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* IMPROVED RESOLUTION ENABLES
IDENTIFICA TION OF SIMILAR COMPOUNDS
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VASTLY SUPERIOR NEW
NMR SHIFT REAGENTS.

"Sievers Reagents” are two important compounds
that will be invaluable new aids to n.m.r. spectroscopists.
These are the Europium and Praseodymium chelates of the
partially fluorinated ligand, 1,1,1,2,2,3,3-heptafluoro-7,7-
dimethyl-4,6-octanedione [or H(fod)]. The two new che-
lates produce dramatic shifts in 1H n.m.r. spectra, the
Europium reagent producing shifts in the opposite sign to
the Praseodymium reagent, as do the currently used tetra-
methylheptanedion (thd) chelates. However, the new re-
agents offer considerable advantages over the thd reagents.

The two new reagents, Eu(fod)3 and Pr(fod)3 will be
described in an important paper by Roger E. Rondeau and
Robert E. Sievers, "New Superior Paramagnetic Shift Re-
agents for NMR Spectral Clarification", to appear in aforth-
coming issue of Journal of the American Chemical Society.
As the result of the extensive work required for this paper
the authors have concluded that the Eu and Pr chelates of
H(fod)3 offer distinct advantages over all of the hundreds
of other lanthanide chelates investigated. Eu(fod)3 and
Pr(fod)3 have considerably better solubility than the cur-
rently popular tetramethylheptanedione (thd) chelates of
Eu and Pr, thus enabling the use of sufficient molar ratios
to produce spectra of essentially completely coordinated
ligands. Another most important point: the electron with-
drawing effect of the fluorines increases the residual acidity
of the cation, offering an improved coordination site for
weak donors.

"PIERCE PREVIEWS" IS OUR LIVELY NEWSLETTER THAI
KEEPS YOU ABREASTOF IMPORTANT NEVJ DEVELOPMENTS

LET US KNOW IF YOU'D LIKE TO RECEIVE IT REGULARLY.

Dr. R. E Sievers of the Air Force Materials Labora-
tory, Wright Patterson AFB, Ohio, has pioneered a great
deal of work in the development of new ligands for improv-
ed separations and applications of metallic elements, includ-
ing the lanthanides. It has been our pleasure to work close-
ly with him in preparing many new chelating agents, includ-
ing H(fod).

We offer the Sievers Eu Reagent as "Euroshift-F" and
the Sievers Pr Reagent as "Prashift-F". We also offer the
chelating agent H(fod) as 1,1,1,2,2,3,3-heptafluoro-7,7-di-
methyl-4,6-octane dione. They may be ordered as follows:

NEW LOWER PRICES!

114400 EUROSHIFT-F (Sievers Eu Reagent)
$12/1g; $50/59

114010 PRASHIFT-F (Sievers Pr Reagent)
S12/1g; $50/5g

63153 1,1,1,2,2,3,3-HEPTAF LUORO-7,7-DIMETHYL-
4,6-OCTANE DIONE, "H(fod)”

$6/5g; $24/25g; $72/100g

A CONVENIENT KIT: Contains one gram each of
the H(fod) chelates, Euroshift-F and Prashift-F and
the H(thd) chelates Euroshift and Prashift.

11025 SHIFT KIT S40/kit

PIERCE CHEMICAL COMPANY

P.O. Box 117 Rockford, Illinois 61105 U.S.A.
PHONE 815/968-0747 T™WX
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V.1 Kinetic Study of

Meisenheimer Complexes of 1,3,5-Trinitrobenzene with Hydroxide and Alkoxide
lons in Ethanol-Water and Methanol-Water Mixtures2

Claude F. Bernasconi* and Robert G. Bergstrom

University of California, Santa Cruz, California 95060

Received October 16, 1970

The Kinetics of reversible Meisenheimer complex formation between 1,3,5-trinitrobenzene and the respective
lyate ions in 19% ethanol-81% water (v/v) and in 22.5% methanol-77.5% water (v/v), respectively, has been

studied by the temperature-jump and stopped-flow methods.
mate a “common” solvent for the three equilibrium reactions concerned.

These very aqueous mixed solvents approxi-
The rate coefficients for nucleophilic

attack and for leaving group departure respectively are 7700 M ~1 sec-1 and 32.0 sec-1 for EtO- in ethanol-
water, 2425 A -1 sec-1 and 254 sec-1 for MeO- in methanol-water, 70.2 A -1 sec-1 and 6.8 sec-1 for HO- in

ethanol-water, and 17.1 M -1 sec-1 and 10.5 sec-1 for HO- in methanol-water.

A change from pure methanol

and ethanol to the mainly aqueous solvents has an expected small retarding effect (three- or fourfold) on the rate
of nucleophilic attack by MeO- and by EtO-, whereas leaving group departure is practically unaffected.

Recently we reported a Kinetic study on the Meisen-
heimer complex forming equilibria between 1,3,5-tri-
nitrobenzene (T) and the lyate ions in water, methanol,
and ethanoll(eq 1). One of our general objectives is to

H OR

T H R=H
M, R=CH3
E, R= CH5

study leaving group reactivities in nucleophilic aromatic
substitutions.3 The work reportedl provided infor-
mation about leaving group reactivities of HO- , MeO-,
and EtO- with respect to the model reaction 1 in the
solvents mentioned. Though interesting, this com-
parison of the three bases in three different solvents
suffers from the fact that a solvent effect may account
for at least part of the reported differences.

The aim of this and subsequent studies to be reported
shortly is to provide data on reaction 1 in a “common”
solvent. Because of the inherent nature of protic sol-
vents such a “common” solvent can only be approxi-
mated. We have chosen predominantly aqueous al-
cohol-water mixtures with alcohol contents around

(1) Part IV: C. F. Bernasconi, J. Amer. Chem. Soc., 92, 4682 (1970).

