Although inaccessible via the double Stobbe condensa-
tion with pival aldehyde, the diester (7) could be obtained
in high yield by pyrolysis of the known sulfone 6.5 Selective
photosensitized isomerization® of 7 does not proceed quanti-
tatively, but a photostationary state can be achieved con-
sisting of 25% of isomer 8,5 which is separable by prepara-
tive TLC on silica gel. Whereas reduction of esters 7 and 9
with diisobutylaluminum hydride occurs cleanly to produce
alcohols 12 and 13, respectively, similar reduction of 8 is
accompanied by extensive rearrangement.

Isolation of diol 10 can be accomplished by preparative
TLC;!° however its NMR spectrum was found to consist of
three singlets in CDCl3, CCly, CS,, benzene-dg, and pyri-
dine-ds, due to accidental equivalence of the diastereotopic
methylene protons.'! Splitting of the terz-butyl singlet is
observed in the presence of the chiral shift reagent
Eu(tfc)s,'? indicating that 10 is chiral at room temperature,
as expected.

An estimate of the racemization barrier in ester 8 can be
made based on the temperature dependence of its NMR
spectrum measured in the presence of chiral shift reagent,
Eu(tfc)s.'> At 150° (the highest temperature attainable
using bromobenzene-ds as the solvent) the peaks corre-
sponding to the diastereomeric association complexes show
incipient coalescence, placing a lower limit of ~24 kcal/mol
on AG! for compound 8. In contrast, the isomeric ester 7
does not show evidence of diastereomeric complexes with
Eu(tfc)s at room temperature (although large pseudo-con-
tact shifts are observed), indicating that the energy barrier
for 7 is less than ~13 kcal/mol. A closer approach to the
value could not be made because of spectral broadening
which occurred as the probe temperature was decreased.

The tertiary alcohol (11) also displays only three singlets
in the NMR, and readily cyclodehydrates to the isomerized
tetrahydrofuran (14), in which all four a-methyl groups are
nonequivalent. Thermal instability of 14 precluded determi-
nation of its AG.*.

Synthesis and resolution of other systems 1, are planned.
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The Ethylation of syn- and anti-1-Phenylethane
Diazotate. Dependence of Reaction Stereochemistry on
Configuration at the Diazo Linkage!-2

Sir:
The thermolysis of nitrosoamide 1, via anti-diazo ester 2

(eq 1), and the acylation of syn-1-phenylethane diazotate
(3), via syn-diazo ester 4 (eq 2), yield 1-phenylethyl 2-na-

1
CnH;éHN("iCmH_I dio:;ne
CH; O
1
I
NOCCI0H7
s | .
CGH&(I:HN —\ (1)
CH,
2 CGH‘%E{‘HOL’CC\OHT
CH,€
N=N _/
B ~N,
CGHS(?H/ \OCC wHs: : (2)
CH,
4
CiuHCOCH / ioxane. 25"
N=N
CniHnéH/ \O_
CH,
3

phthoate in similar yields, and with comparable stereo-
chemistry (~73% overall retention).3 It was concluded that
“the stereochemistry of the diazo species is not an impor-
tant variable”.? This conclusion need not be general. The
potential carboxylate counterion is large and resonance sta-
bilized; these factors could inhibit its ability to quickly col-
lapse with 1-phenylethyl cation, and favor geometrical
equilibration of the ion pairs arising from 2 and 4.

We now report the first stereochemical studies carried
out directly on an anti-diazotate. Comparison of the ethy-
lation of anti-1-phenylethane diazotate (8) (eq 4), with that
of its syn isomer, 3 (eq 3), shows that the stereochemistry of
the diazo species is an important variable.

anti-1-Phenylethane diazotate (5) was prepared from 1-
phenylethylhydrazine,2* KOC,Hs-C,HsOH, and isoamyl
nitrite.>> Removal of volatile constituents (0.25 mmHg) af-
forded § (ir, Nujol?) free of alcohols, although isoamyloxide
(and ethoxide) must have been present. Treatment of §
(suspension in ether or solution in 15% HMPA -ether) with

Communications to the Editor



284

Table I. Stereochemical Course of Formation of 1-Phenylethy! Ethyl Ether
ap deg (temp °C)/optical purity (%) )
Reaction stereo-

Case Diazotate Conditions? Initial RNH, Derived RNHNH, Product 10 chem, % net retn

1 5 Direct, no HMPA -36.89 (23)/96.3¢ —-29.19 (25)4/96.3¢ ~17.24 (22)b/8.31S 8.638

