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25 °C, | h) regenerated 13b, which could be recycled.2!®

From the outset our strategy for hibiscone C called for intro-
duction of an axial C(6)-methyl substituent as the penultimate
step. Our confidence that in fact the axial configuration would
obtain derived from examination of molecular models of the
enolate of 14. In particular, axial approach of an electrophile to
the o or undesired face of this enolate results in considerable
tortional strain of the furan-C(7)-carbonyl = system during
product development. In contrast, axial approach to the desired
@ face permits maintenance of a high degree of overlap throughout
the bond forming process.

In practice, deprotonation of 14 [LiN(Me,Si),/THF, ~50 °C]
followed by addition of excess methyl iodide and acidic hydrolysis
(10% HCI/THF, 25 °C, | h) afforded racemic hibiscone C in
64% yield, accompanied by less than 7% of the equatorial methyl
epimer. That indeed hibiscone C was in hand derived from careful
spectral (e.g.,, NMR, IR, MS, and UV) and TLC comparisons
to authentic material kindly provided by Professor Thomson.??

In summation, the first total synthesis of hibiscone C has been
achieved. Central to the successful strategy was the intramolecular
[2 + 2] photocycloaddition of an enone (i.e., 4) to an acetylenic
bond. Studies to explore and extend the utility of this process
are under active investigation in our laboratory and will be reported
in due course.
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It has been demonstrated that transfers of alkyl anions and
hydride ions from main-group organometallics and from both
simple and complex hydrides to organic substrates can occur by
mechanisms involving initial electron-transfer steps,! and there
is growing interest in the general importance of electron-transfer
mechanisms in reactions of organometallics.> We report the first
examples in which hydride transfers from transition-metal alkyls
to hydride acceptors occur by a two-step electron-transfer /rad-
ical-transfer mechanism and evidence suggesting that this pathway
is associated with an o regioselectivity that contrasts dramatically
with the normal 8 regioselectivity for hydride transfers from
transition-metal alkyls.

Scheme 1. Formation of [W(n-C,H;),(C,H,)H]* from [W(n-
CsH,),(CH,), 1 (Cp =7-C4Hy)
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Scheme II. Reactions of {[W(n-C,H,),(CH,)(C,H,)] (Cp=n-
C,H,,*H=H or D)
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Scheme I1I. Possible Pathways for the Formation of [W(n- CsHj),(C,H, )H]** from [W(n-C,H,),(CH,;)(C,H,)] (Cp =n-C;H,)
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We previously reported that treatment of the 17-electron di-
methyl complex [W (n-CsHjs),(CH,),]PFs (1-PF¢) with the trityl
radical (Ph;C+) results in essentially quantitative conversion of
1-PF, into the ethylene complex [W(1-CsH;),(C,H,)H]PF (3-
PF) by an alkylidene insertion/3-elimination mechanism in which
the key intermediate is [W (n-CsHg)o(CH,)CH;]* (27).> We have
now observed that attempting to form 2% directly from the neutral
dimethyl [W(n-CsHs),(CHs),]* (4) (a formal hydride abstraction;
Scheme I) again results in formation of 3%, isolated as 3-BF, in
96% yield after treatment of 4 with Ph;CBF, in CH,Cl, at 25
°C. Reaction of Ph;CBF, with a mixture of 4-d; and 4-d, gave
a mixture of deuterated derivatives of 3* nearly identical with
that previously obtained from a mixture of 1-PF¢-dy and 1-PF¢-dg,?
as assayed by mass spectroscopic analysis of the [W(n-CsHs)o-
(C,D,H,_,)] formed by deprotonation.> We conclude that for-
mation of 3* from 4, like formation of 3* from 1%, is intramo-
lecular and probably involves migratory insertion within 2.

The formation of 2* from 4 raised the question of whether 2+
is formed via a single-step hydride transfer from 4 or via an initial
electron transfer to form 1* and Ph,C: followed by a hydrogen
atom transfer (Scheme I). EPR monitoring established that at
least some Ph;C- and 1* were formed in the course of the reaction,
and a thermal trapping experiment was therefore attempted.
Dropwise addition of 1.0 equiv of Ph;CPF; to a CH,Cl, solution
of 4 at =78 °C resulted in oxidation of 4 to 1%, isolated as 1-PF*¢
in 73% yield. Efficient trapping of the intermediate showed that
electron transfer was the only significant route for the hydride
transfer.

