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Treatment of this compound with 5 N hydrochloric acid in
ethanol yielded a red, erystalline product, mp >300°.

Anal. Caled for empirical formula CpH; NO;: C, 75.94;
H, 4.46; N, 4.43; O, 15.18. Found: C, 75.81; H, 4.44;
N, 4.35; 0,15.24. ;

Registry No.—1a, 23265-38-5; 1b, 23265-39-6; 1b
formate, 23282-25-9; lc, 23265-40-9; 2a, 23265-41-0;
2a formate, 23282-31-7; 2a perchlorate, 23265-43-2;
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2b, 23265-42-1; 2¢, 23282-32-8; 2d, 23265-44-3; 2e,
23265-45-4; 3a, 23265-46-5; 3b, 23265-47-6; 3c,
23265-48-7.
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Two examples of double addition of bisdiazo ketones to olefinic bonds are described. Addition of 1,4-bisdiazo-

2,3-butanedione (1) to cyclohexene afforded the exo~di(7-norcaryl)ethanedione (2).
bisdiazo ketone 8 yielded the isomeric spiro diketones 10 and 11.

this novel spiro system are discussed.

a-Ketocarbenes generated by the copper-catalyzed
decomposition of diazo ketones have been found to react
with olefins to produce cyclopropanes. Both inter-

molecular’—® and intramoleculart—® additions have

been reported.

Recently we initiated the study of the corresponding
reactions of bisdiazo ketones which do not appear to
have been investigated. In the present paper we
describe two cases in which double addition of inter-
mediate bisketocarbenes to olefiniec bonds oceurred.

Decomposition of 1,4-bisdiazo-2,3-butanedione (1)
in boiling cyclohexene in the presence of anhydrous
copper sulfate afforded the exo-di(7-norcaryl)ethane-
dione 2 in low yield.

NHCCOCOCHN, 55—
1
H_ COH
H,0,
CD‘COCO—@ = “H
H
2 3

The presence of an a-diketone system was demon-
strated by formation of the corresponding quinoxaline
derivative. The low carbonyl frequency (1680 cm—?)
observed in the infrared spectrum of 2 indicates a
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Catalytic decomposition of
Nmr spectral properties and some reactions of

significant conjugative overlap between the eyelopro-
pane rings and the adjacent carbonyl groups, pre-
sumably enhanced by a preferred geometry of the
molecule with respeet to the pertinent groups. Con-
jugative ability of the electron-rich cyclopropane ring
has been observed for many years by infrared and
ultraviolet spectroscopy. %1

The ero configuration was proved by oxidation of 2
with alkaline hydrogen peroxide, affording the exo
isomer of norcarane-7-carboxylic acid (3).'"*® Thus
the configuration agrees with previous experience
concerning copper-catalyzed decomposition of ethyl
diazoacetate in the presence of olefins. Here also
addition favored the formation of the less hindered exo
product, "%

Nmr data also support the exo configuration. It has
been shown?! that in a-cyclopropylearbonyl com-
pounds the cis ring protons with respect to the carbonyl
group are shifted to low fleld. This should obtain in
all exo isomers of a norecaryl system adjacent to a car-
bonyl group. (In the exo isomer the ecarbonyl group is
located trans to the cyclohexane ring.) Indeed, for 2
and 3 no proton resonance has been observed at § values
lower than 1.17 and 1.10 ppm, respectively. Similarly,
in methyl norcaryl ketone 4 no proton resonance has

N (:D—CHOH—CHOH—@

5
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H
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been reported at & values less than 1 ppm.?? Sodium
borohydride reduction of 2 afforded the diol 5, the nmr
spectrum of which exhibited a broad six-proton multi-
plet at high field (8 0.4-1.0 ppm) as expected for the
cyclopropyl protons once the ‘““carbonyl effect” present
in 2 has been removed.

In order to study the case of intramolecular cycliza-
tion, the bisdiazo ketone 8 was prepared by the addition
of diazomethane to diallyl malonyl chloride 7 obtained
from the corresponding acid 6 with oxalyl chloride.

_COH _coal
(CH=CHCH)C  — (CH=CHCH).C  —
COH cocl
6 7
CH,~CHCH,__COCHN,
AN
N,CHCO”  CH,CH=—CH,
8

The decomposition of the bisdiazo ketone 8 was then
investigated under varying conditions of temperature,
solvent, and catalyst. In each case two isomeric
crystalline products, A (mp 154°) and B (mp 118°),
were isolated, representing two of the three theoretically

possible stereoisomers, 9, 10, and 11, The distribution
A% P

0

1

of isomers A and B in the crude reaction mixture was
analyzed by glpe and is summarized in Table I.

Tapre 1
DrcoMPOSITION OF 8 UNDER DIFFERENT CONDITIONS

A + By
Catalyst Temp, °C Solvent %% A, % B, %
CuS0, 100 Dioxane 15 67 33
Pd complex 5-15 Dioxane 35 86 14
Pd complex 5~13 THF 24 85 15
Pd complex 5-15 Ether 22 85 15
Pd complex 5-15 Benzene 23 74 26

The higher yields obtained by using the =-allylic
palladium chloride complex 122% instead of CuSO, are
presumably due to the milder conditions necessary to
effect decomposition with this complex,?* lessening
concurrent polymer formation.