(2) Supported in par, by a grant from the Petroleum Research Fund
administered by the American Chemical Society. Grateful acknowledgment

is made to the donors of this fund.
(3) C. F. Bernasconi, J. Amer. Chem. Soc., 92, 129 (1970).

20%. The choice of the alcohol content was dictated
by the need of a sufficient equilibrium concentration of
RO- arising from equilibrium 2 on the one hand and

ROH + HO- RO- + HD @)

the wish to keep the solvent as aqueous as possible on
the other. For the lack of a better criterion, the con-
tent for the various alcohols was chosen so as to give
mixtures of equal dielectric constants at 25°, D =
67.5/ for all the solvents whenever possible. In this
first account we report on our findings in 19% ethanol-
81% water (v/v) and 22.5% methanol-77.5% water
(viv).

Experimental Section

Materials.— 1,3,5-Trinitrobenzene (Eastman White Label)
was reerys'.allized twice from ethanol, mp 123°. Reagent grade
methanol and ethanol were used without further purification.

Rate and Equilibrium Measurements.— Stopped-flow de-
terminations were performed on a Durrum stopped-flow spec-
trometer. The relaxation times listed in Tables I and Il rep-
resent average values of three or four oscilloscope pictures taken
from two and frequently more independently prepared reactant
solutions. The reproducibility of the r2values in methanol-water
was less satisfactory than the others; these r2values represent
the average of up to six independent determinations.

The temperature-jump experiments were carried out on a
temperature-jump transient spectrometer from Messanlagen
Gmbh. Temperature jumps of 1° were found to be adequate for
the systems under study. Reported relaxation times represent
the average of three or four oscilloscope pictures taken from two
independently prepared reactant solutions.4

(4) H. S. Harned and B. B. Owen, "The Physical Chemistry of Electrolytic
Solutions,” Reinhold, New York, N. Y., 1950, p 118.

1325
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Figure 1—ti in 22.5% methanol-77.5% water (v/v); O with
0.5 M NacCl, 0 with 3M NacCl.

Table |
Reactions of MeO~and HO- with
1,3,5-Trinitrobenzene in 22.5% Methanol-77.5%
Water (v/v) at 25°
[TNB], Electrolyte

[NaOH]o, X conen,®
M 10s M M I/ri/ sec*l I/r, Osec-1
0.005 40 0.5 244 + 17
0.01 30 0.5 263 + 18
30 3.0 145 + 15
2 0.5 10.7 + 0.9
2 3.0 9.2+ 05
0.02 30 0.5 267 + 18
2 3.0 8.8+ 0.5
0.03 30 0.5 287 + 20
2 0.5 106 + 0.5
30 3.0 152 + 12
2 3.0 9.0 + 05
0.05 20 0.5 310 + 20
2 0.5 11.0 + 0.5
2 3.0 9.0+ 05
0.075 20 3.0 205 + 20
2 0.5 108 + 0.5
2 3.0 8.8 + 0.6
0.10 20 0.5 355 + 20
0.13 20 0.5 376 + 30
0.15 14 0.5 380 + 25
14 3.0 277 + 25
2 0.5 11.4 £ 0.7
2 3.0 9.1+ 1.0
0.19 14 3.0 308 + 26
0.20 12 0.5 427 + 30
2 0.5 12.1 + 0.8
2 3.0 9.0+ 1.0
0.25 12 3.0 354 + 30
0.30 1 0.5 125+ 1.2
0.35 1 0.5 127 + 1.5
0.40 1 0.5 127 £ 1.2

“NaCl added as needed. 6Observed at 535 nm by tempera-

ture-jump method. cObserved at 425 nm by stopped-flow
method.

Absorbance measurements for equilibrium determinations were
made on a Gilford spectrophotometer with thermostatted cu-

vettes.
Results

Solutions of T in basic 19% aqueous ethanol and
22.5% aqueous methanol are characterized by several

Bernasconi and Bergstrom

Table Il
Reactions of EtO~ and HO- with
1,3,5-Trinitrobenzene in 19% E thanol-81%
Water (v/v)at 25° "

[TNBJo X
[NaOHJo, U 10 M I/ri, sec 16 1/42 sec 1c

0.005 2 7.13 + 0.35
0.010 2 36.3 £+ 4.0*

1.5 7.40 £ 0.37
0.020 1.5 8.05 £+ 0.40
0.030 2 39.2 + 4.01

1.5 3.32 + 0.41
0.040 1.5 8.76 + 0.44
0.050 2 55.7 + 7.0*

0.4 9.11 + 0.45
0.075 0.4 9.64 + 0.48
0.10 10 63 + 5.0

0.4 10.2 £+ 0.5
0.13 10 74 + 3.5

0.4 105 + 0.5
0.15 10 85+ 4.0

0.3 11.0 + 0.5
0.17 10 89 + 4.3

0.3 11.3 £+ 0.6
0.19 10 99 + 4.5

0,3 115+ 0.6
0.22 10 112 + 5

0.3 11.7 £+ 0.6
0.25 10 117 dic 6

0.3 11.9 £+ 0.6

“ Total electrolyte concentration maintained at 0.5 M by
addition of NaCl as needed. bDetermined at 535 nm by the
temperature-jump method. eDetermined at 500 nm by the
stopped-flow method. dCalculated by computer.

relaxational processes in the time range from a few
milliseconds to about 20 sec. Depending on reaction
conditions such as base concentration and electrolyte
concentration, one observes at least four but possibly
five or more relaxation processes, mostly well separated,
which can be attributed to equilibrium reactions. Fur-
thermore, there is at least one slow process with a half-
life > 15 min which is believed to be an irreversible de-
composition of TNB.

