the calculated shifts are only about 25% of the observed
shifts. Elimination of the discrepancies requires an unrealis-
tically high dome angle, ~35°. Dome angles less than 19°
produce corresponding smaller shifts. Perutz’ estimate
(0.75 A)? of the iron-to-mean heme plane displacement in
deoxyhemoglobin requires a dome angle of 19° if the Fe-N
bond length is 2.086 A as suggested!! for high-spin Fe(II).
In the single available high-spin Fe(II) porphyrin X-ray
crystal structure,!! both the displacement and the dome
angle are somewhat lower, 0.55 A and 7°, respectively. The
significance of this difference is currently under debate.!!12
In any event, it is most unlikely that the actual dome angle
in deoxyhemoglobin is much larger than 19°.

We found that the observed shifts can be satisfactorily
reproduced if, in the 19° domed structure, small alterations
were made in the force field, consistent with Hiickel molec-
ular orbital calculations (to be published elsewhere) of the
changes in =-bond order on doming, resulting from de-
creased 7 overlap at the methine bridges. These changes,
amounting to 2-5%, were translated into force constant
changes (AKc,c; = 0.1, AKc,n = 0.1, AKc,c,, = —0.2,
and AKcyc, = —0.1 mdyn/A), using Gordy’s relation.!3 In
addition the C,C,N bending force constant was reduced by
0.2 mdyn/A. No attempt was made to refine these force
constant changes, and the similarity of the patterns of ob-
served and calculated frequency shifts lends strong support
to the view that spin-state effects on the resonance Raman
spectra are largely the result of disruption of the porphyrin
7 conjugation brought about by doming.

It is of interest that the ~1375 cm™! oxidation-state
marker band3®!5 is shifted to higher frequency by the kine-
matic effects of doming but to lower frequency by the
change in force field. Thus its essential invariance (i.e.,
1362 cm™! in cytochrome ¢ and 1358 cm™! in deoxyhemo-
globin) to changes in spin state appears to result from effec-
tive cancellation of kinematic and force-field effects. This
mode, which produces the strongest Raman feature in reso-
nance with the Soret band,3"!6 had previously been assig-
ned3®.!7 to C-N stretching. In fact it involves bonds in the
outermost part of the porphyrin ring.

While further calculations are needed to explore alterna-
tive plausible force-field variations, it is encouraging that
the preliminary calculations have yielded straightforward
results: (1) a simple force field fits the porphyrin-ring
frequencies with good accuracy; (2) the kinematic conse-
quences of doming, while not negligible, are relatively
small; (3) the frequency shifts associated with conversion of
low-spin to high-spin heme proteins can be reproduced with
force-field changes that are plausibly related to changes in
electronic structure.
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A New Reaction. Stereospecific Vicinal Oxyamination
of Olefins by Alkyl Imido Osmium Compounds

Sir:
During our studies on the oxygen atom transfer chemis-
try of transition metal oxocompounds (1) with olefins, it oc-

curred to us that similar reactions might take place with the
nitrogen (2) and carbon (3) analogs of the oxo species. The

R R_ _R
o N N
I | I
M M M
1 2 3

transition metal oxo compounds which react with olefins
are typically d° substances having from two to four oxo
groups. Cis dihydroxylation of olefins to form vicinal diols
is a unique reaction of these oxidants (eq 1). We report here
the first example of an aza analog of this transformation

(eq 2).

/O R /O R HO R
M\O + ( —_ M\ ): —_ :( (1)
R O R HO R

, R R’

-N/R R N/ R \N R
No N

R 0 R HO R

2

The only known d° alkyl imido transition metal species

are compounds of vanadium' and osmium.2 In the case of

vanadium the compounds have the general structure §, and

in the case of osmium only the single substance 6a has been

described.? In addition to the known zert-butyl imido com-

pound 6a, we have prepared the new adamanty! derivative

6b. Both were synthesized in about 90% yield by treating

the amine with OsO4 in olefin-free pentane.? We were

pleased to find that both imido reagents 6a and 6b react
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Table 1
% yielda
Olefin Amino alcohol/ amino alcohol % yield? diol Solvent
OH
X ~3b 40c CH,Cl,
H
X 62 6 CH,Cl,
1-Decene /\/\/\/Y\?I}i 89 <1 Pyridine
HO 781 <1 Pyridine
e, Y Cut, KN 82 <1 CH,CI,
OH
HN X !
20 50 (threo) CH,Cl1
£-5-Decene /\/YK/\/ >95 <3 Pyridine
HO
5%
HY 0 53 CH,CL,
Z-5-Decene /\/Yk/\/ 0 54 (erythro)e CH,CY,
25 42 Pyridine
HO
37h Trace CH,Cl,
52 <1 1-BuOH
Styrene @—(\NX 64 <1 THF
o H 92 <1 Pyridine
74¢,8 Pyridine
©_< W x 93 <1 CH,CI
N 21z
3 on H
g
N. 62¢ CH,CI1
©_< dl/l\/ \adamantyl .
Q{/OMG Yy OMe 0 78¢ CH,Cl,
38 45 Pyridine
HO
Cyclohexene 85¢ Pyridine

aGLPC yield unless otherwise noted. All reactions were run with reagent 6a as described for styrene on a 0.3—0.4 mmol scale unless other-
wise noted. b As amino acetate. € As diacetate. dStereochemistry not determined. ¢Isolated yield. fAll new compounds have been adequately
characterized by spectral data and in most cases by analytical data. §MP 87—88°; 1it.* 86—87°. #The low vield of product is believed to be
caused by olefin polymerization and cleavage. ! Bisulfite workup. /Oxidized with reagent 6b. ¥Cis geometry assigned because product was

not identical with trans isomer prepared from cyclohexene oxide.

with a variety of olefins to afford, after reductive cleavage
of the osmate esters, vicinal amino alcohols in fair to excel-
lent yields (Table I).