An unusual feature of the formation of 2* from 4 is the loss
of the hydride from an « carbon; although abstraction of 8 hy-
drides from transition-metal alkyls is a well-documented process,
there are only two previous reports of abstraction of « hydrides.®?
One of these described a selective a-hydride abstraction from a
ReC,H; group by Ph;C*, and the authors suggested that this
selectivity might be associated with the electron-acceptor capability
of Ph,C*.® Since at this point we had demonstrated that the
reaction of 4 with Ph;C* proceeded by an electron-transfer
mechanism, the tungstenocene metal-ligand environment offered
an exceptional opportunity to test whether such a mechanism
would result in a-hydride abstraction even in the presence of 8
hydrogens. A tungstenocene substrate containing both « and 8
hydrogens was accordingly prepared as shown in eq 1.

PhCO,H

[W(n'CSH“S)Z(CHS)Z]

EtMgBr

[W(ﬂ'csHs)z(gHs)(OCOPh)]
[W(U'CsHs)ngHs)(Csz)] (h

(7) (a) Green, M. L. H,; Nagy, P. L. I. J. Organomet. Chem. 1963, 1, 58.
(b) Cohen, L.; Giering, W. P.; Kenedy, D.; Magatti, C. V. Ibid. 1974, 65, C57.
(8) Sanders, A.; Cohen, L.; Giering, W. P.; Kenedy, D.; Magatti, C. V.
J. Am. Chem. Soc. 1973, 95, 5430.
329(99) Kiel, W. A; Liu, G.-Y.; Gladysz, J. A. J. Am. Chem. Soc. 1980, 102,

The conversion of 4 to 5 has been reported previously,® and
reaction of § in THF with 10 equiv of EtMgBr in Et,0 at 70 °C
for 23 h converted 5 to 6. Crude 6, contaminated by 10% [W-
(1-CsHs),H,],% was obtained in 56% yield, and analytically pure
[W(5-CsHs),(CH;)(C,Hs)], ! as used in subsequent experiments,
was obtained in 35% yield after four recrystallizations from
pentane.

The reaction of 1.0 equiv of Ph;CBF, with 6 in CH,Cl, at 25
°C resulted in formation of [W(5-CsHs),(C3Hg)H]BF,!? (7-BF,,
Scheme IT) in 89% yield. When the reaction of 6 with Ph,C* was
carried out by using Ph;CPF, at =78 °C, however, 6 was oxidized
to [W(n-CsHs),(CH3)(C,Hs)]* (8%, Scheme II; isolated in 94%
yield as 8-PF¢!%!4), The trapping of 8 indicates that the for-
mation of 7+ from 6 and Ph,CBF, occurs by an electron-transfer
mechanism. The intermediacy of 8* was confirmed by treating
8 PF, with 2.04 equiv of the trityl radical in CH,Cl; at 21 °C
to give 7-PF in 93% yield.

The formation of 7* from both 6 and 8" rules out the possibility
that hydrogen abstraction occurs from the 3 position in the ethyl
group, since the product that would result, [W(5-CsHs),-
(C,H,)CH,]*, is a known molecule!® that we have shown to be
stable under these conditions. Hydrogen loss could, however, occur
either from the methyl group of 8* to form the methylidene
complex [W(7-CsHs),(CH,)C,H]* (9%), or from the o-CH, of
the ethyl group to form the ethylidene complex [W (5-CsHs),-
(CH;)CHCH,]* (10%), since either 9% or 10* could give rise to
7* by an insertion/S-elimination sequence (Scheme IIT). Further
experiments were required to distinguish between these two
possible pathways and identify the origin of the abstracted hydride.

Reaction of 8 PF4 with Ph;C- in the presence of PMe,Ph in
CH,Cl, at 21 °C (Scheme II) gave [W(%-CsHs),-
(CH,PMe,Ph)C,H ] * (11%), isolated in 50% recrystallized yield
as 11-PF.'¢ Formation of this phosphonium salt strongly sug-
gested that the methylidene complex 9* had been formed and

(10) Green, M. L. H,; Knowles, P. J, J. Chem. Soc., Perkin Trans. 1, 1973,
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subsequently trapped by reaction with the nucleophilic phosphine;
the possibility remained, however, that the ethylidene complex
10* was the initial product of hydride abstraction and that it was
subsequently converted to 9* by an intramolecular hydride transfer
(Scheme III). This ambiguity was resolved by reacting [W (-
CsH;),(CD3)C,H;) | PFg with Ph,C- in the presence of PMe,Ph.
The exclusive isolation of [W(5-CsH;),(CD,PMe,Ph)C,H;)]PF,
(*H NMR, Scheme II) showed that hydride abstraction occurred
solely from the methyl group to form 9*.