In this report we are concerned with only the two
fastest processes (with relaxation times n and r2 which
arise from the reactions of eq 1 leading to complexes H
and E in ethanol-water and to H and M in methanol-
water. In a subsequent paper we will deal with 1:2
complexes formed by the attack of two lyate ions on T
which give rise to the longer relaxation times and neces-
sitate an involved kinetic analysis.

In methanol-water the two relaxation times are well
separated under all conditions, i.e., t2 >0 n.5 n was
measured by the temperature-jump method.6 The
data which are summarized in Table | show a strong
dependence on base concentration. When n-~I is
plotted VS. the stoichiometric base concentration
[NaOHjo, a straight line results. Figure 1 shows such
plots at two different electrolyte concentrations.

r2was measured by the stopped-flow method. It is
only very slightly concentration dependent; plots of
r2-1 vs. [NaOHjo are shown in Figure 2.

In ethanol-water n is appreciably longer than in
methanol-water, whereas r2 is about the same in both

5) T2 ri means 72/ n > 10.
(6) M, Eigen and L. DeMaeyer in “Technique of Organic Chemistry,”
Vol. VIII, Part 2, Interscience, New York, N. Y., 1963, p 895.
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[NaOHo , M

Figure 2—+2in 22.5% methanol-77.5% water (v/v); O with
0.5m NacCl, O with 3m NaCl.

solvents. As a consequence, the relation r2» n is just
barely fulfilled, +2 ti ~ 7-10 for [NaOH]0 ~ 0.25 M,
rZri ~ 10 for [NaOHjo ~ 0.25 M. Representative os-
cilloscope traces at low and at high base concentration
are shown in Figure 3. It is noteworthy that r2inter-
feres rather strongly with n at low base concentrations
(Figure 3A) but only insignificantly at high base con-
centrations (Figure 3B). This lesser interference is
only to a small extent due to a larger separation of n
and 72 at higher base concentration. The principal
reason is a decrease in the amplitude (change in absor-
bance as a consequence of the temperature jump) of 2
relative to the amplitude of n when the base concen-
tration is increased, which arises from a favorable inter-
play of the enthalpies of the various equilibria in-
volved.7

Where the interference of r2with n was appreciable,
the relaxation times were evaluated with the help of a
computer.8 Otherwise it was possible to use standard
graphical procedures.

The data for the ethanol-water reactions are re-
ported in Table I1; plots of n-1 and T21 in Figure 4
and 5 show a strong concentration dependence for N
and weak dependence for r2just as in methanol-water.

As will be shown below, the concentration depen-
dence of n-1 and r2_1 in both solvent systems is consis-
tent with two distinct 1:1 T-base interactions which, in
the light of all known evidence,1'10 can reasonably only
be the Meisenheimer complexes M and H in aqueous
methanol and E and H in aqueous ethanol, respectively.
With reference to our previous studylon reaction 1 in
pure methanol (M), pure ethanol (E), and pure water
(H), where the relaxation times in both alcohols were
found to be significantly shorter than in water, we fur-

(7) In the stopped-flow experiments, 72 interferes more strongly with ri
over the entire concentration range. It is for this reason that the tempera-
ture-jump rather than the stopped-flow technique was used for measuring n.

(8) A computer program proposed by Wiberg9for first-order rate calcula-
tions was modified to calculate the parameters AAJ/AAo, r1 and T2 which
give the best fit between experimental absorbance data (A), and the function

An AAI o AAA o/T2
AAo Aﬁoet/TI AAd/

(9) K.B.Wiberg, “Physical Organic Chemistry,” Wiley, New York, N. Y.,
1966, p 570.

(10) For recent reviews of this evidence, see (a) R. Foster and C. A.
Fyfe, Rev. Pure Appl. Chem., 16, 61 (1966); (b) E. Buncel, A. R. Norris,
and K. E. Russell, Quart. Rev., Chem. Soc., 22, 123 (1968); (c) M. R. Cramp-
ton, Advan. Phys. Org. Chem., 7, 211 (1969).
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Figure 3.—Representative oscilloscope traces in 19% ethanol-
81% water (v/v); A, t, and t2at [NaOHJo = 0.03 m, X = 535
him, 20 msec/division, temperature-jump method; B, n at
[NaOHJo = 0.19 m, X = 535 mu, 5 msec/division, temperature-
jump method; C, r2at [NaOH]J0 = 0.19 m, X = 425 m", 50
msec/division, stopped-flow method.

ther conclude that in our present study ri is associated
with MeO -and EtCW attack, respectively, whereas r2
is associated with HO- attack in both solvents. A full
justification for this interpretation is given in the Dis-
cussion.
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Figure4.—t, in 19% ethanol-81% water (v/v).

We can describe our reaction systems by eq 3 which

AH K til'-
1 T+ HO" RO~ + T
k-2a fr_R

R = CH3or CJR

M or E 3)

includes the RO~/HO_ equilibrium 2, though the sol-
vent species have been omitted for simplicity. Equi-
librium 2 is established very fast; the relaxation time
associated with it could not possibly be determined by
our methods.

In the general case, eq 3 calls for complex expressions
relating n and r2 to reactant concentrations. How-
ever, all our experiments were performed with [Na-

OH]0» [T]0 so that we can write the simplified eq 4.
f2H[HO~]  fiH[RO_]
N LT AMorE (4)
k-2H k- iR

The RO_/H O _ equilibrium has to be considered only
for the calculation of the equilibrium concentrations of
RO- and HO- by means of eq 5 and 6, where K is de-

[R°-] = INa°H 1o ®)
[He-] = [NaOHJo ©®)
” [RO-] xroh

[HO-] A xhd ™

Bernasconi and Bergstrom

(vIv).

fined by eq 7, xroh and xiro being mole fractions.

