! .
N N N N
I ]: — I I + H.NNHSR (9
N N
[ H

SR

H.NNH,

comparable'® to the SH — 4a shift. Hydrazine at concen-
trations 0.1-0.4 M at pH 7.90 had no effect on the rate of
reaction. The free radical mechanisms of eq 10 and 11 may

Ky
RS- + F,, ==RS- + F

Ky
F.w + RSH — F__ + RS- (10)
k3
2RS: — RSSR
ky k9
RSH + F,, == RS- + ¥y == RS* + F,., (11)
-1 -2

k.
RS* + RS- —> RSSR

be dismissed since the values of & ,psq On both the alkaline
and basic side (pH 5.6 and 9.8) of the bell-shaped pH-log
Kk onsa profile were found to be independent of the ratio of
oxidized to reduced I at the time of initiation of the reac-
tion. Kinetics indicative of autocatalytic processes were not
observed.

The results of a previous study? established that a given
nucleophile could add to either the 4a- or 5-position of an
isoalloxazine ring. The present results point out that both
positions may be implicated in flavin catalysis depending on
the substrate and, of course, the directional influence of the
enzyme.
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A Novel Route to Bicyclo[3.3.1]non-1-ene.
Supporting Evidence for Wiseman’s Postulate
Sir:

The failure of Bredt’s rule, as formulated in the quantita-
tive expression (“S number”’) of Fawcett, to account for dif-
ferences in strain between isomeric bridgehead olefins, e.g.,
1 and 2, represents a serious shortcoming of this numerical
approach.! In contrast, the proposal by Wiseman? that the
strain in bridgehead alkenes is closely related to the strain
of the corresponding trans cycloalkene accounts well for the
properties of known bridgehead olefins and leads to the
clear-cut prediction that the bridgehead double bond will be
more stable when it is oriented trans in the larger ring.
Thus, Z isomer 2 (trans-cyclooctene) should be more stable
than the E isomer 1 (trans-cyclohexene).

1. X = CH, 2. X = CH,
3.X =50, 4,X =80,

Support for the Wiseman postulate comes from the syn-
thesis of several “anti-Bredt” bridgehead olefins,3-¢ includ-
ing bicyclo[3.3.1]non-1-ene’~? and certain heterocyclic de-
rivatives.'®!l Except for the sulfones 3 and 4, where the
presence of £ and Z isomers was inferred from the stereo-
chemistry of Diels-Alder adducts,!9 the methods of synthe-
sis provide no information concerning the preferred geome-
try of these bridgehead olefins. A study of the thermal de-
composition of sulfoximines (8) derived from N -aminooxa-
zolidones has led to the finding that these substances ex-
trude CO,, N,, and DMSO at 90-130° with liberation of
the olefin stereospecifically (cis elimination) and in high
yield (Scheme I).!2 It was therefore of interest to apply this
olefin synthesis to £ (1) and Z (2) isomers of bicyclo-
[3.3.1]non-1-ene.

Ketoester 6 was reduced under Meerwein-Ponndorf con-
ditions to a mixture of exo (7) and endo (8) alcohols, which
were separated by gas chromatography.® The minor exo al-

Scheme 1
R,
Rial 0
+>=O 90-130 R R.
RY N\\ LN j( +CO. + N, + DMSO
N _ R, R,
\S/O
PN
Me Me
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Scheme 11

cohol 7 was augmented by conversion of the endo isomer 8
to its tosylate 9 (mp 92-95°, 99%) with tosyl chloride in
pyridine (0°, 30 hr), followed by displacement with
tetraethylammonium formate (DMF, 80°, 83 hr).!3 The re-
sulting exo formate 10 was partially saponified with
NaHCO; in MeOH (25°, 6 hr) to give after chromatogra-
phy (silica gel, hexane-ether) pure 7 in 28% yield. Treat-
ment of 7 with HyNNH,.H,0 in dioxane (sealed tube,
150-160°, 110 hr) afforded the hydrazide 11 (mp 155-
159°, 76%), which underwent nitrosation (NaNQ,, HCI)
and cyclization of the intermediate hydroxy isocyanate to
produce oxazolidone 12 (mp 121-123°; ir 3350, 1760 cm™!;
nmr § 443 (CHO,d ofd, J = 9 Hz), 6.40 (NH, broad)) in
92% yield.'* Amination of 12 vig its lithio derivative (n-
BuLi, THF) with O-(2,4-dinitrophenyl)hydroxylamine!'?
yielded 13, which was oxidized immediately with Pb(OAc)4
in DMSO to sulfoximine 14 (mp 109-110°; ir 1750 cm™!;
nmr § 3.17 (6 H),'® 4.26 (CHO, t, J = 6 Hz)."” Upon
warming 14 in DMSO to 120-130°, a brisk evolution of
CO; and N; took place with liberation of bicyclo-
[3.3.1]non-1-ene (2) in excellent yield. Distillation afforded
ca. 50% of pure 2 which was identified by comparison of its
nmr spectrum with that reported” and by formation of a
Diels-Alder adduct 15 (mp 212-214°) with 1,3-diphenyl-
5,6-dimethylisobenzofuran!® (Scheme I1).

