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be ascribed exclusively to changes in rotational entropy in going 
from reactants to products. For a reaction leading to the for
mation of benzyl cation, AS0 is nearly zero within the frame
work of the model.23 

A C ° ~ A O ° = P Ir, Il x y'z-'benzyl+U Jy Jz)<-BuCl~|1/2 

AS ~ A S R 0 T = flln — — _ — — 
lLAi x1 y* zJbenzyl ClU x1 y1 z/(-Bu* J 

X \\ = Rln M X T 7 5 T = - 0 . 2 e u 
L °benzyl+0VBuCl J ) \ 2 X 8 1 / 

For the process leading to tropylium, however, the entropy 
change is sizable. 

A S ° « A S ° R 0 T = 

P l I l ' x y z ^ t r ° p y ' i u m + ' x y 2^BuCi J 

I L \I*IyIz)benzyl-Cl(^x^y^z)(-Bu+ J 

T O-benzyl Cl^Bu+ I ) „ , A „ 2 X 81 \ 
X — - J J I n 0 . 9 X 1 ) = - 4 . 1 

L fftropyliumff«-BuCl J j \ 1 4 X 8 1 / 
The temperature of the ICR cell may be varied from 303 to 408 
K. Thus, while the free energy for reaction 3 leading to benzyl 
cation would be nearly independent of temperature over this 
range, the change in AG0 for the corresponding process re
sulting in tropylium would be 0.43 kcal/mol. The energy 
changes associated with the formation of the benzyl and tro
pylium cations are different enough so as to be readily distin
guishable at the level of precision with which the equilibrium 
constant measurements are performed. Experimentally, AG 
for eq 2 at 408 K is 0.23 ±0.10 kcal/mol. Thus, our measured 
value for the free energy change over the stated temperature 
range, AAG0 = 0.05 ±0.15 kcal/mol, is, within experimental 
error, in accord with the estimate based on rotational entropy 
changes alone for reaction leading to the generation of benzyl 
cation.25 It is not readily interpretable in terms of the process 
forming tropylium. 

In conclusion, both A//° (0.03 ± 0.24 kcal/mol) and AS*0 

(—0.5 ± 1.5 eu), measured by ICR spectroscopy for the halide 
transfer equilibrium between benzyl and tert- butyl chlorides, 
are consistent with the notion that the CyH7

+ cation formed 
is the benzylic system and not the thermodynamically favored 
tropylium ion.26 We feel that our results, taken together with 
those recently obtained by McLafferty and Dunbar and their 
respective co-workers, provide strong evidence for the stable 
existence of the benzyl cation in the gas phase. 
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Novel Carbon-Hydrogen Bond Cleavage by 
Bis(dimethylphosphino)ethane Complexes of Iron, 
Ruthenium, and Osmium 

Sir: 

We wish to report the first transition metal complex capable 
of rapidly cleaving a variety of C-H bonds (activated sp3, ar
omatic sp2, and sp) under mild conditions, resulting in adducts 
which can be fully characterized. The new complex 
Fe(dmpe)2H(CK)H7) (1) (Ci0H7 = 2-naphthyl, dmpe = 
Me2PCH2CH2PMe2) prepared by the reaction of Fe-
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Figure 1. The observed and calculated 31P | 'H | -36.43 MHz spectrum 
of m-Ru(dmpe)2H(CioH7) in THF-^8 at 25 0C. The calculated spectrum 
is constructed using 6A -43.7, 5B -41.9, <5C -33.3, &D -21 A, JAB = O, 
A c = 15.5 , /A D = 23.5,/BC = 2 1 , / B D = 16 .5 , / C D = 13 Hz. 

(dmpe^Ch with sodium naphthalenide1 can also be used to 
prepare a number of new five-coordinate, zero-valent iron 
complexes. 

The golden orange powder 1 has an ir spectrum (Nujol) 
similar to those of Ru(dmpe)2H(CioH7)(2)2 and Os-
(dmpe)2H(CioH7) (3),3 which we have prepared for com
parison; the only substantial difference in the spectra is I»MH 
(1725 cm-1 for Fe, 1780 cm"1 for Ru, and 1875 cm-1 for Os). 
3' P|' H) and ' H N MR spectra of THF-^8 solutions of all three 
complexes indicate a mixture of cis and trans isomers at 
equilibrium, though only the iron complex reaches equilibrium 
quickly. Figure 1 shows observed and calculated 31P !1Hj 
spectra of cis-2. Selective 1Hj31P) decoupling experiments 
establish that Pc is trans to naphthyl and PD is trans to H. The 
NMR data for the cis molecules are consistent with the x-ray 
crystal structures of cis-2 and -3 3 