Since a-H atom abstraction from the paramagnetic alkyl 8*
is facile, the transition state leading to 9* is probably stabilized
by significant development of the metal-carbon = interaction;!’
this would not be surprising in light of recent NMR evidence for
ground-state spin delocalization via metal-carbon = interactions
in paramagnetic vanadium alkyls.'®* Such delocalization may

(17) This could explain the formation of the methylidene complex 9* in
preference to the ethylidene 10*. The ethylidene ligand in the isoelectronic
molecule [Ta(4-CsH;),(CHCH;)CHj] is unable to achieve the electronically
optimal orientation for = overlap as a result of unfavorable steric interactions
with the rings: (a) Sharp, P. R.; Schrock, R. R. J. Organomet. Chem. 1979,
171, 43 and references therein. (b) Lauher, J. W.; Hoffmann, R. J. Am.
ICZt;n;.GS(;c. 1976, 98, 1729. (c¢) Goddard, R. J.; Hoffmann, R. Ibid. 1980,

, 7667.

Additions and

generally facilitate o-H atom abstraction from paramagnetic
transition-metal alkyls, and we suggest that the methyl selectivity
observed for hydride abstraction from 6 by an electron-trans-
fer/hydrogen atom transfer mechanism reflects an intrinsic o
selectivity in the second step.!’
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Corrections

Absolute Stereochemistry of Palytoxin [J. Am. Chem. Soc. 1982,
104, 3776]. R. E. MOORE,* G. BARTOLINI, J. BARCHI, A. A.
BoOTHNER-BY, J. DADOK, and J. FORD.

Page 3777: In the structural formula of palytoxin (1), there
should be a heavy dot on C(70), C(101), C(113), and C(115) to
indicate the absolute stereochemistries shown by degradation
products 2 and 12-16.

Book Reviews

Page 3779, column 1, lines 6, 11, 13, 16, 26, and 27: The R
and S designations in these lines should read—
16R,17R,19R,20S5,21R,2285,235,245,255,26 R,27R,28S;...
34S5,36R,37R,395,415,49S...; ...495,51R,525,53R,54R,558. . ;
76R,77R,78S8,79S5,81S...; 96S5,97R,985,99R,101R,102S5,103-
R,104R,105R,108R,109R,111S,113R,115S,116R,I19R,120R,
122S....

Operational Organic Chemistry. By John W. Lehman (Lake Superior
State College). Allyn and Bacon, Inc., Boston, Mass. 1981. xi + 671
pp. $20.95. .

This reviewer knows of no currently available textbook for the un-
dergraduate course in laboratory organic chemistry that he would prefer
to adopt over “Operational Organic Chemistry”. An examination of the
excellently prepared index reveals that this book covers the material most
organic chemistry laboratory teachers would want it to cover. The ex-
periments are varied and range from familiar ones to advanced research
projects. The last part of the book is a collection of 36 essays describing
the experimental operations used in the organic chemistry laboratory.
These essays will make this textbook useful as a reference after the
laboratory course is over.

The chemistry department chairman at a large state university was
quoted in the November 23, 1981, issue of Chemical and Engineering
News as saying “that real costs for chemicals and glassware have doubled
over the past 2 years and the chemistry department is used as an example
of how badly things are inflating”, Therefore, those who adopt Lehman’s
text will be pleased to find that the experiments were chosen because they
use moderate quantities of comparatively inexpensive chemicals and only
require the glassware in a typical 19/22 organic lab kit. As in most
modern laboratory manuals, safety is strongly emphasized throughout the
text and while hazardous chemicals are used in some of the experiments,

the hazards are clearly pointed out to the students.

The students in the organic chemistry laboratory course in the re-
viewer’s department have been using this laboratory textbook since the
beginning of the 1981 Fall quarter. A poll of the students finds that they
have a high opinion of the book. The teaching assistants (who are
familiar with other laboratory texts) agree that “Operational Organic
Chemistry” is excellent.

David H. Kenny, Michigan Technological University

Food Chemicals Codex. Third Edition. Committee on Codex Specifi-
cations, Food and Nutrition Board, National Research Council. National
Academy Press, Washington, D.C. 1981. xxxi + 735 pp. $45.00.

This volume provides revised and updated specifications and test
methods for the 663 food-grade substances included in the previous
edition plus 113 new entries. Infrared spectra for about 400 substances
are included, together with guidelines for “good manufacturing practice”.

This edition also contains a description of the procedures for devel-
oping and revising CODEX specifications and a tabular section of
specifications for flavor aromatic chemicals and isolates.

This latest edition should continue to be of value to a variety of food
technologists and others who have an interest in the quality and purity
of food-grade substances..

William C. Kuryla, Union Carbide Corporation