H\ / o N C/H

A NPENPZAN
g’ Pd No—g

NN

H/ \H Ny

12

Although the infrared and ultraviolet spectra of the
spiro diketones A and B are similar the striking dif-
ference observed in their nmr spectra permitted
establishment of their relative configuration.

(22) J. L. Pierre and P. Arnaud, Bull. Soc. Chim. Fr,, 1040 (1968).
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Both compounds showed two distinct carbonyl
stretching bands in their infrared spectra (see Experi-
mental Section). In the ultraviolet region both A and
B had a maximum at 280 nm (¢ 96 and 127, respec-
tively). Similarly, a high ¢ value (121) was found for
the n — #* transition band of the spiro ketone 132 in
contrast to the low ¢ values of 13, 22, and 24 observed
for cyclopentanone and two related monoketones, 14
and 15. The effect was discussed by Cram for the

(6] OH
(0] 8] O
13 14 15
Hp “He Hy m, | M
0 0
16 17

diketone 13,% where the = orbitals of two apparently
nonconjugated chromophores appear to interact
because they are held in rigid proximity, although
orthogonal to one another. Considering the ¢ values of
57 and 46 reported for the bicyclo ketones 1622 gnd
17,%0 the values of 96 for compound A and 127 for B ap-
pear to be normal (double the value for a single car-
bonyl chromophore). Consequently, our spiro ketones
do not obey the “spiro conjugation’ effect discussed re-
cently for interactions observed between p-orbital sys-
tems (olefins and oxygen or nitrogen lone-pair electrons)
in numerous spiro compounds.?” The already existing
conjugation in the a-cyclopropyl ketone system pre-
sumably overhelms this spiro effect.

It is important to recognize the difference in the
symmetry properties of 9, 10, and 11. Since 10 lacks
any symmetry element, it is asymmetric. Both 9 and
11 have one twofold symmetry axis (C;) and are there-
fore dissymmetric. This symmetry difference must be
reflected also in the corresponding nmr spectra, permit-
ting structural assignments to be made for the isomers
actually isolated, A and B, provided that one of them is
10. Indeed, the spectra of both A and B exhibited
four distinet multiplets, integrated for an even-num-
bered distribution of protons only in the case of A but
not in that of B (vide infra). Isomer B must therefore
be the asymmetric 10. In order to decide whether the
major product A is 9 or 11, its nmr spectrum was
compared with those of the bicyclo[3.1.0 Jhexan-2-ones
16 and 17, in which H, and Hjz have been reported to
resonate as multiplets at & 0.8-1.3 and 0.6-1.5 ppm,
respectively.?” In the spectrum of A there were four
distinet multiplets centered at 6 0.72 (2 H), 1.22 (2 H),
1.98 (6 H), and 2.54 ppm (2 H). The two upfield
multiplets, corresponding to the geminal eyclopropyl
protons, appear in a range similar to that of the corre-
sponding methylene signals in both model compounds
16 and 17. This close accord would be expected only
for structure 11, where the geminal e¢yclopropyl protons

(25) D.J.Cram and H. SBteinberg, J. Amer. Chem. Soc., T6, 2753 (1954).

(26) (a) E. M, Kosower and M, Ito, Proc. Chem. Soc., 25 (1962); (b) O.
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(1988).
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TasLu IT
CovrriNg CONSTANTS? FOR SOME
3,3"-SeiroB1(BIOYOLO[3.1.0]HEXANE) DERIVATIVES

JBa,Bﬁ
Compd Jopag Jugug Jugsg Jiaus  Jogug  Jegag  Jeang Jeaeg
10 56 13.0 1.5 e 4,5 3.5
11 5.5 13.0 1.5 Ve 4.5 3.5
22 4,5 5.0 30 13.0 ... 8.0 5.0 5.0
23 5.0 5.5 13.0
34 5.0 5.5 13.0 1.5

2 Reported in hertz,

would not experience any additional anisotropic effects
of the distant carbonyl group. (Compare, for example,
the relative locations of Hy, and the Gy carbonyl group
inI.) On the other hand, both endo methylene protons

of the eyclopropyl rings in 9 are located in close proxim-
ity to the carbonyl groups (see 9), and their chemical
shifts would be expected to differ significantly from
those observed in the model compounds 16 and 17.
These assumptions are confirmed by the nmr spectrum
of the asymmetric isomer B (10), which indeed combines
the characteristic configurations of both 9 and 11
(vide infra).

The assignment of the geminal cyclopropyl protons
was made on the basis of the order J s > J ransy €5tab-
lished for vicinal coupling constants in cyclopropane
derivatives.!%-% Consequently, the narrower mul-
tiplet (W, = 13 Hz) at highest fleld (6 0.72 ppm)
represents the magnetically equivalent endo protons
Hg, and He, (see I) appearing as a six-line pattern
present in an unsymmetrical triplet. The broader
multiplet (W, = 24 Hz) centered at § 1.22 ppm
corresponds to the resonance of the exo protons Heg and
Hes. An unsymmetrical doublet of quartets repre-
sents the protons Hys and Hyg, with a splitting pattern
corresponding to coupling of Hs with the protons Hy,,
H;s and Hee.  (Owing to the symmetry of the molecule,
Hyp is similarly coupled to Hy,, Hy and Hesg.)
The coupling constants obtained from the spectrum
and confirmed by double-irradiation experiments are
summarized in Table I1.