1 reacts within a few minutes at 25 0C with a variety of ar
omatic compounds by the equation 

M(dmpe)2H(C10H7) + ArH 

^ M(dmpe)2H(Ar) + C10H8 (1) 

For example, the 31P j1 Hj and 1H NMR spectra of 1 in toluene 
show both cis- and trans-1 and two cis- and two trans-
FeCdITiPe)2H(C6H4CH3) (4) (Figure 2A). In C6D5CD3, the 
two /w«j-Fe(dmpe)2(C6D4CD3) (4-^8) resonances are 1:1:1 
triplets (Figure 2B4) in the relative intensities of 1 to 1.6. 
Observation of phosphorus-deuterium coupling in the 31P (1Hj 
NMR spectra of selectively deuterated para and meta tolu
ene-^ complexes allows assignment of the smaller downfield 
triplet (5 -74.7) (Figure 2C) to ?ran.s-Fe(dmpe)2H(p-tolyl) 
and the upfield triplet (<5 —74.6) to the w-tolyl isomer. No 
o-tolyl isomer was observed, indicating a significant steric 
effect on the isomer distribution. Electron-withdrawing groups 
stabilize the Ar-M bonds as shown by increasing K\ in the 
order: 

C6H5NH2 < C6H5CH3 < C6H6 < C10H8 

< C6H5CN < o-C6H4(CF3)2 

trans- K 

trans- 4 d , 

meta - m 
para T n 

'trans- 4 

^trans -1 

A 

/ 

cis- species 

>v 
Figure 2. The 31P I1H) -36.43 MHz spectra of Fe(dmpe)2H(C l0H7) in 
toluene (A) and toluene-d8 (B). C is an expansion of the trans region of 
B, displaying the singlet of 1 and 1:1:1 triplets of para and meta 4-rfg. See 
text for explanation. The 31P (1Hj NMR spectrum of 1 has been completely 
simulated. 

Compound 2 also reacts by eq 1, but requires more forcing 
conditions: 8 h at 60 0C; the reaction product invariably con
tains more cis isomer than that of Fe. Compound 3 is much less 
reactive; no reaction with C6D6 was observed after 60 h at 75 
0C. 

1 and 2 also react within hours with activated sp3 C-H bonds 
(acetonitrile, acetone, ethyl acetate, and methyl a-cyanoace-
tate).5 For instance, acetonitrile and 1 give trans-Fe-
(dmpe)2H(CH2CN), as identified by the infrared spectrum 
[KCN = 2165 cm-' (C6D6)] and 220-MHz 1H NMR [FeH 
appears as a quintet at 5 -23.20 (2JPH = 48 Hz) and 
(NCCH2)Fe as a quintet twice as intense at 5 -0.59 ( 3 / P H = 
5.5 Hz)]. 1 reacts with monosubstituted acetylenes to form 
trans hydrido acetylide complexes and with cyclopentadiene 
to yield r/-a/u-Fe(dmpe)2H(h1-Cp). 

1 and 2 react with Lewis base ligands (L = CO, disubsti-
tuted acetylenes, olefins, and phosphorus ligands) to give 
zero-valent complexes by the equation 

M(dmpe)2H(C,0H7) + L — M(dmpe)2L + Ci0H8 (2) 

Carbon monoxide adducts show very low stretching frequen-
cies(cco 1810cm-' forFeand 1830 cm-1 for Ru), indicating 
a high electron density on the metals; for comparison, eco in 
Ni(CO)(PEt3)3 is 1908 cm-1.6 A high metal electron density 
is also indicated by the high field shift of ethylene hydrogens 
in the 1H spectrum of Fe(C2H4)(dmpe)2 (<5 0.60, quintet, 3JPH 
= 4 Hz, toluene-t/g, 80 0C).7 Olefin complexes, Fe-
(CH2=CHR)(dmpe)2, are fluxional on the NMR time scale 
and the barrier to intramolecular exchange increases with in
creasing metal-olefin bond strength (R = Me < H ~ 
CH=CH 2 < COOMe < CN).8 The acrylonitrile complex is 
rigid on the NMR time scale at room temperature, as is a 
complex of diphenylacetylene. 