2 5 Direct, HMPA -36.89 (23)/96.3 h ~3.54 (33)/4.06 4,22

3 5 Inverse, HMPA ~36.89 (23)/96.3 h 0.00 (22)/0.00 0.00

4 3 Direct, no HMPA/ -37.43 (22)/97.7 k ~48.43 (22)/55.6 56.9

s 3! Direct, HMPA -37.19 (24)/97.1 k ~33.35(23)/38.3 394

a Direct addition: (C,H,),0*BF, ~CH,Cl, was added to a suspension (no HMPA) or a solution (15 vol % HMPA) of diazotate in ether. In-
verse addition: the diazotate was added to the oxonium salt solution. & Neat liquid, /=1 dm. ¢ The optically pure amine has o**D —38.30°
(neat, 1 dm)."*d [a] D (¢ 1.391, benzene). € The optically pure hydrazine has [«] **D —30.3° (¢ 0.784, benzene).2.!* f Optically pure 10
has o?®D ~87.04° (neat, 1 dm).'* Control experiments showed that 10 retains 97% of its optical activity upon exposure to twofold excess
(C,H,),O7BF,~, under reaction conditions, for 12 h. g Corrected for the optical purity of the initial amine. In the 1-phenylethyl system,
amino and ethoxyl derivatives of analogous configuration exhibit identical rotational signs.'* # Not measured. { From ref 11. / CH,Cl, was
the solvent; the temperature was —40° to —20°. At +3° to +18°, 10 was formed with 53.0% net retention.!! ¥ Not applicable. ! This work.

N—=N (C:Hs):OBF._
S N (CH,)0, CHLCI,
R* 0
(HMPA), ~22° to -27°
3
N=N — N==N 3)
yd ~N . _
R* OC,H; R OC;H;
6 7 \
R*OC.H;
10
ija —OC'..’Hr
N-=N/ — N==N (4)
r R*
8 9
same T conditions
o
N=N/
R*/
5

*
(R* = C;Hs(CH;)CH-)

4 equiv of (C2Hs)3O*BF,~ in CHyCly at —22° to —27°
gave smooth nitrogen evolution (92%), complete at the end
of reagent addition (21 min). An aqueous work-up, fol-
lowed by GC isolation, afforded styrene (9.6%), 1-phenyl-
ethyl ethyl ether (10) (24%), and 1-phenylethyl isoamyl
ether (35%).% Neither 1-phenylethanol nor azoxyalkane 117
were present.

0

C¢H,(CH,)CHN==NC,H;
1

Optically active 1-phenylethylhydrazine was stereospe-
cifically prepared from 1-phenylethylamine.® converted to
59 and ethylated. Table I delineates the stereochemical
course of the ensuing 5 — 10 conversion, together with par-
allel results for the ethylation of 3.1

Alkylations 3 — 6, eq 3,'! and 5 — 8, eq 4, should be
fully stereoconservative.'® Racemization attending conver-
sions 3 — 10 and 5 — 10 can therefore be attributed to the
respective intermediate nitrogen-separated ion pairs, 7 and
9.7 Comparisons of cases 1 with 4 or 2 with 5 (Table I)
show that loss of stereochemical “memory” is 6.6 or 9.3
times greater, respectively, in conversion of 8 — 10 (via 9)
than in conversion of 6 — 10 (via 7).!° One interpretation

holds that collapse of 9 — 10 is slower than that of 7 — 10,
giving more time for “cation rotation” 2° within the former
ion pair, and hence greater racemization. This is compatible
with the greater C*-O separation?! in precursor 8 (3.5 A),
relative to 6 (2.7 A), and with an intuitive expectation of
greater interference to collapse by the interposed nitrogen
molecule in 9, relative to 7.22

Alternative, less economical interpretations are possible,
but the significant dependence of reaction stereochemistry
on diazo configuration appears definite. Why conversion 8
— 10 is so much less stereoconservative than 2 — 1-phenyl-
ethyl 2-naphthoate3-23 is presently unclear.