For K' we use Murto’sIlivalues, K' = 4.5 in methanol-
water, if' = 0.065 in ethanol-water.
For r2 » n the relaxation times are straightfor-

wardly derived according to well-established proce-
dures6 and can be written as eq 8 and 9, where K\R =

4 = R [RO-] + fciR (8)
1 fHHO-] v
n 1+ KV [RO-] + ©)

fcR/fc_iR. Taking into consideration eq 5 and 6, they
become eq 10 and 11.

.= +
T 1A [NaOH], fc_F (10)

1 feH [NaOH],,

r2 1+ K + KKV [NaOHJo (11

In methanol-water eq 10 and 11 hold well under all
conditions. In ethanol-water the separation of ti and
2 though not very large, is nevertheless sufficient to
warrant the use of eq 10 and 11; the small deviation
introduced compared to a more rigorous treatmenté is
less than 5% and thus comparable with or less than
the experimental error.

Equation 10 allows one to determine the various
kiRand fc_iRvalues from slopes and intercepts in Figures
1 and 4. They are reported in Table Ill as calculated
from a least-squares analysis.2 For the determination
of KA1 and k™, eq 11 is rearranged to eq 12, where fc 2H

J = l+g_  + KKI (12)
-7/ feH[NaOHJo ~ feH K 1

r2->
is the intercept of a plot of r2.1 vs. [NaOH]0. By plot-
ting the left-hand side of eq 12 V5. [NaOH]0-1 (“inver-
sion plot”), one should obtain a straight line. In prin-
ciple this should allow /c2H to be calculated (from slope)
as well as 1?iR to be checked (from intercept) against its
value derived from n.

In aqueous ethanol one indeed obtains a satisfactory
linear inversion plot, Figure 6; /c2H and K\ | calculated
by least-squares analysis2 are reported in Table 111,
It is to be noted that the E1Rvalues derived by the two
methods agree very well. The curve as drawn in

(11) J. Murto, Ann. Acad. Sci. Fenn., Ser. A2, 117 (1962).

(12) These calculations were performed by an electronic desk computer,
the Olivetti Programma 101.
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Tabie Il

Rate and Equilibrium Constants for Meisenheimer Complexes between 1,3,5-Trinitrobenzene and
EtO-, MeO-, and OH- in Various Solvents at 25° «

~---19% EtOH-81% HO— . - 22.5% MeOH-77.5% H,0-—,
ti:E ri:H ri:M ti:H
2H r:E r.H 2z M EtOH5 MeOH6 HD6
kiE (M ~1sec*1) 7700 £ 300 1550 33400
k_iE (sec-1) 32.0 db 3.0 68 27.5d
K,E = *1B/fc_IE (A?-1) 241 + 24 228 1210d
(248 £ 20)»
LM(M ~1sec-1) 2425 + 125 29.5 7050d
(2460 = 130)«
fc iM (sec-1) 254 + 9 10.5 305J
(134 = 6)«
RiM = L Mfc-iM (3i-1) 9.55 + 0.60 2.81 23Ad
(18.3 £ 1.0)«
fH (JR-1 sec-1) 70.2 £ 3.5 362 17.1 + 1.7/ 1410 37.5»
(8.8 = 0.9)«./
& 2 (sec-1) 6.8 £+ 0.4 32.0 105+ 0.5 254 9.8»
(8.5 £ 0.5)«
KF = feH/c_H (At-1) 10.3 + 0.8 11.3 1.63 + 0.08/ 5.67 3.73»
(1.03 = 0.05)«./

° Unless otherwise stated total electrolyte concentration maintained at 0.5 M by addition of NaCl as required. bReference 1. «From
t2by means of an inversion plot. dElectrolyte concn, 0.2 M NaC104 6Electrolyte concn, 3 M NaCl. / From equilibrium measure-

ments. » Electrolyte concn, 1 M NacCl.

Figure 5 has been calculated from eq 11 with the values
of A2h and KIiE as determined from the inversion plot.

In methanol-water an inversion plot is not practical
because the differences r2-1 — K-N are of the same order
of magnitude as the experimental error. One can
determine K2n however from equilibrium measurements
in the following way. The visible absorption of basic T
solution is given by eq 13, where «m and eH are the ex-

A = &n[M] + *h[H] (13)

tinction coefficients of the respective Meisenheimer
complex.1314 The spectra of M and H in their respec-
tive pure solvents are knownl to be similar and are
likely to be even more so in a common solvent. Thus
we do not introduce a large error by assuming «M =
«h = tat wavelengths between 450 and 490 mp. With
this assumption and by expressing [M] and [H] in
terms of known or measurable quantities, one obtains
eq 14; a derivation is given in the Appendix. In corn-

KK~»

A + (A - e[T]o) [NaOH],
Ki e [NaOH]o (14
(«1TI. - A) 1+ K

bination with fc 2n, k2l is then calculated. The values
of A 2n and KHreported in Table 111 represent averages
of two independent determinations each at 0.004 M
and 0.01 M NaOH concentration, which gave virtually
identical results.

The curves in Figure 2 have been calculated with ref-
erence to eq 11 by using fH as determined from these
equilibrium measurements. The fit with the experi-
mental points is within the experimental error.

Discussion

Identification of ti and t2—In Table Ill we have
summarized the various rate coefficients which were

(13) €T — 0 at the wavelengths chosen.

(14) The base concentration has to be low to avoid appreciable 1:2 com-
plex formation.

(15) (a) V. Gold and C. H. Rochester, J. Chem. Soc., 1692 (1964); (b)
F. Cuta and J. Pisecky, Chem. Listy, 51, 433 (1957); (c) T. Abe, Bull.
Chem. Soc. Jap., 33, 41 (1960).

determined under the assumption that ri is due to the
formation of M or E, respectively, and that r2is due to
H formation in both systems.