The nmyr spectrum of the isomer B consisted of four
multiplets centered at § 0.89 (1 H), 1.20 (2 H), 2.00
(8 H), and 2.96 ppm (1 H). The integration, compared
with the integration values of isomer A (vide supra),
suggests that isomer B has the asymmetri¢ configura-
tion shown in II. Here, in contrast to the symmetric
molecule (1), one eyclopropyl group is inverted. This
change in the relative configuration of one cyclopropane
ring eliminates the anisotropic shielding effect of this
ring® -3¢ on Hys which exists in the symmetric molecule.

(28) J. G. Traynham, J. 8, Dehn, and E, E. Green, J. Org. Chem., 88,
2587 (1968).

(29) W. G. Dauben and W. T. Wipke, ¢bid., 82, 2976 (1967).
(80) D, L, Muck and E. R. Wilson, 1bid., 88, 419 (1968).
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This proton, now affected only by the anisotropic
effect of the Cy carbonyl group, is shifted downfield
(from 2.54 to 296 ppm). Simultaneously, Huyg,
located in the shielding volume above the plane of both
eyclopropyl rings, undergoes an upfield shift into the
area of the complex multiplet centered at & 2.00 ppm.
The endo proton Hg,, affected by the C, earbonyl
group, is shifted downfield, leaving 2 one-proton
multiplet at highest field (5 0.89 ppm) corresponding to
He,..

A different product, 18, has been isolated from the
reaction mixture of the copper-catalyzed decomposition
of 8 in hydrocarbons (hexane, cyclohexane, or benzene)
rather than dioxane. The structure of 18 was sub-
stantiated by elemental analysis and spectral data.
The relative configuration of the cyclopropane ring was

0

) Ho.
I.BH H0,85 ) 13
18
Q Q
t“M T
—Hzg3 —Meg 15

19 20

determined from the chemical shifts of the geminal
cyclopropyl protons, which appeared in the range
similar to that for the corresponding methylene signals
of 11. For the relative configuration of the methyl
group and the vinylic hydrogen, support has been
found in nmr data reported for compounds 18 and 19,%
Compound 18 cannot result from rearrangement of A
or B, since, when both were refluxed in benzene in the
presence of copper sulfate, work-up of the solutions
gave only recovered starting material. A monocyclized
intermediate such as 21 may serve as a common
precursor for all three compounds, 10, 11, and 18.

_COCHN, '
CH,CH=CH,
0
21

Reduction of 11 with sodium borohydride afforded a
mixture of neutral and acidic fractions. The neutral
fraction consisted of two of the three stereochemically
possible diols 22, 23, and 24 separated by chromatog-
raphy or, alternatively, by preparative glpe of the
corresponding trimethylsilyl ethers followed by hydroly-
sis.

(31) D. J. Patel, M. E. H, Howdan, and J. D. Roberts, J, Amer. Chem.
Soc., 85, 3218 (1963).

(32) 8. Forgen and T. Norin, Tetrahedron Lett., 2845 (1964).

(33) H. Prinzbach, H, Hagemann, J. H, Hartenstein, and R. Kitzing,
Chem. Ber., 98, 2201 (1965).

(34) K. Tori and K. Kitahonoki, J. Amer, Chem. Soc., 87, 386 (1965).
(35) H. N. A, Al-Jallo and E. 8., Waight, J. Chem. Soc., B, 73 (1966).
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Metal hydride reduction of conjugated cyclopropyl
ketones has been shown to give (in over 909, yield) the
isomer in which the hydroxyl and cyclopropane groups
are ¢18,%%:%7

The two isomeric diols were obtained in a ratio of ca.
85:15, and it is reasonable to assume that in the major
product (mp 171°) each set of hydroxyl group and
eyclopropyl ring are in the cis orientation, as depicted in
22. 'This assumption was confirmed by the nmr data.
The presence of a clearly resolved doublet in pyridine-
ds at 5 4.88 ppm (2 H, J = 4.5 Hz) attributed to the
tertiary protons Hys and Hy/s supports symmetrical
disposition of the two hydroxyl groups about the C,
axis, a feature absent in 23, The splitting of the ab-
sorption of these hydrogens is reasonably explained as
resulting from coupling with the ¢is protons His and
His. Although the hydroxyls in 24 are also sym-
metrically disposed and are thus magnetically equiva~

lent, Hs, and Ha, would be expected to appear as a
singlet. This expectation is based on the observation in
models that the relevant dihedral angles (Hz,~C-C-Hip
and H;.,—C-C-Hig) approximate 90° and therefore no
spin-spin coupling should be observed.?®

The asymmetric structure 23 has been assigned to the
minor component, a liquid diol characterized as its
bis-p-nitrobenzoate. Its nmr spectrum in CDCl;
exhibited a one-proton doublet at § 4.82 ppm (J = 5
Hz) and a one-proton singlet at § 3.77 ppm correspond-
ing to Hog and Ha,, respectively. Both protons differ
in chemical shifts from that of the corresponding
tertiary protons in the diol 22. Presumably, this
difference may be accounted for by the Hys resonance
undergoing a paramagnetic shift owing to the neighbor-
ing Carg hydroxyl;#:3%4 the H,,, proton lies in the

(36) J. R, Williams and H. Ziffer, Tetrahedron, 24, 6725 (1968).

