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A recent publication (1) from one of these laboratories described the

preparation of 1,1';3,3';4,5-tris-(trimethylene) -ferrocene (VII) by the
route shown in FIG. 1, and its acetylation to & mixture of IX, X, and XI.
We now wish to report the preparation of 1,1';3,3';k,5;4!,5'-tetrakis-
(trimethylene) -ferrocene (XIII) via the reaction sequence (FIG. 2) employed
in the earlier work (1).

41 -pcetyl-1,1';3,3" ;4,5-tris-( trimethylene) ~ferrocene (IX) (1) was
treated with sodium hydride and diethyl carbonate (step 3), the resulting
B-keto ester was hydrogenolyzed to the ethyl 4'-propiomate (step 4), which
was hydrolyzed (step 5) to the 4'-propionic acid. The latter was cyclized
with trifluoroacetic anhydride in carbon tetrachloride (step 6) to u',5'-
{a-ketotrimethylene) -1,1';3,3! ;4,5-tris-( trimethylene) -ferrocene (XII) [Anal.
Found: C, 73.28; H, 6.89]. The homoanmular nature of the ketone is inli-
cated (1) by the position of its carbonyl band at 1691 cm * (carbon tetra-
chloride) and its ultraviolet extinction coefficient (€ 15,500 at A’m
232 mu and € 6700 at Mpax 2TE mu); 1ts n.m.r. spectrum, with two ring proton
singlets at T 6.T7 (benzene), is in accord with structure XII. The ketone

* Compounds 1I, IV, V, VI, IX, XII, XV, and XVIII were obtained as racemic
mixtures; only one enantiomorph is shown.
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FIG. 1
and hanoanmularly cyclized products (Ref, 1) fram 1,1';3,3!
bil-(tﬁhethylene) -ferrocene-4-propionic acid (IV); mmbered steps:
w ( 2 ﬂum@, (2) chramatographic Beruation, (»

NaH,
@ Al Hz, P+Oz, CHsCOCH; (5) NeCH then HaPO4; (6) (Crsco) 29
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FIG. 2

Synthetic route to 1,1';3,3';4,5;4',5' ~tetrakis-(trimethylene) -
ferrocene (XIII); mmbered steps same as in FIG. 1.
was reduced vith lithium aluminum hydride-alumimm chloride (step 7) to
1,1'33,3';4,5; 4,5 ~tetrakis-( trimethylene) -Cerrocene (XIIT)[Anal. Found:
C, T6.44; H, 7.71; Mol. wt., 346 (mess spec.)]. The symmetrical nature
of XIIT is indicated by its n.m.r. spectrum, vhich contains a two-proton
singlet in the ring proton region, at 1 6.52 in benzene solution (at
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7 6.42 in chloroform).

In another recent study of mulidcyclic ferrocenes Schldgl and Peterlik
(2) reported the preparation (FIG. 3) of a tetrakis-(trimethylene)-ferrocene
(@), to vhich they assigned the structure 1,1';2,2';3,3';4,4! -tetrakis-
(trimethylene) -ferrocene (XIV). Their synthesis of G proceeded from I, via
the intermediates XV, IV, A, C, E, and F.

Howewver, the structure (XIV) assigned to G by these authors cannot be
correct, as may be seen by comparing the routes and melting points of FIGS. 1
and 2 vs. 3. These authors' cyclization of IV gave & ketone (A) of m.p. 159-
160° as the favored product end a ketone (B) of m.p. 185-186° as the less
favored isamer, The close correspondence in melting points and chrama-
tographic behavior [VI moves faster than V (1), and B faster than A (2)]
shows A to be V [not VI, as 1t was assigned (2)]"" and B to be VI. " ALl

The structure of XV is not in doubt. We have repeated the formylation
procedure of Schl®Bgl and Peterlik and have isolated XV, m.p. 86-89°
after sublimation [reported (2) 88-89°]. Its structure is demonstrated
most clearly by its n.m.r. spectrum (carbon tetrachloride), which con-
tains an aldehydlc proton at v 0.3l and whose ring proton region con-
tains a low field proton at v 5.60 (H-5) and generally resembles that of
II (1) but not that of IIX (1).
E 2 3
In addition to the mistake made in assigning hetercanmilar structures to
the hamoanmilar products V and VII, there are unfortunate and confusing
typographical errors in most of the formulas on p. 1333 in Ref. 2b and
on p. 576 in Ref. 2a. For example, the present compounds I, XV, and IV
(compounds mubered XX, XTI, and XIV, respectively, in Ref. 2b) are pic-
tured there as derivatives of 1,1';2,2'-bis-(trimethyleng-ferrocene, even
though they are correctly referred to as derivatives of the 1,1'33,3'-
iscmer in the Experimental Part, and though compound I (XTI in Ref. 2b)
had eerlier been assigned the correct structure (3). Similarly, in Ref,
2a the ketones A and B of FIG. 3 (mmbered Va and Vb in Ref. 2a), their
reduction products C and D, and all further campounds from A and C, are
plctured again as having been derived from 1,1';2,2'-bis-(trimethylene)-
ferrocene, though on an earlier pege of the same article the starting
material was clearly given as 1,1';3,3!-bis~(trimethylene)-ferrocene
(I in the present report, III in Ref. 2a).