Endo hydroxy ester 16, prepared by reduction of 6 with
NaBHy,” was transformed via a parallel sequence to that

CO.EL CO,i-Pr CONHNH,
0 R, OH
--R, -
“H
6 7.R,=0OH;R,=H 11
8 R,=H;R,=0H
9.R,=H;R,=0Ts
10, R,=0CHO;R,= H
CO,Et
H
--OH
16

described above!® to sulfoximine 17 (mp 131-132°; ir 1755
cm~!; nmr 8§ 3.20 (6 H),'*4.15 (CHO, t, J = 6 Hz). The
sulfoximine 17 was significantly more resistant to thermal
decomposition than its stereoisomer 14 and gave no trace of
bicyclo[3.3.1]non-1-ene up to 130°. At 150-160° 17 under-
went conversion in 49% yield to a single, nonpolymeric

Scheme 11
20. X = CHO
21 X =CO.H
CO.Me
LO Me
18 ~—— -—
Scheme IV

e

product identified as bicyclo[3.3.1]non-2-ene-2-carboxylic
acid (18; mp 73-77°; ir 3400-2600, 1680 cm~!; nmr 6 7.08
(I H,t,J = 6 Hz), 11.5 (1 H, broad)) by means of an inde-
pendent synthesis (Scheme III). Thus, bicyclo[3.3.1]nonan-
2-one?® upon treatment with dimethylsulfonium methyl-
ide?! gave epoxide 19 (6 2.50, 2 H, s), which was rear-
ranged to aldehyde 20 (ir 2770, 1730 cm™!; nmr 6 9.62 (1
H)) in the presence of BF;.Et;O. Oxidation of 20 (Ag.0)
afforded the corresponding carboxylic acid 21 (1710 cm™!).
Bromination of 21 (Br,, PBr3) followed by methanolysis of
the intermediate a-bromoacyl bromide?? yielded ester 22
which, without purification, was heated in quinoline at 170°
(3 hr). The resulting «S-unsaturated ester 23 (8 3.67 (3 H,
s), 7.05 (1 H, t, / = 2 Hz) was saponified to give 18,

Formation of olefins from sulfoximines of type 5 is pre-
sumed to occur via dissociation to a diazene 2423 followed
by a concerted cycloelimination (Scheme IV). The differ-
ence in behavior between sulfoximines 14 and 17 is obvious-
ly related to the rigid requirement for cis elimination in this
process'2 and the ease with which a double bond can be ac-
comodated at a bridgehead in the bicyclo[3.3.1]nonene sys-
tem. Cis elimination from exo sulfoximine 14 leads directly
to the (Z)-bicyclononene 2, whereas the corresponding se-
quence applied to 17 would lead to the more energetic £
alkene 1. Whether carboxylic acid 18 arises by trapping of
the transient (diradical ?) 1 with extruded CO, or by some
other mechanism is unclear at present. However, these re-
sults do suggest that geometrically isomeric, bridgehead
olefins may be of substantially different energy in the direc-
tion predicted by Wiseman’s hypothesis.2

—DMSO ﬁ% o X,

24
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Mechanism of Alkene Exchange Reactions
with Oxymercurials

Sir:
The reaction of a mercuric salt in a protic solvent with an
alkene affords an oxymercurial. It has recently been shown

that oxymercurials with ionic ligands undergo facile ex-
change reactions with alkenes and alkoxy and hydroxy

R'CH=CHR'
ROH. k, _—_
HgX, + RCH=CHR ——— RCH—CHR + HX _ wrod

H OR
Xg
R'CH—CHR' + ROH + RCH==CHR (1)