(87) M. Hanack and H. Allmendiger, Chem. Ber., 9T, 1669 (1964).

(38) I. Fleming and D. H, Williams, ‘‘Spectroscopic Methods in Organic
Chemistry,” McGraw-Hill Book Co,, Ine., London, 1966, pp 104, 105,

(39) J. Tadanier, J. Org, Chem., 81, 2124 (1966).

(40) N. 8. Bhacea and D, H, Williams, '“Applications of NMR Spectros-
eopy in Organic Chemistry,” Holden-Day, Ine., San Francisco, Calif,,
1964, pp 20, 21.
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shielding area of the neighboring cyclopropyl group.*
The lesser symmetry of 23 is further supported by the
fact that, in contradietion to the magnetic equivalence
of Hig and Hypgin 22, in 23 only Hy is affected by the
C, hydroxyl group, which resonated separately at &
2.40 ppm (quartet, 1 H, Jogee = 13 Hz, Jupss = 5
Hz). The Hys resonance was shifted to higher field
into a seven-proton multiplet at & 1.1-1.8 ppm (Hyg,
Hl'ﬂ’ H5I3? H5'/97 H4a; H4’a7 and H4ﬁ)'

The infrared spectra of the two diastereoisomeric
diols 22 and 23 in the OH stretching region furnished
further support for the above configurational assign-
ment. The infrared spectrum of 22 exhibited a sharp
band at 3595 em~! and a broad one at 3415 em—!, At
low concentration the broad (intermolecular) band
disappears. The diol 23 also showed two infrared
bands, at 3570 and 3470 cm—!, but they remain rela-
tively unchanged even at low concentration. The
geometry of 22, with trans hydroxyl groups, permits no
intramolecular hydrogen bonding. In the isomer 23,
however, intramolecular bonding may exist owing to
the relative proximity of the hydroxyl groups.4*43

The acidic fraction, obtained as a by-produect,
consisted of a mixture of two isomeric hydroxy acids,
one of them present as a minor component but de-
tectable in the nmr spectrum of the crude acidic frac-
tion. The major acidic component (mp 131°) was
separated by chromatography on silica gel.

The formation of hydroxy acids may be explained by
a two-step reaction, in which the basiec sodium boro-
hydride first cleaves the 8 diketone 11. Whether the
enolate anion 25 ig further reduced or first converted
into epimeric keto acids 26 and 27 by proton abstraction
has not been investigated. This uncertainty in the
mechanism requires consideration of four isomeric
hydroxy acids, 28-31, as potential reaction products.

Configurational assignment for the actually isolated
hydroxy acid was attempted by considering the presence
of 8 one-proton resonance at § 4.05 ppm in the nrr
spectrum owing to the proton « to the hydroxyl group.
Table TIT summarizes the expected splitting pattern of
this signal in the four hydroxy acids 28-31. Dihedral
angles were measured in Dreiding models and coupling
constants were derived from the Karplus curve.®
Since a boat conformation is preferred for bicyelo [3.1.0]-
hexan-2-0l and -3-01,44% our analysis also uses this
conformation.

Although this analysis is only approximate, the
presence of an ill-resolved multiplet, centered at § 4.05
ppm in the nmr spectrum of the hydroxy acid (mp 131°),
together with the well-established fact of obtention of
cts hydroxyl groups in metal hydride reductions of
conjugated cyclopropyl ketones,?7 it is suggested that
the hydroxy acid be either 28 or 30. Clear-cut dif-
ferentiation between these two configurations, however,
was not possible, since the data provide insufficient
evidence concerning the configuration of the side chain.

One keto acid (26 or 27) was isolated in 959, yield

(41) For leading references see ref 34.

(42) B, Hardegger, E. Maeder, H, M. Semarne, and D. J. Cram, J.
Amer. Chem. Soc., 81, 2729 (1959).

43) H. Gerlach, Helv. Chim, Acta, 81, 1587 (1968).

(44) 8. Winstein, E. L. Friedrich, R. Baker, and Y.-I Lin, Tetrahedron,
Suppl., 8, 621 (1966).

(45) P, K.Freeman, M, F, Grostic, and F. A, Raymond, J. Org. Chem., 30,
771 (1965).
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R = CH,CH—CHCO,H
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TasLe IIT

Esrmmmarep Covpring ConsTants® FROM MEASURED DIHEDRAL
ANGLES 1N Bicyono[3.1.0]EExaN-2-0L DERIVATIVES

Dihedral
Coupled angle, Expected
Compd protons deg J H; resonance

Hig, Hop 45 4

28 Quartet
Hyp, Hag 30 6
Hlﬁ, HZa 75 0

29 Singlet

Hio, Hap 90 0
Hlﬁ) Hzﬁ 45 4

30 Quartet
’ Hog, Hia 150 7
Hip, Hoo 75 0

31 Doublet
Hony, Hsg 30 6

@ Reported in hertz.

when the diketone 11 was refluxed with sodium hy-
droxide followed by acidification. Presumably under
these conditions the thermodynamically more stable
isomer is formed. Its methyl ester showed a single
sharp peak upon glpe on two different columns. This
keto acid, on reduction with sodium borohydride,
vielded the same hydroxy acid as was obtained from
the diketone 11 as described above.