A different set of rate coefficients can be calculated by
assuming that it is the formation of H which gives rise
to ti, and alkoxide ion attack which leads to r2 In-
stead of eq 8 and 9 we use eq 15 and 16, which by virtue

o = f2[HO-] + feH (15)

| L R[RO-]
€ 1+ Kh[HO-] ~ (16)
of eq 5 and 6 are converted to eq 17 and 18. This

5= 14 a [NaOH], + fc H 17)
1 [GRR[NaOH]0 (18)
r2 1+ K + AZHNaOH], +

alternate set of rate coefficients derived by applying
eq 17 and 18 to our experimental data is also included
in Table I11.

Finally the rate coefficients referring to equilibrium 1
in pure ethanol, methanol, and water are included
for the purpose of comparison.

Let us compare the various rate coefficients in the
mixed solvents with those in the pure solvents. In
the “aqueous” solvent, hM is decreased by a factor
of about 2.9, hE by a factor of about 4.3; /c_iM and
fc_ IE are almost unchanged except for iMat 3 M
salt concentration, where it is about half as big as
in methanol. Compared to pure water, kZH increases
by a factor of about 2 in ethanol-water but decreases
by approximately the same factor in methanol-water;
fc_2H only changes slightly in the mixed solvents. These
small solvent effects are consistent with classical
theory,16 the only slight discrepancy being the low
value of '@2n in methanol-water which will be dis-
cussed below.

(16) C. K. Ingold, “Structure and Mechanism in Organic Chemistry,”
Cornell University Press, Ithaca, N. Y.f 1953, p 345.
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In contrast, the alternate set of coefficients based
on the assumption that N is due to H, r2to M or E
formation leads to solvent effects which are difficult
to rationalize. According to this interpretation a
change from methanol to 22.5% aqueous methanol
would reduce fciM by a factor of 240, /c_iM by a factor
of 29; the similar change from ethanol to 19% aqueous
ethanol would decrease fdE by a factor of 22 and fc iE
by a factor of 4. Finally the addition of 22.5% meth-
anol to water would raise ftH by a factor of 38 and
fc 2H by a factor of 26, whereas the addition of 19%
ethanol to water would augment f2H by nearly a factor
of 10 and fc_H by a factor of over 3. Hence there
can be no doubt that our identification of n with M
and E and r2with H is the only acceptable one.

Solvent Effects,—As pointed out above, the reduc-
tion of fciM and h Ein the “aqueous” solvents compared
to pure methanol and ethanol, respectively, and the
increase of /c2H in ethanol-water are consistent with
Ingold’s¥ theory. It should be emphasized at this
point that the kiR foH, KiR and A 2H but not fc iR
and fc 2H depend on the values of K estimated by
Murto;11 if Murto’s values should be in error, the
rate coefficients dependent on them will contain a
systematic error in addition to the standard deviations
indicated in Table 111.I7 The magnitudes of K are
such that in methanol-water the concentrations of
MeO~ and HO~ are comparable to each other so that
fcaM, /&h, \im, and K2H would be about equally affected
by such a systematic error. In ethanol-water the
equilibrium favors HO“ greatly over EtO“ so that
only fdE and A tE but not f&H and A 2H are very sensitive
to errors in K.

Hence one should not attach too much importance
to the quartitative aspect of the reported solvent effects
on km, KIB and f&H in methanol-water. The small
reduction of f&H in this latter solvent compared to
pure water might be partly due to such a systematic
error in K, though interestingly Murto’s18 rate co-
efficients for the comparable HO- attack on 2,4-di-
nitrofluorobenzene in various methanol-water and
ethanol-water mixtures which are based on the same K
values show an increase in both mixtures as the alcohol
content increases.

(17) There is also a probability of error at high electrolyte concentrations
where K may be slightly different. For lack of more suitable data the same
K has been used in our calculations, independent of electrolyte concentration.

(18) J. Murto, Acta Chem. Scand., 18, 1029 (1964).

Behnasconi and Bergstrom

Thus another rationalization may be in terms of a
special solvation effect due to enhanced water structure
in water of low alcohol contentl which is known to
give rise to irregularities.1920

It is noteworthy that all the rate coefficients for
leaving group departure are barely affected by the
solvent changes. Thus the interesting reactivity pat-
tern of the three bases found in the pure solvents
is essentially unchanged. The abnormally low value
for fc_2H in relation to the equilibrium constant A 2H
when compared to fc_iM and fc iE has been attributed
to intramolecular hydrogen bonding to an ortho nitro
group in H.1

Salt Effect.—That the fciM values in the presence of
0.5 M and of 3 M NaCl come out to be virtually
identical is somewhat surprising. Our working hy-
pothesis that K is equal in both situations may be respon-
sible for this result. fc_iM (which does not depend
on K for its evaluation) shows a significant salt effect
which is similar to the one found for leaving group
departure from the Meisenheimer complex between
2,4-dinitroanisole and MeO* in methanol.2L

Registry No.'— 1,3,5-Trinitrobenzene, 99-35-4; MeO*“,
3315-60-4; HO“, 14280-30-9; EtO*“, 16331-64-9.

Acknowledgment.—We wish to thank Professor J.
F. Bunnett for reading the manuscript and for valuable
suggestions.

Appendix

Derivation of Equation 14.—If we express [M] and
[H] in eq 13 as functions of [T]0and assume eM ~ «h
~ e we obtain eq 19. We can solve for K2which

A= (giMMeO“] + iWffHOI) [T]O

e 1+ AiMMeO-] + 20HHO"] (1

leads to eq 20. In combination with 5 and 6 eq 14 is
A + A,MMeO-] (A - 6;T],)

(20)
(e[T]0- A) [HO-]

obtained.

(19) F. Franks and D. J. G. lves, Quart Rev., Chem. Soc., 20, 1 (1966).

(20) R. G. Bates in “Hydrogen Bonded Solvent Systems,” A. K. Coving-
ton and P. Jones, Ed., Taylor and Francis Ltd., London 1968, p 49.