Phosphorus ligands usually give Fe(dmpe)2L complexes 
with AB4

 31Pl1H) spectra at 25 °C. Ability to coordinate de
pends strongly on the size of L. Thus, reaction 2 goes to com
pletion for L = PF3, P(OCH2)3CEt, P(OMe)3, or PEt3, but 
not with P(Z-Pr)3. The large cone angle (1450)9 of PPh3 hin
ders formation of a Fe(dmpe)2L complex; instead attack on 
a phenyl C-H bond gives Fe(dmpe)2H(Ph2PC6H4). Forma
tion of Fe(PEt3)(dmpe)2 is in contrast to recent attempts to 
prepare Fe(PMe3)5, where the five-coordinate species ap
parently does not form for steric reasons; intramolecular oxi
dative addition instead gives Fe(PMe3)3H(Me2PCH2).10^12 
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Total Synthesis of Marasmic Acid 

Sir: 

Marasmic acid (I),1 one of the many fungal metabolites 
isolated from the Basidiomycetes, has been the target of recent 
synthetic attempts. In their work, de Mayo and his colleagues 
synthesized methyl isomarasmate (2), which differs from the 
natural product in the stereochemistry of the polycyclic ring 
system.2 During the course of our work, Wilson and Turner 
reported studies in which a Diels-Alder reaction was utilized 
for construction of the hydrindane ring system, and described 
an intermediate which was regarded as possessing the skeleton 
of marasmic acid.3 We now wish to report the results of our 
own, independently conceived work on the Diels-Alder ap
proach to marasmic acid, which has led to the first total syn
thesis of the molecule, and further, places the stereochemical 
assignments of Wilson and Turner in serious jeopardy.4 

Our initial approach to marasmic acid involved Diels-Alder 
addition of an acetylenic dienophile to diene acetal 6, which 
was synthesized in the following manner. Aldehyde 3, available 
by the ring contraction method of Magnusson and Thoren,5 

was transformed to the diethyl acetal 4,6 bp 74.5-75.5 0C (4.5 
mm), in 95% yield by treatment with triethyl orthoformate and 
a catalytic amount of p-toluenesulfonic acid in ethanol (24 h 
at room temperature). The acetal 4 was allowed to react with 
ethyl vinyl ether and anhydrous zinc chloride in ethyl acetate 
(24 h at room temperature) and the resulting ethoxy acetal, 
without isolation, was subjected to the action of sodium acetate 
in aqueous acetic acid7 (4 h at 90 0C), affording the diene al
dehyde 5,6 bp 68-69 0C (1 mm), in 93% yield. Treatment of 
5 with trimethyl orthoformate in methanol containing a cat

alytic amount of ammonium nitrate gave the dimethyl acetal 
6,6 bp 82-85 0C (2 mm), in 86% yield. 

OHC 

OHC 

3 
4 

5 

6 

18 

r\ Q 
R. 

-CHO 
-CH(OCH2CH3J2 

-CH=CHCHO 

-CH = CHCH(OCHj)2 

-CH=CHCH2OH 

CH3O2C. 

(CHjO)2HC' 

CO2CH3 

I H 

H 

7 

Diels-Alder reaction of 6 with dimethyl acetylenedicar-
boxylate was quite slow, requiring 8 days at 110 0C, but the 
adduct 7 was formed in high yield. When 7 was allowed to 
contact a sixfold excess of ethereal diazomethane, a 4:1 mixture 
of pyrazolines 86 and 9,6 mp 117-118 0C (hexane-acetone), 
was formed over a period of 14 days. Irradiation of the mixture 
of pyrazolines in ether solution (Pyrex filter) gave, after col
umn chromatography on silica gel, a single cyclopropane, 10,6 

mp 79-79.5 0C (hexane), in 60% overall yield from 6. 
Saponification of 10 with sodium hydroxide in aqueous 

methanol (48 h, 90 0C) provided diacid 11 as a white foam in 
97% yield. The diacid, without purification, was warmed with 
acetic anhydride (30 min, 55 0C), affording the anhydride 12,6 

mp 106.5-107.5 0C (hexane), in 96% yield. Reduction of 12 
with disodium tetracarbonylferrate in tetrahydrofuran8 gave 
a 1:1 mixture of the lactols 13 and 14. Treatment of this lactol 
mixture with acetic anhydride (2 h, 90 0C), followed by column 
chromatography on silica gel, gave lactol acetates 15,6 mp 
115-116.5 0C (hexane), and 16,6 mp 125-128.5 0C (hexane), 
in 31% combined yield from 12. Saponification of 15 with 
potassium carbonate in wet methanol gave pure 13, mp 96-99 
0C (hexane-methyl acetate), in 95% yield. Hydrolysis of the 
acetal moiety of 13 with tetrahydrofuran-10% aqueous HCl 
(1:1) afforded (to our surprise!4) isomarasmic acid (17),6 mp 

, N - ^ CO2CH3 

' H 

N=N £02CH3 
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