The diacetate 32 of the diol 22 served as a starting
material for preparing the ketol 34. Partial hydrolysis
of the diacetate gave, besides unchanged diacetate and

OAc

CH,

diol, the monoacetate 33, which on oxidation with
chromie acid followed by hydrolysis furnished the ketol
34. Its structure was confirmed by analysis and
spectroscopic methods.

Experimental Section

All melting points were taken in capillaries and are uncorrected,
The ir spectra were determined on a Perkin-Elmer Infracord
and the uv spectra on a Perkin-Elmer 137 or on a Cary 14
spectrophotometer. The nmr spectra were recorded either on a
Varian A-60 or on a Varian HA-100 spectrometer in CDCl;
solution if not otherwise stated, using TMS as internal standard.
Gas chromatographic analyses were done on & F & M Model
810 or on a Aerograph HY-FI Model 600D gas chromatograph.

exo-Di(7-norcaryl)ethanedione (2).—A stirred mixture of 1,4~
bisdiazo-2,3-butanedione 1! (3.58 g), redistilled dry cyclohexene
(ca. 700 ml), and anhydrous copper sulfate (20 g) was heated
under reflux under N; until the ir bands characteristic for the
diazo ketone disappeared (ca. 15 hr). The mixture was cooled
and filtered from copper sulfate and polymeric materials, and the
solvent was removed. The oily residue (4.8 g) was chromato-
graphed on a column of Florisil (60-100 mesh, 100 g), Elution
with hexane and crystallization from MeOH gave the cthanedione
2 (0.35 g): mp 180-131°; ir (CHCl;) 1678 cm™; uv max
(MeOH) 240 mu (¢ 9700).

Anal. Caled for CigHgOs:
C,77.8; H,9.0.

A sample of diketone 2, on treatment with o-phenylenediamine,
yielded 2,3-di(7-norcaryl)quinoxaline, mp 72° (from EtOH).

Anal. Caled for CooHpsN2: C, 83.0; H, 8.2; N, 8.8. Found:
C,82.4; H,8.5; N, 8.8.

exo-Norcarane-7-carboxylic Acid (3).—A mixture of the dike-
tone 2 (0.13 g), MeOH (20 ml), aqueous NaOH (15%,, 15 ml),
and H,0; (309%, 9 ml) was kept at room temperature overnight.
Excess H;O, was decomposed with FeSO,, and the solution was
acidified with cold, aqueous HCl and extracted with ether.
The organic layer was dried (MgS0;) and filtered, and the solvent
was removed. The crude acid was recrystallized from pentane
(0.10 g), mp 96-97.5° (lit.2* mp 96.5°).

exo-Di(7-norcaryl)ethanediol (5).—To a solution of diketone 2
(0.25 g) in EtOH (30 ml), sodium borohydride (0.04 g) was
added in small portions and the mixture was kept at room
temperature overnight. Ethanol was then removed under
reduced pressure, water was added, and the mixture was ex-
tracted with CHCl;. The CHCI; layer was washed with water
until neutral reaction, dried, and evaporated. The crude diol
(0.23 g) was purified by recrystallization from hexane, mp 99-
100°.

C, 78.0;  H, 9.0. Found:
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Anal. Caled for CiHwQOx: C, 76.75; H, 10.8. Found:
C,76.6; H,10.8. .

1,5-Bisdiazo-3,3-diallyl-2,4-pentanedione (8).—To a magneti-
cally stirred and ice-cooled mixture of diallyl malonic acid (36.8 g),
dry benzene (200 m)), and anhydrous pyridine (1 ml) was added
dropwise a solution of freshly distilled oxalyl chloride (80 ml)
in dry benzene (80 ml). The addition was regulated according
to rate of gas evolution. After the addition was completed, the
ice bath was removed and the mixture was slowly heated to 40°
and kept at this temperature for 2 hr and then at 60° for an
additional 2 hr. Excess oxalyl chloride and benzene were
removed and the residue was washed three times with 150 ml of
dry ether. For characterization the solvent was removed from
a small sample and the ir spectrum of the residual oil was taken
in dry CCly, ymax 1800 (-COCI) and 1650 em ™t (CHy==CH-).

The combined etheral extracts were added dropwise under
cooling and swirling to an etheral diazomethane solution (pre-
pared from 160 g of nitrosomethylurea). After standing for 1
hr the solution was filtered and concentrated until the product
started to ecrystallize. The bisdiazo ketone was isolated by
suction filtration and recrystallized from benzene-cyclohexane
(1:1): mp 81-82° ir (CHCly) 2110, 1645, and 1630 em™;
nmr 8 2.6 (d, 4), 5.5 (s, 2), and 4.9-5.8 ppm (m, 6).

Anal. Caled for CuHpO:Ne: C, 56.9; H, 5.2; N, 24.1.
Found: C,57.3; H,5.2; N,23.8.

