5920

Cs

e As e
HCG) = 1.598 A r(CCy) = 1.431 A
HC:Cy') = 1.460 A )
r(CsCq) = (1.400 és) HCiCs) = (1.400 A)
nCHy) = (1.080 A) r(CsHz) = (1.080 A)
r(C4H4) = (1080 A) r(CsHs) = (1080 A)
LCCIGC = 54.4° £LCCiCy" = 115.8°
£CCsCy = 122.1° £CsCCs = (120.0°)
ZCCiCy' = (120.0°)
ZH GGy '12 = 158.2° £ZH,CH, = 115.7°
ZH;CsCy = 118.3° ZH,C,C; = (120.0°)
ZH;C:Cy = (120.0°)

Table I. Energy Data (kcal/mol)

Molecule STO-3G
Bridged ethylenebenzenium (V) 0
Orthogonal perpendicular ethylenebenzenium (II) 35.4
Orthogonal staggered ethylenebenzenium (I) 42.3
Planar perpendicular ethylenebenzenium (IV) 46.5
Planar staggered ethylenebenzenium (III) 48.8

the relative energies of the open ions will be lowered
some 10-15 kcal/mol by further geometric optimization
and by extension of the basis function beyond mini-
mal.'® Itis not anticipated, however, that such an effect
will alter the stated conclusions.

In this and in the preceding communication’ we have
provided two examples of the interaction of an elec-
tron-deficient center with an area rich in density. The
similarity is striking and we believe extends well beyond
our present applications.
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Solvolysis of
trans-2,2-Dimethyl-3-(2’-methylpropenyl)cyclobutyl
Tosylate. Maodel Reactions Relevant to

Squalene Biosynthesis

Sir:

The reductive coupling of farnesyl pyrophosphate to
squalene (2) proceeds through the C-30 intermediate,

presqualene pyrophosphate,! the structure of which
(1, X = OPP) now seems firmly established.*? The
rearrangement pathway 1 — 3 (or equivalent delocal-
ized species) — 4, terminated by a stereospecific hydride
transfer from NADPH (Scheme I), has been sug-

Scheme I

gested 2304 35 3 mechanism for the 1 — 2 trans-
formation.®

While this mechanism finds precedent in the re-
arrangements of cyclopropylcarbinyl compounds,® the
heterolytic reactions of frans-chrysanthemol derivatives
(1, R = CHy) in solution lead principally to ring cleav-
age products.”® In order to determine whether the
subsequent steps in Scheme I would occur in the ab-
sence of enzymatic control, we have investigated the
reactions of the C-10 cyclobutyl tosylate, 6-OTs, a
potential precursor to cation 3 (R = CHj).® The
corresponding Cj pyrophosphate has in fact been
proposed as an additional enzymic intermediate be-
tween presqualene pyrophosphate and squalene.? The
trans isomer was selected in view of the stereochemistry
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Trost, P. Conway, and J. Stanton, Chem. Commun., 1639 (1971).
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D. Poulter, et al.,J. Amer. Chem. Soc., 98, 5921 (1972).
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of 1-OPP™®-2.3 and the known stereospecificity of cyclo-
propylcarbinyl rearrangements,

Cycloaddition of dimethylketene (generated in situ
from dimethylmalonic anhydride)!! to 4-methyl-1,3-
pentadiene at 125° afforded 2,2-dimethyl-3-(2’-methyl-
propenyl)cyclobutanone (5; 60%; »max 1780 cm™!;
8 5.12(d, sept, 1 H,J = 1.5, 7 Hz), 1.75, 1.64 (d, 3 H,
J = 1.5 Hz), 1.15, 0.99 (s, 3 H)).!>'* Reduction of 5
with aluminum isopropoxide in isopropyl alcohol gave
a 40:60 mixture of 6-OH (8 5.13 (d, sept, | H, J =
1.5, 7 Hz), ~3.9 (m, 1 H), 1.07, 0.89 (s, 3 H)) and its cis
isomer 7-OH (8 5.00 (d, sept, 1 H, J = 1.5,7 Hz), ~3.7
(m, 1 H), 1.04, 0.89 (s, 3 H))!* which was converted to
a mixture of the tosylates since the epimeric alcohols
could not be separated.