%-&Ig OR
groups in protic solvents'-3 (eq 1). The alkoxy exchange has
been shown? to exhibit pseudo-first-order kinetics while the
alkene exchange reaction of hydroxymercurials in aqueous
medium has been established by Halpern! to accurately
obey the rate law described in eq 2. The two terms in the

—d[RCH—CHR]/dt = £ [RCH—CHR]H*" +

Hg OH Hg OH
X

k/[RCH—CHR][R'CH=CHR'] (2

Hg OH

Py

rate law were ascribed to a reversible deoxymercuration
reaction (eq 3, OR = OH) and the formation of a covalent-
ly bonded transient bisoxymercurial intermediate (eq 4, OR
= OH). A similar mechanism for alkene exchange was con-
sidered by Pritzkow? in an extensive kinetic investigation
that also was unable to distinguish between a bimolecular
exchange mechanism or one that involved a bisoxymercu-
rial intermediate as in eq 4.

Our previous study showed that alkoxy exchange was fa-
cilitated by both protic acid and an excess of alkene in solu-
tion. To explain the rate enhancement due to the presence
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2

k
RCH—CHR + H* = RCH==CHR + HgX" +

Hg OR
X

rog JCE=CHR, p/CH—CHR' + H* + RCH=CHR (3)

fast

H OR
Xg

RCH—CHR + R'CH==CHR’ + ROH{—J--—‘

=3

Hg, OR
RCH~—Hg—CHR’
+ H*
RCH CHR’
OR OR

2

RCH==CHR + R'CH—CHR’ + ROH (4,

Hg, OR

of an alkene, we postulated a mechanism involving nucleo-
philic attack by the exchanging alkene on the mercury atom
of the oxymercurial. However, our data could not exclude
the mechanism given in eq 4. We therefore elected to use an
optically active oxymercurial in an exchange reaction with
a racemic alkene. The resulting diastereomeric transition
states involved in this exchange have afforded unequivocal
evidence that both the optically active oxymercurial and the
exchanging alkene are coordinated to the mercury in the
rate limiting step. Our experiments provide a unique mech-
anistic probe that supplements the existing kinetic data on
exchange reactions with both hydroxy-! and alkoxymercu-
rials.? We also report evidence that precludes the formation
of a bisoxymercurial (eq 4) as a major pathway in the ex-
change reaction of an alkoxymercurial.

The methoxymercuration of optically active bornylene
(1), [@]D =24°, with Hg(NO3); and HgO (1:1) in metha-
nol (16 hr) afforded the methoxymercurials 2 and 3 in a
ratio of 2 to 1.4 One equivalent of 1-octene was added and
after 1 hr at 25° 7% exchange (eq 1) had occurred afford-
ing 1 and 4 (Scheme I). The reaction was quenched by the
addition of basic NaBHy4. Optically active 1 was recovered
from the reaction mixture and the isolated 2-methoxyoc-
tane (5) had [e]D +2.0°.5 A repeat of this experiment
employing 1 and Hg(NOj3), in CH30H (2 hr) afforded 2
and 3 in the presence of 1 eqiv of HNO;.# Exchange with
1-octene (0.8 equiv) was 5-6% complete after 10 min and
the resulting methyl ether 5 had [«]D +4.2°. The optical
purity of 4% was dependent upon the reaction time since the
degenerate exchange of 1-octene with 4 resulted in loss of
optical activity. However, optical yields of § as high as 36%°
were observed when the exchange reaction was not allowed
to go to completion.

Induced asymmetry was also observed when 1 equiv of
racemic 1-phenylnorbornene (6) was added to a mixture of
2 and 3 in CH;OH. Analysis by glpc indicated that about
8% exchange has occurred in 5 min when 1 equivalent of
HNO; was present. The methoxy ethers 9 and 10 ([«]D
—0.6°) were produced in a ratio of 1 to 9.6.%8 Recovery of
the unreacted alkene 6 showed that it was also optically ac-
tive and had [@]D =1.1°,

The observation of enantiomeric enrichment of the oxy-
mercurials resulting from exchange of an alkene with opti-
cally active 2 and 3 precludes the reversible oxymercura-
tion-deoxymercuration pathway (eq 3) as being the domi-
nant exchange mechanism in good agreement with the ki-

Communications to the Editor