Decomposition of Bisdiazo Ketone § with CuSO,.—A stirred
mixture of diazo ketone 8 (6.0 g), redistilled dry cyclohexane
(600 ml), and anhydrous CuSO. (12 g) was heated under reflux
under N; until the ir bands characteristic for the diazo ketone
disappeared (ca. 40 hr). The mixture was cooled and filtered
from CuS0,, and polymeric material and the solvent were re-
moved. The dark, oily residue was puiified by column chro-
matography on Florisil (60-100 mesh, 150 g). Elution with
hexane-benzene (1:1) gave crude 18, which was recrystallized
from -PrOH (0.28 g): mp 135°; ir (CHClL:) 1730, 1696, and
1628 cm~Y; uv max (MeOH) 225 mp (e 10,200); nmr § 5.97
(vinylic proton) and 2.13 ppm (methyl).

Anal. Caled for CuHp0:: C, 75.0; H, 6.9. Found: C,
75.0; H,6.9.

Decomposition of Bisdiazo Ketone 8 with Complex 12.—To an
ice-cold solution of 1,5-bisdiazo-3,3-diallyl-2,4-pentanedione (30
g) in absolute ether (3 L.), the Pd complex 122 (0.3 g) was added.
Vigorous gas evolution started immediately. After the reaction
subsided, the ice bath was removed and the mixture was stirred
overnight at room temperature. After filtration and concentra-
tion of the solution, crude crystalline diketone 11 was obtained
(8.28 g), purified by recrystallization from ¢-PrOH: mp 154°;
ir (CHCly) 1736 and 1706 em—; uv max (MeOH) 280 mpu (e 96).

Anal. Caled for CyHp0:: C, 75.0; H, 6.9. Found:
C,74.9; H,7.0.

Removal of the solvents of the combined mother liquors gave
a crude oil which was chromatographed on a column of Florisil
(60-100 mesh). Elution with hexane-benzene (4:1) gave
diketone 10 (0.68 g). The analytical sample was obtained by
recrystallization from 7-PrOH: mp 118°; ir (CHCl;) 1734 and
1710 cm™?; uv max (MeOH) 281 mu (¢ 127).

Anal. Caled for CuH10,: C, 75.0; H, 6.9. Found: C,
74.8; H,7.0.

Elution with hexane-benzene (1:1) gave an additional amount
(1.03 g) of isomer 11, mp 154°.

Reduction of Diketone 11 with Sodium Borohydride.—To &
solution of diketone 11 (2.0 g) in ¢-PrOH (150 ml) kept at 40°,
sodium borchydride. (2.0 g) was added. The mixture was left
at room temperature overnight, the solvent was removed, and
water was added. The solution was neutralized (pH 7) with
diluted HCI and extracted with CHCl;. After the usual work-
up, an oil was obtained which on trituration with CHCl; gave the
crystalline diol 22 (1.07 g). The analytical sample was obtained
by recrystallization from acetonitrile: mp 171°; ir (CCL)
3595 and 3415 em™!; the broad band at 3415 em™! disappears
at a concentration of 2 X 10~% mol/l.; mass spectrum m/e
162 (M+ — H;0).

Anal. Caled for Ci;H;e0s:
C,73.0; H,88.

The bis-p-nitrobenzoate melted at 271° (CHCl;).

Anal. Caled for CpHyN2Os: C, 62.8; H, 4.6; N, 5.9.
Found: C,62.4; H,5.0; N,6.2.

Removal of the solvents (CHCI; and +-PrOH) of the combined
mother liquors gave a thick oil which was chromatographed on a
column of basic Alumina (Merck). Elution with CsHe—~CHCI;

C, 73.3; H, 9.0. Found:

3,3'-SproBi(BIcYoLo[3.1.0lHExXANE)-2,2’-DIONE SysrEM 1033

(1:1) gave an additional amount (0.38 g) of diol 22; CgHg-
CHCI; (1:2) eluted the isomeric oily diol 23 (0.26 g). For puri-
fication it was rechromatographed on neutral Alumina (Merck),
ir (CCly) 3570 and 3470 em™', Both peaks remain relatively
unchanged at a concentration of 4 X 1071 mol/1., mass spectrum
m/e162 (M+ — H,0).

The bis-p-nitrobenzoate melted at 182-183° (CH;CN).

Anal. Caled for CsHyeNyOg: C, 62.8; H, 4.6; N, 5.9.
Found: C,62.7; H,4.7; N,5.8.

The aqueous layer from the first CHCl; extraction was acidified
with cold, diluted HCl to pH 2 and extracted again with CHCl,.
After the organic layer had been dried (Na:SO,) the solvent was
removed and the nmr spectrum of the crude residue (0.26 g) was
taken. The presence of a multiplet at § 4.05 ppm, together with
a doublet at & 4.40 ppm, indicated the crude residue to be a mix-
ture of two hydroxy acids. Trituration with benzene and re-
crystallization of the crude crystalline product from benzene—
chlorform gave pure hydroxy acid, mp 131°, ‘Alternatively, the
crude acidie mixture was chromatographed on silica gel (28-200
mesh, Davison Chemical), and elution with CHCIl; afforded
an oil which crystallized on standing. Recrystallization from
benzene~chlorform gave the hydroxy acid, mp 131°. The nmr
spectrum exhibited a one-proton multiplet at 8 4.05 ppm, but
the doublet observed in the spectrum of the crude acid at 8
4.40 ppm was absent.