X 0
~
X—>V=NY O%Os=NR
X 0”
5 6a, R=1¢Bu

b, R = I-adamantyl

The stereochemistry of the addition was established to be
cis by reaction of 6a with the stereospecifically deuterated*
1-decene 7 which, after hydrolysis and derivitization, af-
forded the carbamate 8 (see Scheme I). The authentic di-
astereomer 9 was prepared as indicated from olefin 7; deu-
terium decoupled '"H NMR spectra revealed that 8 con-
tained less than 5% of its diastereomer 9.

In all cases investigated to date, we have found that re-
agents 6 always form the new carbon-nitrogen bond at the
least substituted carbon. The complete regiospecificity of
the oxyamination of 1-decene was demonstrated by synthe-
sizing the isomer 10° (R = n-CgHj7); 10 and 11 separate
readily on GLPC and are distinguishable by TLC.

As revealed in Table I most of the reactions have been
carried out in methylene chloride as solvent. More recently
we have found that both the ratio of amino alcohol:diol and
the rate of these reactions are increased by employing bet-

Scheme [
0
H L 6a, CHCL
D 2 LAH. Et0 OJLNX
7 3. 1,0, “OH __> é
R 4. carbonyl- H D
H diimidazole R H
7 (CDI) 8
1. MCPBA. CHC, 0
9. +NHLi, THF, & JL X
3. CDL, THF 0~ N
R D
9

ter coordinating solvents such as tetrahydrofuran and espe-
cially pyridine (see Table I). Thus this new reaction resem-
bles that of OsO4 with olefins for which pyridine is also the
solvent of choice.

The following example describes a reaction carried out in
pyridine; however, a similar procedure was used for reac-

Y. _H HO
N
. )\/OH R/k/N%

10 1
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Table 11

Olefin Relative ratea

Z-5-decene

Citronellol methyl ether

2-Methyl-1-tridecene

E-5-Decene

1-Undecene

Styrene 1

— WO

aRates determined by competition'' for reagent 6a in methylene
chloride.

tions run in methylene chloride. To a solution of reagent 6a
(1.71 g, 5.54 mmol) dissolved in 50 ml of distilled pyridine
(CaH3y) in a 500-ml round bottom at room temperature)
was added 0.563 g (5.4 mmol) of styrene with stirring. The
solution, initially burgundy red, became brownish black and
opaque within 30 sec. Stirring was continued for 15 hr after
which time the pyridine was removed® under high vacuum
at room temperature. The black residue was dissolved in
250 ml of dry Et;O and the flask was cooled in an ice bath
and maintained under Nj. Excess LAH (2.44 g) was added
slowly over a 5-min period with stirring. The brownish
black mixture was allowed to warm to room temperature.
Within 1 hr the heterogeneous mixture was tan colored.
Stirring was continued for an additional hour. Dry ether,
100 ml, was added and the flask was cooled in an ice bath
under N». The standard LAH workup of Miéovi¢” was
used. Rapid stirring was necessary and on occasion more
ether was added to maintain stirring. The powdery precipi-
tate was stirred for 1 hr before filtration. The filtrate was
concentrated at reduced pressure yielding a brownish yel-
low oil. The product was bulb-to-bulb distilled (55°, 0.015
mm) affording a clear oil which upon crystallization from
hexanes gave 0.772 mg (74%) of white crystals mp 87-
88°C (lit.® 86-87°).

In Table II are given the relative rates for the reaction of
the tert-butyl imido osmium reagent 6a with several differ-
ent olefins. The monosubstituted olefins react faster than
the di- and trisubstituted olefins. As far as we know this is
the only oxidant which has been reported!? to exhibit this
unusual selectivity. Even osmium tetroxide reacts faster
with golysubstituted olefins than with monosubstituted ole-
fins.!

One of the most remarkable aspects of this reaction is the
preference exhibited by the trioxoalkyl imido reagents 6 for
delivery of the nitrogen to one of the olefinic carbons. This
reaction path would appear to be disfavored by the steric
hindrance in the vicinity of the nitrogen produced by the
tertiary alkyl substituents. This steric effect has prompted
present efforts toward synthesis of analogs of 6 bearing
smaller R groups. Such derivatives should allow formation
of amino alcohals even with the more hindered olefins
which presently give mainly diol with reagent 6a. The vici-
nal oxyamination described here is the first instance of a ni-
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trogen atom transfer which is directly related to the corre-
sponding oxygen atom transfer process. Rather than being
an isolated curiosity, we believe that it may be the first ex-
ample of a new class of reactions wherein alkyl imido re-
agents (2), and perhaps also ylid reagents (3),° perform a
variety of useful synthetic transformations analogous to
those already known for oxoreagents (1).
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(Ao apd (B)o are the initial number of milimoles of olefins A and 8, re-
s?efpnvely. (A)e and (B)c are the number of miilimoles consumed of the
olefins. :
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