Note, finally, that N-alkylation of gnti-§ does not occur;
11 is not formed. This contrasts with facile formation of 11
by N-alkylation of syn-3.7-24 These results parallel the con-
trasting alkylations of sodium Z-benzaldoximate (analogue
of 3), in which only nitrones (analogues of 11) are formed,
and of sodium E-benzaldoximate (analogue of §) in which
benzaldoxime ethers (analogues of 8) are the dominant
products.?’ Steric selection of alkylation site?> may be oper-
ative in these examples.
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Evidence for Radical Intermediates in the Addition of
Tetracyanoethylene to Pentakis(methyl
isocyanide)cobalt(I)

Sir:

A number of reports of the involvement of free radicals in
reactions of both d® and d'© transition metal complexes has
recently appeared.!” The involvement of electron-transfer
steps is most probable in cases where the specific metal con-
cerned is known to undergo one-electron transfer to give a
stable complex with a d7 or d° electronic configuration.
Consequently, of the various group 8 metal complexes with
a d® electronic configuration, those of Co(I) are the most
likely to undergo a one-electron oxidation, since Co(II) is
the most commonly encountered d’ ion within this group.
Many previous studies of Co(I) reactions have stressed the
role of Co(I) as a nucleophile;® here are presented data
which suggest that outer-sphere electron-transfer may also
be involved in reactions of Co(I) complexes.

The reaction of tetracyanoethylene with
[Co(CNCH3)s][PFg] (1)? in a variety of solvents including
acetone, dichloromethane, and acetonitrile produces via eq
1 the yellow cation 2 which has been isolated as the hex-
afluorophosphate in yields of 90% (Anal. found for
C14H2CoNgPFs, C, 33.93; H, 2.49; N, 22.36. Ir (Fluo-
rolube mull) 2275, 2255, 2230 em™! (vc=n); 'H NMR
(CD3CoCD3) 7 6.26 (6 H, 2Jyu = 2.4 Hz), 6.12 (6 H,
2Jnu = 2.4 Hz). Mixing the reactants of eq 1 produced a
transient brown color. The evidence reported below suggests
that the transient arises via reaction 2, an outer sphere,
electron-transfer step and that this is followed by reaction 3
which generates the final products. Both of the products of
reaction 2—tetracyanoethylene radical anion!® and
Co(CNCH3)s2* ' —are known, isolable species. Thermo-
dynamically, the electron transfer of eq 2 is favored as dem-
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onstrated by electrochemical measurements. In acetonitrile
solution with 0.1 M (#-Bu)sNClO4 as supporting electro-
lyte and an aqueous calomel reference electrode, tetracya-
noethylene undergoes a one-electron reduction with a half-
wave potential of +0.22 V. Under similar conditions
Co(CNCH3)s* undergoes a one-electron oxidation with a
half-wave potential of +0.10 V. Cyclic voltammetry dem-
onstrates that this process is quasi-reversible with equal an-
odic and cathodic peak currents but with the peak separa-
tion of 120 mV. The identity of the electrochemical oxida-
tion product as Co(CNCH3)s2* has been established; this
complex undergoes one-electron reduction with a half-wave
potential of +0.10 V.

Co(CNCH3)s* + (CN),C=C(CN); —>
Co(CNCH;3)s2* + (NC),C=C(CN)y,~ (2)

Co(CNCH;)s2* + (NC),C=C(CN),~ —
2+ CNCH; (3)

Through the use of a flow system in conjunction with
electron spin resonance (ESR) spectroscopy it has been pos-
sible to detect the tetracyanoethylene radical anion during
reaction 1. When a 5 mM dichloromethane solution of 1
and a 5 mM dichloromethane solution of tetracyanoethyl-
ene are mixed in a flow system with a flow rate of 25 ml/
min through a tube with 3 mm i.d,, it has been possible to
detect the characteristic 11-line ESR spectrum!? (a(N) =
1.5 g) of the tetracyanoethylene radical anion. This could
only be observed under the conditions of rapid flow. When
the flow was stopped, the ESR spectrum of the radical
anion vanished. No ESR signal due to Co(CNCH;3)s2*
could be observed. The inability to observe such a signal is
not surprising in view of the low concentration and the line
width of the ESR spectrum of Co(CNCHj3)s2*. The obser-
vation of the ESR spectrum of the tetracyanoethylene radi-
cal appears to be the result of eq 1 only. Under similar cir-
cumstances the reactions of methyl isocyanide, penta-
kis(methyl isocyanide)cobalt(II), or 3 with tetracyanoethyl-
ene do not produce the tetracyanoethylene radical anion.

Finally the separate occurrence of reaction 3 has been
verified. When [Co(CNCH3)s]** and K[(NC),C=

'C(CN);]°® are mixed in acetonitrile solution 2 is formed in

greater than 85% yield.

Although tetracyanoethylene undergoes addition to a va-
riety of d® and d'® metal complexes,!? the reaction reported
here is the first in which the transient appearance of radi-
cals has been observed. By way of comparison the addition
of tetracyanoethylene to Rh(CNR)4* has been examined;
products analogous to 2 are formed.'> However, no evi-
dence for paramagnetic intermediates has been found and
electrochemical examination of these and other Rh(I) com-
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