Anal. Caled for CuH;eOs:
66.9; H, 8.3.

In an alternative procedure a portion of the neutral fraction
obtained from the sodium borohydride reduction described above
was converted into & mixture of the corresponding trimethylsilyl
ethers using a modification of a standard method. The ether
mixture was analysed by glpc on a 6 ft X 0.25 in. column packed
with SE-30 (3%) on 80-100 mesh Chromosorb W at a column
temperature of 155°. Three peaks with relative area of 86:8:6
were observed. The major fraction was collected and hydrolyzed
for 5 min with boiling MeOH. The product, mp 171°, was
identical with the symmetrical diol 22 (vide supra). Glpe com-
parison of the product with relative area intensity 8 with the
trimethylsilyl ether of diol 23 showed the identity of these two
compounds. The product corresponding to the third peak was
not investigated.

Alkaline Cleavage of Diketone 11.—A solution of diketone 11
(0.12 g) in a mixture of EtOH (4 ml) and NaOH (6 N, 1 ml) was
heated under reflux for 30 min. After removal of the alcohol
under reduced pressure and acidification with cold, diluted HCl
to pH 3, a keto acid 26 or 27 precipitated (0.12 g). Recrystal-
lization from benzene gave the analytical sample: mp 123%; ir
1712 e ™; mags spectrum m/e 194 (M*),

Anal. Caled for CyH1O5: C, 68.0; H, 7.3. Found: C,
67.8; H,7.4.

Reduction of the Keto Acid.—A solution of the keto acid
(0.28 g), mp 123°, in -PrOH (28 ml) at 40° was treated with
sodium borohydride (0.28 g), and the mixture was left at room
temperature for 20 hr. After removal of the solvent, water
was added and the acidified (pH 2) solution was extracted with
CHClL:. After the usual work-up, an oil (0.27 g) was obtained,
which on trituration with benzene and recrystallization from
benzene-chloroform gave the hydroxy acid, mp 131°, identical
with that described above.

Acetylation of Diol 22.—A mixture of diol 22 (0.70 g), anhy-
drous pyridine (5§ ml), and acetic anhydride (2.5 ml) was heated
at 100° for 50 min and then cooled, and all the volatile compounds
were removed under reduced pressure. Sublimation of the
residue at 80° (0.05 mm) afforded diacetate 32 (0.92 g). The
analytical sample was obtained by recrystallization from pentane,
mp 93-94°; in the nmr spectrum the protons « to the acetoxy
groups resonated at 8 5.20 ppm (d, 2 H).

Anal. Caled for CisHeO4: C, 68.2; H, 7.6. Found: C,
68.2; H,7.5.

Preparation of Ketol 34.—Diacetate 32 (0.80 g) in dioxane
(20 ml), water (8 ml), and 409, aqueous dioxan (18.7 ml) con-
taining KOH (9 mg/ml) was refluxed for 30 min. The addition
of phenolphthalein showed that this time was required for the
consumption of the KOH. The cooled solution was concen-
trated to dryness under high vacuum, water was added, and the

C, 67.3; H, 8.2. Found: C,

(46) B. T, Golding, R. W. Richards, and M. Barber, Tetrahedron Lett.,
2615 (1964).

47) C. C. Sweely, R. Bentley, M. Makita, and W. W. Wells, J. Amer.
Chem. Soc., 88, 2497 (1963).
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mixture was extracted with CHCl. The crude material (ca.
(.70 g) obtained from the dried CHCl. solution was chroma-
tographed on neutral alumina (50 g, Merck). Elution with
benzene gave unchanged diacetate (0.21 g), identified by melting
point and mixture melting point. Elution with benzene—
chloroform (9:1) afforded the oily monoacetate 33 (0.36 g),
characterized as its p-nitrobenzoate, mp 119-121° (from methyl-
cyclohexane).

Anal. Caled for C;HyOWN: C, 64.7; H, 5.7. Found:
C,64.3; H,5.7.

Elution with CHCl; gave diol 22 (0.08 g), identified by melting
point and mixture melting point. .

The crude oily monoacetate (0.28 g) in “‘Analar R’ acetone
(20 ml) was treated with Jones solution® (0.6 ml) at 0°. After
the solution had been stirred for 5 min, excess oxidant was de-
stroyed by adding methanol (2 ml). After the solution had been
neutralized (NaHCOQ;) and filtered, the solvent wasg removed
and the residue was extracted with CH,Cl;. The crude keto
acetate (0.28 g), obtained from the dried CH,Cl, solution, in
dioxane (8 ml), and 40%, aqueous dioxane (7.5 ml) containing
KOH (9 mg/ml) was refluxed for 30 min (negative phenol-
phthalein reaction). The cooled solution was concentrated to

(48) K. Bowden, I. M. Heilbron, E. R, H. Jones, and B. C, L. Weedon,
J. Chem. Soc. 39 (1646).
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dryness under high vacuum, water was added, and the mixture
was extracted with CHCIl;. After the usual work-up, a thick
oil (0.2 g) was isolated which solidified on standing. Trituration
with ether and recrystallization from methyleyclohexane afforded
the ketol 34, mp 124-125°.

Anal. Caled for CuHuOgZ
74.2; H,7.9.

