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X -
é_ —> olefin + X=C\
\
14

X=0,8N

property exclusive to three-membered ring compounds. The
detailed mechanism of the a-fragmentation will be dis-
cussed in a full paper in the near future.’
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Nucleophilic Substitution at Phosphorus in Tertiary
Phosphines. Inversion of Configuration!
Sir:

A number of groups have studied nucleophilic substitu-
tion at phosphorus? in which the phosphorus atom is tetra-
coordinated (e.g., phosphonium salts,> phosphinate esters,?
and phosphine oxides’), tricoordinated,® and pentacoordi-
nated.” With few exceptions3® the stereochemical course of
the substitution has been inversion of configuration at phos-
phorus.?2-34 Nucleophilic substitution at phosphorus (SNP)
in tertiary phosphines (carbon leaving group) has been
mentioned only in passing.®

We have recently reported® that treatment of tertiary
phosphines with alkyllithium reagents, depending upon the
medium employed, can lead to SNP which is quite competi-
tive with deprotonation (e.g., 1 gives 1.7 times more substi-
tution than deprotonation in THF (eq 1). To our knowledge

1, n=-BuLi~-THF
Ph,PMe — > Ph,PCH,D + PhP(n-Bu)Me (1)

1 2 ]0).250111'. room temp 19% 31%
the only study of the stereochemical course of nucleophilic
substitution at tricoordinate phosphorus showed that dis-
placement of chloride ion from 1-chloro-2,2,3,4,4-pentam-
ethylphosphetan by methoxide ion and benzylamine occurs
with inversion of configuration at phosphorus.'® The SNP
process in noncyclic phosphines raised the intéresting mech-
anistic question concerning the nature of the nucleophilic
attack on phosphorus. It was conceivable that it could be a
direct backside attack (SNF2, 2 is a transition state), or ad-
dition-elimination (2 is an intermediate), possibly allowing
racemization or retention3® via pseudorotation, or a front-
side attack (known in silicon chemistry!!). To probe this
question we synthesized (+)-(R)p-benzylmethylphenyl-
phosphine (5) via the (—)-menthol ester (3a)4? according to
Mislow!? as outlined in Scheme I. Phosphine 5 ([a]D?
+105° (¢ 3.00, CsHsCH3), lit.!2 [«]D +81°) was obtained
with an enantiomeric excess (ee) =95%, as determined by
comparison of the NMR spectrum of the phosphonium salt
obtained from (+4)-5 and (—)-(R)-1-bromo-2-phenyl-2-
methoxyethane (8),%13 with that obtained from (+)-5 and
8.14 Phosphine (+)-(S)p-7 ([2]D? + 20.3° (¢ 2.82, C¢Hg))
had 92% ee as determined by the NMR spectra of the phos-
phonium salts ((+)-7 + (—)-8 and (£)-7 + (—)-8).! Opti-
cally active phosphine 7 has been reported,!6 but no optical
rotation data were given. Phosphine (—)-(S)p-9!7 was ob-
tained from (+)-(R)p-5 (vide infra).

Phosphine (+)-(R)p-5 was subjected to nucleophilic sub-
stitution conditions to probe the stereochemistry of the sub-
stitution process. Since it was known® that the medium can
drastically affect the reaction, this was investigated first
(Table I). The addition of N,N,N’,N’-tetramethylethyl-
enediamine (TMEDA) enhances SNP in less polar solvents
for both nucleophiles. The effect is not nearly as pro-
nounced as with 1 as substrate,” however, presumably be-
cause benzyl anion is a much better leaving group. The

Scheme I°
0 0
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Table I. Yield of Nucleophilic Substitution by Butyllithium at
Phosphorus in (+)-(R)p-5 as a Function of Reaction Medium?
n-Buli, t-Buli,
Medium yield 7 (%) yield 9 (%)
THF 39 14
THF-TMEDA 38 16
Et,0 21 3
Et,0-TMEDA 50 73
CH,, 0 2
CH,,~TMEDA 77 76

2 The following standard conditions were used: {§] ~0.05 to 0.1
M; Buli introduced as ~1.7 }f solution in hydrocarbon solvent in
nine- to tenfold excess; the reaction was run for 0.50 hr at room
temperature, quenched with water, and analyzed by GLPC, using
n-C,H,, as internal standard; TMEDA:BuLi = 1:1 mole ratio.

TMEDA probably functions as a deag o iting agent,!®
generating a more nucleophilic anion ana a lithium ion
more available (than in the aggregates) to participate in the
transition state.’

When (+)-(R)p-5 was treated with n-BuLi (1.0 g, 4.7
mmol) in THF (conditions as in the footnote of Table I) the
lower boiling phosphine 7 was isolated in 18% yield, [a]D?*
+14.5° (¢ 2.79, C¢Hg), indicating a minimum 66% ee and
maximum racemization of 12% (assuming 95% ee in (+)-
5). The sample contained considerable amounts of low boil-
ing impurities (most of which could be traced back to the
Bul.i solution), however, as determined by GLPC. A much
better indication of optic | purity was obtained from the
NMR spectrum of the phosphonium salt of this phosphine
and (—)-8,!% which indicated per cent ee at least as great as
that of authentic (+)-(S)p-7 obtained as shown in Scheme
I. A similar run using n-BuLi in Et;,O-TMEDA with (+)-5
gave 7 in 28% isolated yield, [a]D?5 +17.2° (¢ 6.79, CsHs)
(minimum 78% ee, maximum racemization 8%). Again the
NMR spectrum of the phosphonium salt from (—)-8 indi-
cated ee at least as large as authentic (+)-7. Treatment of
(+)-(R)p-5 with z-BuLi in Et;O-TMEDA allowed the iso-
lation of 9 (29%)'7 with a minimum of 71% ee and maxi-
mum of 11% racemization. As with 7, the NMR spectrum
of the phosphonium salt from (—)-8 indicated =95% ee.

These data are consistent with SNP occurring with com-
plete inversion of configuration at phosphorus, within ex-
perimental error. Although the medium and nucleophile
have a marked effect on the amount of SNP which occurs,
these factors apparently do not affect the stereochemical
course of the reaction. It is not possible to rule out 2 as an
intermediate!® rather than a transition state; however, it
can be concluded that if 2 is an intermediate, the barrier to
pseudorotation in this hypervalent anion’ is high enough
that racemization does not occur during its lifetime.
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Biosynthesis of Cephalotaxus Alkaloids. I. Novel
Mode of Tyrosine Incorporation into Cephalotaxine
Sir:

Conifers of the genus Cephalotaxus contain a group of
unusual alkaloids, the most abundant of which is cephalo-
taxine (1) whose structure and absolute stereochemistry
have been determined by X-ray analysis.! In C. harringto-
nia, 1 is accompanied by a number of minor alkaloids, in-
cluding some cephalotaxine derivatives with potent antileu-
kemig activity,? and several alkaloids of the homoerythrina
type.

The presence of homoerythrina alkaloids such as 3-epi-
schelhammericine (2) in Cephalotaxus has led to the pro-
posal? that both cephalotaxine and the homoerythrina bases
may arise from a l-phenethyl-1,2,3,4-tetrahydroisoquino-
line derivative (3) via oxidative phenolic coupling. If 3 were

Scheme 1

O/'\T/COOH
HO NH
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