Hydrolysis of 6-OTs in 9097 acetone~water (sodium
acetate buffer) afforded a mixture of the acyclic dienols
8(27%; 6500 (brt,2 H,J =7 Hz), 415 (m, 1 H),

50% acetone~

3\2070‘ M
OPNB Y\/'\/k
10—-OPNB /
90%
acetone~-H,0, 42°

M M

2.08 (brt,2 H,/J = 7 Hz), 1.8~ 15(12H))and9(55,0,
85.62(m,2H),5.03(brt,1 H,J =7 Hz), 2.62 (m, 2 H),
1.71, 1.60 (br s, 3 H), 1.21 (s, 6 H)). The cis tosylate
(mp 48-49°) proved to be much less reactive than the
trans (ke.ors**” = 4.5 X 10~* sec™!, ke.ors?® /kr.o1s*?
= 250) as expected!’® and was efficiently recovered
(95¢7) after complete hydrolysis of 6-OTs. The same
dienol mixture was formed from hydrolysis of the trans-
cyclopropylcarbinyl ester, 10-OPNB (mp 64-65°).1

(10) (a) K. B. Wiberg and G. Szeimies, J. Amer. Chem. Soc., 921
571 (1970); (b) Z. Majerski and P, von R, Schleyer, ibid., 93, 665 (1971).
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and N. S. Issacs,J. Chem. Soc. B, 830 (1970).

(12) H. Bestian and D. Giinther, Angew. Chem., Int. Ed. Engl., 2
608 (1963).

(13) All compounds gave nmr, ir, and mass spectra in accord with the
indicated structures; only key data are cited. All new compounds
except the unstable tosylates, 6-OTs and 7-OTs, gave satisfactory com-
bustion analyses.

(14) The stereochemical assignments are based upon the stereoselec-
tivity of lithium aluminum hydride reduction of 5 (6-OH/7-OH ~
1/4),1%a=¢ the nmr chemical shifts for CHOH in 6-OH and 7-OH, !
and the greater solvolytic reactivity of 6-OTs, 15a.c.e

(15) (a) K. B. Wiberg and G. L. Nelson, Tetrahedron Lett., 4385
(1969); (b) G. M. Lampman, G. D. Hager, and G. L. Couchman,
J. Org. Chem., 35, 2398 (1970); (c) C. F. Wilcox, Jr., and R. J. Engen,
Tetrahedron Lett., 2759 (1966); (d) R. Huisgen and L. A. Feiler, Chem.
Ber., 102, 3391 (1969); (e) 1. Lllien and L. Handlosser, J. Amer. Chem.
Soc., 93, 1682 (1971); (f) 1. Lllien and R. A. Doughty, ibid., 89, 155
(1967).

(16) Alcohol 9-OH was prepared from ethyl diazoacetate and 4-
methyl-1,3-pentadiene (CuSQs, 50°, 2:1 trans:cis esters, 40%) fol-
lowed by reaction with methylmagnesium iodide and column chroma-
tographic separation of the isomers. The stereochemical assignments
are based upon the chemical shift of the vinyl protons as compared to
cis- and trans-chrysanthemol and chrysanthemates (A. F. Bramwell,
L. Crombie, P. Hemesley, G. Pattenden, M. Elliott, and N. F. Janes,
Tetrahedron, 25, 1727 (1969)).
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pyndme—benzene
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Reductive solvolysis of 6-OTs in the presence of
sodium borohydride (1.6 M)V gave, in addition to the
dienols 8 and 9 (39%), the two known!® dienes 11
(349) and 12 (129%), 7-OTs again being recovered
unchanged. The identity of 11 was established by
direct comparison with an independently prepared
specimen, '® while that of 12 relies upon the corre-
spondence of its nmr spectral data with the literature
values.®®* The acyclic trienes 13 (56%; Amax 281
(57,200); 6 6.3-5.5 (m, 4 H), 1.80, 1.73 (s, 6 H)) and 14
(28S7; Amax 233 (21,800); & 6.2-4.8 (m, 3 H), 4.75
(brs, 2 H), 273 (br t, 2 H, / = 7 Hz), 1.77 (t, 3 H,
J =1 Hz), 1.70, 1.60 (br s, 3 H)) were obtained when
6-OTs was heated in pyridine-benzene,!? a transforma-
tion analogous to phytoene biosynthesis.?

The facile ring opening reactions of 6-OTs and 10-
OPNB indicate that the steps subsequent to formation
of cyclobutyl intermediate 3 are inherently favorable.
Thus, the overt functions of the enzyme(s) in Scheme I
would appear to be chiefly avoidance of the thermo-
dynamically favored ring opening of 17 and maintenance
of specificity in the final hydride transfer. We suggest
that the former function may be accomplished if the
plane of the adjacent double bond of 1-OPP is fixed
within the active site so that the = orbitals are aligned
perpendicular to the 1,2-cyclopropane bent bond.
Since allylic resonance stabilization of the incipient
positive charge would not be possible in this conforma-
tion, premature ring opening would be avoided. In
this same orientation, the = bonds are aligned parallel
to the 2,3-cyclopropane bond and may thus assist the
ring scission of 3 to 4.
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Model Studies of Terpene Biosynthesis. Cationic
Rearrangements Leading to Head-to-Head Terpenes!

Sir.
It is now evident that cyclopropylcarbinyl pyrophos-

phates are key intermediates in the biosyntheses of the
symmetric head-to-head terpenes, squalene (C;)? and
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