(21) C. F. Bernasconi, J. Amer. Chem. Soc., 90, 4982 (1968).
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The action of phosphorus oxychloride on 1,5-naphthyridine 1,5-dioxide yields a mixture of isomeric dichloro-

1,5-naphthyridines.

verified by comparison with synthetic samples prepared via known procedures.

The presence of 2,4-dichloro-1,5-naphthyridine and 3,8-dichloro-I,5-naphthyridine was

2,6-Dichloro-l,5-anphthyridine

and 2,8-dichloro-1,5-naphthyridine were prepared by new unambiguous synthetic routes and also found to be

present among the reaction products.
mixture is 2,7-dichloro-1,5-napht.hyridine.
tected anywhere in the reaction products.

all of the products isolated from the reaction mixture substantiate its absence.

dichloronaphthyridines are discussed.

The Meisenheimer reaction is the action of phos-
phorus oxychloride or sulfuryl chloride on the M-oxide
function of pyridine or a polycyclic azine resulting
in nucleophilic substitution by the chloride ion at a
ring carbon and loss of oxygen.2 This reaction usually
gives mixtures of isomers and an extensive review
of the literature has been made by Ochiai.3

Previously we have shown4 that 1,5-naphthyridine
l-oxide yields a mixture of 2- and 4-chloro-l,5-naph-
thyridines from the Meisenheimer reaction rather than
just 2-chloro-l,5-naphthyridine as had been previously
reported by Hart.5 In the same paper, Hart reported
2,6-dichloro-1,5-naphthyridine as the only product iso-
lated from the Meisenheimer reaction on 1,5-naph-
thyridine 1,5-dioxide.5 This result has recently been
questioned6 and we now wish to report our investiga-
tions as to the identity of the reaction products.

We have now repeated Hart’s work using the same
conditions he described.5 Analysis of the mixture by
gas chromatography shows six distinct peaks with
peak 5 having a definite shoulder indicating that the
peak consists of two components. The assignment
of structures to the compounds giving peaks 3, 4, 5,
and 6 was made from interpretation of the nmr and
mass spectra for each and the results are in Table I.

Table |

Components of M eisenheimer Mixture

Peak Percentage” Compd

1 1.1

2 0.3

3 9.4 2,7-Dichloro-1,5-naphthyridine

4 17.6 3,8-Dichloro-I,5-naphthyridine

5 46.1 (37%? 2,6-Dichloro-1,5-naphthyridine
(9% ? 2,4-Dichloro-1,5-naphthyridine

6 25.5 2,8-Dichloro-I, 5-naphthyridine

° These percentages are an average of two runs and the maxi-
mum deviation is 0.36%. 6This value was obtained as an ap-
proximation from fractional sublimation of peak 5.

In addition, the two components of peak 5 and the
identity of the components in peaks 4 and 6 were

(1) (a) Presented in part at the combined Southeast and Southwest
Regional Meeting of the American Chemical Society, New Orleans, La., Dec
2-4, 1970. (b) Taken in part from the Ph.D. Dissertation of A. C. Plasz,
University of Kentucky, 1970.

(2) J. Meisenheimer, Ber., 59, 1848 (1926).

(3) E. Ochiai, “Aromatic Amine Oxides,” Elsevier, New York, N. Y.,
1967, pp 259-269.

(4) E. V. Brown and A. C. Plasz, J. Org. Chem., 32, 241 (1967).

(5) E. P. Hart, J. Chem. Soc., 1879 (1954).

(6) W. W. Paudler and T. J. Kress, Advan. Heterocyd. Chem., 11, 168
(1970).

The mass and nmr spectra indicate that the fifth major product of the
The expected 4,8-dichloro-1,5-naphthyridine isomer was not de-
The independent synthesis of this isomer and comparison of it with

The nmr and mass spectra of the

confirmed by comparison of their nmr spectra with
those of synthetic samples made by unambiguous routes.
The infrared spectra of the four synthetic isomers were
identical with the components of peaks 4, 5, and 6.
Mixture melting points with three of the components
further confirmed their identity.

The preparative gas chromatogram of peak 1 in-
dicates that it is a mixture of two compounds. The
mass spectrum of peak 1 shows the molecular ion
as m/e 198 indicating that at least one and probably
both of the components are dichloro-1,5-naphthyridine
isomers. However, insufficient material was obtained
for further analysis.

No da'a are available to identify peak 2 due to
insufficient material. The material from peaks 1 and 2
amounts to less than 1.5% of the reaction products.
The five dichloro-1,5-naphthyridine isomers which have
been identified comprise over 98% of the prod-
ucts.

The mass spectrum of peak 3 shows a molecular
ion at m/e 198. This indicates the material is a di-
chloro-1,5-naphthyridine. The nmr spectrum con-
sists of two different AB systems with two protons
overlapped, one from each AB system. The chemical
shifts of the protons indicate that the position para
to the nitrogen is unsubstituted in both rings. The
chemical shifts of the other two protons that indicate
one meta and one ortho position also have hydrogens.
The coupling constant of 1.4 cps is typical of ortho-
para coupling indicating substitution at the meta or 3
position. The coupling constant of 8.6 cps is typical
of 3-4 coupling, meaning the 2 position is substituted
in the other ring. The isomer with the chlorine sub-
stituted at the ortho position in one ring and the
meta position in the other ring would be 2,7-dichloro-
1,5-naphthyridine.

