrol discussed above, when treated with KHSO,
at 170-190 °C affords the dioxa[3.3.2]propellane shown; no isomeric spiran is men-
tioned. Although the yield is only 509%; perhaps some dispiran is hiding in the
“brauner Riickstand’” from which the propellane diether is either crystallized at low

(CH20H); C@
D(CH;OH); = 0 0

36 ’ 42
(CHZ0Ts), i

E](CHonS)z ° ?
37 43

temperature or sublimed?*! Heating of the corresponding tetratosylate 37 with
Na,S -9 H,O in ethanol affords the oxathia[3.3.2]propellane 43 *%). (It should be
noted that in other cases dithioethers are obtained using analogous starting materials
with the same sulfide.) Using the tetramesylate /6 instead of the tetratosylate 37 in
dioxan/ethanol, albeit in the lower homolog (two parameters change: substrate and
solvent) the dithia[3.3.1]propellane 44 is obtained in 66 %, yield. When DMSO is the
solvent the yield of 44 rises to 72% *D.

(CH20Ms); C@
< — 5 g
(CH,0Ms),
16 44

Returning to the higher member of the homologous series but nevertheless changing

-the sulfonate type and solvent as compared to the above:case of the cyclobutane-

1,1,2,2-tetratosylate 37 the corresponding tetramesylate /8 affords the dithioether 45
instead of the ether-thioether 43 (dioxan/ethanol; 77 %).

D(CHZOMS)Z s/\:ﬂ\/s
(CH 20MS)2
18 45

The result common to all of these cases is that apparently no dispiran is formed
under these conditions, both acidic (KHSO,) and basic (Na,S).

8
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Starting from 1,1,2,2-substituted derivatives of tetrahydrofuran 46, 47 and of thio-
phan, 48, 49, trioxa[3.3.3]propellane 50, oxadithia[3.3.3]propellane 5/, dioxathia-
[3.3.3]propellane 52 and trithia[3.3.3]propellane 53, respectively, were cbtained > °).
No dispirans were detected!

(CH,OMs), N\
(CH20Ms), Al

47 51
(CH,0Ms), X,
(CH,0Ms) SCCSJS
49 53
(CH20H)2 ™\
0 — 0
S(CH;OH); C@q/o
) 50
(CH20H), 7\
oij(CHz OH), OC@%/O
52

To the Buchta heterocycles the higher homologs must also be added. The
cyclopentane-1,1,2,2-substituted tetrol 54 was cyclized, in this case heated rapidly
with H,SO, at 160-170°, to give the dioxa[3.3.3]propellane 55 in 74 %/ yield, no dispiran
by-product being mentioned here either **).

< (CH;0H), ~
(CH20H), CC(Z/O
54 55

A somewhat different method than those described above led to dithia[3.3.3]pro-
pellane. When the same tetrol 54 was treated with p-TsCl in pyridine, the ditosylate 56
was formed at room temperature. At —5 °C the tetratosylate 57 was formed without
formation of the five-membered ether ring ).

CH0Ts

. <:C§\o
54 (CH,0Ts),
(CH OTS)z

57

oL CHZOTs
CH oM © 5
CHZ OH)2 i"c‘

Sodium sulfide then gives products 58 and 59 of the hetero[3.3.3]propellane series;
no dispirans are reported. The same approach was used for preparation of the

9
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corresponding oxa-thia and dithia[3.3.1] and [3.3.2]propellanes, some reported earlier
by Buchta. Somewhat different reaction conditions have been published '*'.

We turn now to the work of Jamrozik who has published several papers pertaining
to our theme. A new and different parameter is involved. If until now we have suspected
(but not proved) that a dispiran may form in lieu of a propellane with relatively
small rings because of higher strain in the latter, now we must bring a set in
which medium rings are involved. The relative difficulty in the formation of such
rings as compared to 5- and 6-membered rings on the one hand, and the so-called
large rings on the other, is too well known to require documentation.

When two equivalents of trans-1,2-dimercaptocyclohexane are heated with the
tetrabromide 24 (a substrate used earlier by Buchta *, again a priori there is a
possibility that a propellane 60 will form, a dispiran 6/ or a mixture of both '*".

S S
; S™Na
ﬂ (CHaBr); _— C( X D
‘C[ - < =60 %

S™Ng* (CH2Br)2 H
24 S E
s/
61 %

Jamrozik decided between the two on the basis of what he himnself regards as a
tenuous argument involving UV spectroscopy. The arguments based on NMR
spectroscopy support the propellane structure shown, 60, rather than the one with
a cis-arrangement 62 of ti'c abovementioned hydrogens:

62

A mixture of the two is not obtained. Further mass spectral fragmentation did not
show fragments based upon cleavage of the cyclopropane ring, a cleavage which is
common for spirans containing such a ring, including that of the monospiran 63
(containing two sulfur atoms) shown '*),

CO OO0

The yields of the tetrathia[6.6.1]propellane 60 and of the spirodithiabicyclo[S.4.0]-
undecane 63 are only 25% and 18 %, respectively. Perhaps this is the manifestation
of the relative difficulty in formation of medium rings. It is not otherwise obvious
why the yields should be so low. Of course propellanes with larger rings exist but the
medium ring isn’t cyclized at the bicyclic stage. It is already there '®).

In an analogous study similar arguments were used to show that a tetraoxa[7.7.1]-

10
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propellane 64, and again not a dispiran 65, is formed from the same 1,1,2,2-tetra-
bromomethylcyclopropane and from 1,8-dihydroxynaphthalene '7.

2 N CraBne I >A<
64 65

24
With catechol or with 2,3-dihydroxynaphthalene, dispirans of the [6.0.6.1]type
are formed '®):

O, -t — GLOACIO
O'Nd, (CHZ BT)Z O O
66 ¥

s — OO
ONd 0 0
67

The author ') explains the difference by involvong the “‘peri-effect” in 1,8-di-
hydroxynaphthalene.

Another similar case has been discussed. 2,2,3,3-Tetrahydroxymethyltetralin 68
was dehydrated by the method liked by Buchta, KHSO, at 170-190°, followed by
sublimation. An ether 69 and a propellane diether 70 are formed in about equal
amounts (4: 5, respeciively). Neither monospiran diol nor dispiran are formed '’

CH,0H
(CH,0H), “ \
PR O +
@O(CHon )2 O OJO
CH,0H .
68 69 70

The twice aromatic analog 71 of the propellane 60 containing cyclohexane rings '*’
(in which there are, of course, no bridgehead hydrogens), has been obtained from
the tetrabromide and 1,2-benzenedithiol. Again no dispiran is formed 2°.

Ol - im — oo

2 + —>

S‘NG‘ C H 2 Br)z S S
24 71

3,6,10,13-Tetrathia[6.6.1]propellane 72 has been prepared 2!). This is the parent of
the dibenzo compound 7/ just mentioned 2°). The same tetrasubstituted cyclopropane
24 was used, this time simply with 1,2-ethanedithiol, under conditions of high dilution

11