m’me structure of ketone B (VI) was not assigned in Ref. 2b. However,
in the preliminsry report (Ref. 28) it was pictured on p. 576 as 3,3'~
(a-ketotrimethyleng-1,1';2,2' -bis-( trimethylene) -ferrocene. This is
- apparently another typographical error, as that structure would be im-
possible starting from 1,1';3,3'-bis-(trimethylene)-ferrocene; it is not
clear vhat structure was intended. The structures assigned in our earlier
paper (1) to ketones V and VI rest firmly on the ultraviolet spectrs of
V and VI and on the acetylation products of VII and VIII derived, respec-
tively, from them.
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FIG. 3

Bridged and homoannularly cyclimed products (Ref. 2) fram 1,1';3,31-
bis-(trimethylene) -ferrocene-k-propionic acid (IV); lettered steps: (a)
CellsN( CHa) CHO, POCLs; (b) CHo(COCH),, CsHsN, CsH;iN; (¢} F+Op, Hp,
CHaCOCH; (d) (CFaC0) .05 (e) IAAlH-RICLs.



832 Tetrakis-( trimethylene)-ferrocene No.15%

further operations, to give C, E, F, and G, were then carried out starting
from the lcwer-melting ketone (A = V); hence, campounds C, E, F and G must
all contair. at least one homoannular ring and the final product cannot be

XIv.

Though. the above considerations indicate what compounds F and G are
not, they do not establish vhat they are. The rather close agreement in
melting points suggests that F and G are probably XII and XIII, respective-
1y.” The cnly 1somer of P possible, starting fram VII, would be 2,2'-
(a-ketotrimethylene)-1,1';3,3" ; 4,5-tris~( trimethylene) -ferrocene (XVI). On
steric grounds this should be very difficult to form, as evidenced by the
failures of 1,1';3,3'-bis-(trimethylene)-ferrocene-2-propionic acid (1) and
of 1,1';2,2';4, 4! ~tris-(trimethylene) ~ferrocene~3~-propionic acid (4) to cy-
clize hetercanmularly between two bridges.

In the present investigation we have formylated VII and have isclated
after very careful chramatography two formyl derivatives, XVII and XVIIT,

in the approximate ratio of 3 to 1, respectively.”  After repeated

The melt points of XII and XIII before sublimation were 186-187.5°
and 154-156°, respectively. Minor impurities thus seem to defrees the
m.p. of XII considerably. [The m.p. reported for F was 180° (2b), 175-
18¢° (2a) 1. .
* The formation of a mixture of isameric formyl derivatives from VII is
swrprising, since earlier authors (2,3) have reported only a single
uct from the Vilsmeler reaction. In agreement with their report
2), we also f£ind only one isomer, XV, from the formylation of I,

OCH:
HO
Fe Fe Fe
o] CHO
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sublimation the major product, XVII, has m.p. 124.5-127°, [Amal. Found:
¢, T1..83; H, 7.00], and the minor product, XVITI, m.p.- 107-109.5° [Anal.
Found: C, 72.11; H, 6.83). The structure of XVII is established by 1ts
n.m.r. spectrum (carbon tetrachloride), with a two-proton doublet (J =
1.k c.p.s.) at T 6.62 and a one-proton triplet at T 6.27 in the ring
proton region; the doublet and triplet appear at t 6.78 and 6.30, respec-
tively, in benzeme. Similarly, the structure of XVIII is assigned from
its n.m.r. spectrum (carbon tetrachloride), with ring proton peeks at

T 5.92 and 7 6,01 (H-5' and H-2' doublets, J = 1.4 c.p.s8.), and at 7 6.50
(H-2 singlet); these pemks occur in benzene solution at v 5.98, 6.29, and
6.Th4, respectively. The earlier authors (2) reported only one iscmer
from formylation of VII; its m.p. (109-113°) agrees reasomably well with
that of XVIII. Either pure XVIII or the presence of XVIII in a mdxture
with XVII would account well for the isolation of Tk of XII from the re-

action sequence of FIG. 3.
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