The mass spectrum of peak 4 shows m/e 198 as
the molecular ion. The nmr spectrum clearly shows
the presence of two different AB systems and inte-
grates for four protons. The coupling constant 2.1
cps indicates the H2and H4 protons are coupled, mean-
ing the ring is substituted with a chlorine in the 3
position. The AB pattern for the other ring is in-
dicative of chlorine substitution para to the nitrogen
or in the 8 position. The coupling constant of 4.3
cps must come from hydrogens ortho and meta to
the nitrogen. Thus, peak 4 then could only be 3,8-
dichloro-1,5-naphthyridine. The chemical shifts of the
four protons are in full agreement with this assigned
structure as can be seen from Table Il. McCaustland
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Tabite Il

Nmr Spectral Data of Some Chloro-1,5-naphthyridines

————————————————————————————————— Chemical shifts*

Compd Solvent H, Hj H,
2-Chloro-1,5-naphthyridine’ CCl, 7.48 8.19
4-Chloro-1,5-naphthyridinec CCl, 8.66 7.45
2,4-Dichloro-1,5-naphthyridine CDCh 7.75
2,6-Dichloro-l,5-naphthyridine CDCls 7.62 8.23
2,7-Dichloro-1,5-naphthyridine CDCU 7.62 8.35
2,8-Dichloro-1,5-naphthyridine CDCls 7.66 8.77
3,8-Dichloro-1,5-naphthyridine CDCls 8.98 8.44
4,8-Dichloro-1,5-naphthyridine CDCls 8.95 7.82

° Chemical shifts (5) are recorded as parts per million downfield from TMS.

V. Brown and A. C. Plasz, J. Heterocycl. Chem., 7, 593 (1970).

and Cheng7 have recently reported the synthesis of
3,8-dichloro-l,5-naphthyridine from 3-amino-5-chloro-
pyridine via the diethyl ethoxymethylenemalonate
(EMME) route. The 3,8-dichloro-l,5-naphthyridine
we prepared by their method was identical with the
material from peak 4.

Almost one-half of the reaction products are found
in peak 5. There are two components in this fraction
and they have been identified as 2,6-dichloro-1,5-naph-
thyridine and 2,4-dichloro-l,5-naphthyridine and are
present in an approximate 4:1 ratio. This was de-
termined by fractional sublimation which separated
the two isomers. 2,4-Dichloro-l1,5-naphthyridine was
prepared according to Oakes and Rydon.8 The syn-
thetic 2,4-dichloro-1,5-naphthyridine was identical with
that of the more volatile fraction of peak 5. The
nmr spectrum of 2,4-dichloro-l,5-naphthyridine had
the expected AM X system for the unsubstituted ring
with the singlet peak for the H3 proton superimposed
on the quartet from the X proton of the AM X system.
Coupling constants for all protons were typical for
this system. A modification of Fargher and Farness’9
synthesis of 2-chloropyridine applied to 1,5-dimethyl-
I,5-naphthyridine-2,6(1//,5//)-dione1 (1) afforded 2,6-
dichloro-1,5-naphthyridine (2) in 14.4% yield (Scheme
1). The synthetic 2,6-dichloro-l,5-naphthyridine was

identical with the fraction which sublimed above 95°
from peak 5. The nmr spectrum of 2,6-dichloro-Il,5-
naphthyridine was characterized by the expected A2B2
pattern and typical coupling constant and chemical
shifts (see Tables Il and I11).

The identity of peak 6 has been confirmed by the
synthesis of 2,8-dichloro-l,5-naphthyridine. Diethyl
ethoxymethylenemalonate (EMME) and 5-amino-2-
hydroxypyridine were refluxed in phenyl ether at 250°
to afford 7-carbethoxy-2,8-dihydroxy-1,5-naphthyridine
(3). Saponification gave 7-carboxy-2,8-dihydroxy-I,5-

(7) D. J. McCaustland and C. C. Cheng, J. Heterocycl. Chem., 7, 467
(1970).

(8) V. Oakes and H. N. Rydon, J. Chem. Soc., 204 (1958).

(9) R. G. Farcher and R. Farness, ibid., 107, 688 (1915).
(10) H. Rapoport and A. D. Bateho, J. Org. Chem., 28, 1753 (1963).

. Coupling constants6
Ht Hv H,

J21 J3 J67 J66 Jti
8.78 7.53 8.16 8.0 4.3 1.6 8.6
8.89 7.41 8.27 4.5 4.0 1.5 8.4
8.99 7.71 8.30 4.1 1.9 8.4
7.62 8.23 8.4 8.4
8.92 8.32 8.6 1.4
8.33 7.74 8.5 4.5
8.66 7.74 2.1 4.3
8.95 7.82 4.4 4.4
b Coupling constants (J) are in cycles per second. ¢ E-
Table Il
M ass Spectra of Dichloro-1;5-naphthyridine
-Relative abundances-
m/e 2,4 2,6 2,7 2,8 3,8 4,8
202 n 10 10 10 10 11
200 64 64 60 60 56 62
199 10 10 9 9 9 10
198 100 100 100 100 100 100
165 28 25 29 30 18 24
164 8 7 9 9 5 8
163 85 75 94 97 54 73
138 2 2 4 4 7 5
137 2 4 7 9 4 5
136 7 5 14 11 20 17
127 14 56 12 16 5 8
112 12 2 3 3 2 2
103 10 2 3 1 1 1
102 9 3 2 2 1 1
101 10 13 8 10 7 8
100 25 28 25 33 33 38
99 13 11 10 10 12 15
85 5 8 7 11 7 9
81 5 14 7 2 1 3
76 23 23 17 23 17 19
75 32 27 23 30 19 19
74 15 11 12 17 18 21
73 4 12 17 16 16 18
64 8 24 20 22 22 21
63 8 9 16 8 8 7
62 9 8 9 9 7 7
52 13 16 11 15 8 7
51 37 17 11 14 11 10
50 37 36 7 39 28 27
49 10 10 7 11 10 11
Temp, °C 170 170 200 185 185 180
Trap 10 10 70 10 10 10

naphthyridine (4) followed by decarboxylation in min-
eral oil at 300° to yield 2,8-dihydroxy-l,5-naphthyri-
dine (5). The 2,8-dihydroxy-l,5-naphthyridine was
converted to 2,8-dichloro-l,5-naphthyridine (6) by re-
fluxing with a phosphorus oxychloride-phosphorus pen-
tachloride mixture (Scheme 11). The synthetic 2,8-
dichloro-l,5-naphthyridine was identical with the ma-
terial isolated from the peak 6 in the Meisenheimer
mixture. The nmr spectrum of 2,8-dichloro-1,5-naph-
thyridine was characterized by two different AB sys-
tems. Typical chemical shifts and coupling constants
were observed for the AB system of the H3 and H4
protons and the AB system of the H6and H7 protons.
As would be expected, the H3 and H7 protons have
similar chemical shifts; however, the splitting and
slight difference in chemical shifts allow both peaks
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Scheme |11

of each doublet to be distinctly clear in the nmr spec-
trum.