Registry No—2, 23346-32-9; 5, 23346-30-7; 8,
23346-31-8; 10, 23353-38-0; 11, 23353-39-1; 18,
23353-40-4; 22, 23353-41-5; 22 bis-p-nitrobenzoate,
23353-42-6; 23, 23353-43-7; 23 bis-p-nitrobenzoate,
93353-44-8; 26, 23359-84-4; 27, 23353-45-0; 28,
23353-46-0; 29, 23350-83-3; 30, 23353-34-6; 31,
23353-35-7; 32, 23353-36-8; 33 p-nitrobenzoate, 23353-
37-9; 34, 23353-56-2; 2,3-di(7-norcaryl)quinoxaline,
23346-33-0.
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A product analysis, kinetic study, and Hammett study of the reaction of triisobutylaluminum with benzo-

phenone has been carried out in diethyl ether solvent.

There is no significant participation of the second alkyl

group in triisobutylaluminum reduction of benzophenone up to 94% yield of benzhydrol, which is the only product

formed in the reaction.
alkyl and first order in ketone.

The kinetic data shows a well-behaved second-order reaction, first order in aluminum
The formation of a complex between the ketone and aluminum alkyl was ob-

served spectroscopically. Aceumulation of kinetic data at several temperatures provided a linear Arrhenius
plot, which allowed for calculation of activation parameters (AS* = —10.1 eu, AH* = 15.8 keal/mol, and AG* =

18.8 kcal/mol).

determining step involves nucleophilic attack of the carbonyl group by the aluminum alkyl.

A p value of +0.362 was determined from a Hammett study, which indicates that the rate-

All of the accumu-

lated data is consistent with a two-step mechanism in which the first step involves a fast equilibrium to form a

complex according to the equation (--CiHg)Al + (CsHhC=0 = (-CHy)Al - 0=C(CsH;)..

The second step

is rate determining and is consistent with a cyclic intramolecular g-hydrogen attack at the carbonyl group (eq 15).

Organoaluminum compounds react with carbonyl
compounds in a similar way to Grignard reagents to
give products of either addition, reduetion, or enoliza-
tion reactions or any combination of these reactions.
Although the reaction of triethylaluminum with car-
bonyl compounds produces a mixture of addition and
reduction products,! the primary reaction of organo-
aluminum compounds with branched alkyls is reduc-
tion.? For example, the reaction of triisobutylalu-
minum with earbonyl compounds is very characteristic
in that no addition produect is formed with most car-
bonyl compounds.tb-e:?

Recent successes in kinetic studies on the addition
reaction of trimethylaluminum with benzophenone in
benzene! and diethyl ether® and the reduction reaction

(1) (a) H. Meerwein, G. Hinz, H. Mgjert, and H, Sénke, J. Prakt. Chem.,
147, 228 (1937); (b) K. Ziegler, K. Schneider, and J. Schneider, Ann, Chem.,
623, 9 (1959); (c) T. Mole and J, R. Surtees, Aust. J. Chem., 17, 961 (1964);
(d) 8. Pasynkiewicz and E. J. 8Bliwa, J, Organometal. Chem., 8, 121 (1965).

(2) () K. Ziegler in “‘Organometallic Chemistry,” H. Zeiss, Ed,, Reinhold
Publishing Co., New York, N. Y., 1960, Chapter 5; (b) R. Kdster and P.
Binger, Advan. Inorg. Chem. Radiochem., T, 263 (1965).

(3) (a) K. Ziegier, K. Schneider, and J. Schneider, Angew. Chem., 67,
425 (1955); (b) L. I. Zakharkin, L. P. Sorokina, and I, M. Khorlina, Zh.
Obshch, Khim., 81, 3311 (1961); (¢) H. Haubenstock and E. B, David-
son, J. Org. Chem., 28, 2772 (1963),

of t-butylmagnesium compounds with di-t-butyl ketone
in tetrahydrofuran® have encouraged the study of the
mechanism of the reduction reaction of trialkylalu-
minum compounds with carbonyl compounds by ki-
netic methods. An ideal system for this study involves
the reaction of triisobutylaluminum with benzophe-
none, since only the formation of reduction product
in high yield has been reported.'* Since this re-
action was reported too fast to follow kinetically in
benzene, e kinetic studies on this reaction were carried
out in diethyl ether, a solvent which provided a con-
venient reaction rate for kinetic measurements. Fur-
thermore, since triisobutylaluminum is monomeric in
diethyl ether” and the reaction of the first alkyl group
is reported to be much more rapid than that of the
second alkyl group, this particular aluminum alkyl
should provide the least complicated kinetic data.

(4) E.C. Ashby, J. Laemmle, and H. M. Neumann, J. Amer. Chem. Soc.,
90, 5179 (1968).

(5) E.C. Ashby and J. T. Laemmle, J. Org. Chem., 88, 3398 (1968).

(6) M. 8. Singer, R. M. Salinger, and H, 8. Mosher, ibid., 82, 3821 (1967).

(") (&) E. C., Ashby, J. Carter, and J. R. Sanders, unpublished results;
(o) E. G, Hoffman, 4nn. Chem., 628, 104 (1960); (c) K. Ziegler, W. R, Kroll,
W. Larbig, and O. W, Steudle, ibid., 628, 53 (1960).