One surprising feature in the analysis of the reaction
products was the fact that no 4,8-dichloro-1,5-naph-
thyridine was formed. In all of the fractions of the
Meisenheimer mixture analyzed by nmr, there was
no indication that 4,8-dichloro-l,5-naphthyridine was
present. The independent synthesis of 4,8-dichloro-
1.5- naphthyridine was achieved using the diethyl
ethoxymethylenemalonate route. Condensation of 4-
hydroxy-3-aminopyridine with EMME in refluxing
toluene gave the uncyclized ester 7. An attempt to
condense and cyclize in one step with phenyl ether
was accompanied by vigorous frothing and foaming
upon formation of the condensation product at 110-
130°. Cyclization of purified 7 to 3-carbethoxy-4,8-
dihydroxy-1,5-naphthyridine (8) in refluxing phenyl
ether proceeded smoothly. Saponification of 8 gave
crude 3-carboxy-4,8-dihydroxy-l,5-naphthyridine (9)
which was directly decarboxylated and sublimed under
vacuum at 250-300° to give 4,8-dihydroxy-1,5-naph-
thyridine (10). The conversion of 10 to 4,8-dichloro-
1.5- naphthyridine (11) was done with a refluxing mix-
ture of phosphorus oxychloride and phosphorus penta-
chloride (Scheme I111). When this compound was in-
jected into the gas chromatograph, its retention time
was higher than any of the other isomers under exactly
the same conditions. The nmr spectrum of 4,8-di-
chloro-1,5-naphthyridine had the expected A2B2pattern
and J2 3coupling constant.

The mass spectra for the dichloro-1,5-naphthyridines
are shown in Table IlIl. The major fragmentation
from the molecular ion of the dichloro-1,5-naphthyri-
dines is the loss of a chlorine atom to give the expected
isotopic cluster at m/e 163 and 165 in a 3:1 ratio
due to the one chlorine atom still attached (spectra
in which metastables are observed which support these
transitions are in Table 1V). Metastable evidence
(Table 1V) supports two different fragmentations from
the m/e 163 and 165 peaks. The loss of HC1 as a
neutral fragment gives rise to the peak m/e 127. The
loss of HCN from m/e 163 and 165 to give the frag-
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Scheme 111

Table IV

M etastables

Parent Daughter Neutral Caled — Ohisd—

ion ion fragment met 24 26 27 28 38 48
200 165 35 13613 v VvV V V V V
200 163 37 13284 v VvV V V V V
198 163 35 13419 VvV VvV V V Vv V
163 136 27 113.47 v V V V V
165 138 27 115.42 vV V V
163 127 36 9895 Vv Vv V V V V
165 127 38 97.75 V V vV V V
127 100 27 7874 v VvV \V

138 -*m 100 38 72.83 v \Y%

136 = 100 36 7353 Vv V vV V V
100 — 73 27 53.29

ments at m/e 136 and 138 still in the approximate
3:1 ratio indicating the chlorine atom has not been
lost yet. The fragments at m/e 138 and 136 expel
HC1 to give rise to a m/e 100 moiety. This m/e 100
moiety also results from the loss of HCN from the
m/e 127 peak. Metastable evidence supports both
fragmentations. Contributions to the peaks at m/e
101, 100, and 99 could also come from doubly charged
ions.

Further fragmentation is quite similar to other naph-
thyridines recorded in the literature.112 The peaks
atm/e 76, 75,74, 64, 63, 52,51, and 50 are characteristic
in naphthyridine spectra,11-:12 and the peaks at m/e
52, 51, 50 and 49 are characteristic of pyridine sys-
tems.13

Experimental Section

Melting points were taken on a Fisher-Johns block and are
corrected unless otherwise stated. Melting points of compounds
which sublime easily were taken in a sealed tube and are uncor-
rected and noted in the text. Infrared spectra were taken on a
Beckman IR-8 spectrometer using potassium bromide pellets.
Nuclear magnetic resonance spectra were obtained with a Varian
T-60 spectrometer using 25 mg of sample and 0.5 ml of solvent
except for the 2,7-dichloro-1,5-naphthyridine where only 3 mg of
compound was obtained pure. The internal standard was TMS
(4%) and deuteriochloroform was the solvent unless otherwise

(11) E. V. Brown, A. C. Plasz, and S. R. Mitchell, J. Heterocyd. Chem.,, 7,
661 (1970).

(12) W. W. Paudler and T. J. Kress, ibid., 4, 547 (1967).

(13) American Petroleum Institute, Research Project 44, “Mass Spectral
Data,” Thermodynamics Research Center Publications, College Station,
Texas, 1966, Spectra No. 617.
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indicated. Mass spectra were obtained with either a Hitachi
Perkin-Elmer R.MU-6E or RMU-7 mass spectrometer with an
ionizing potential of 70 eV. The direct inlet was used and the
temperature and trap current for each compound are in Table
1.

3.8- Dichloro-1,5-naphthyridine was prepared by the method of

McCaustland and Cheng,7mp 176.5-177.5° (lit.7mp 176-179°).

2,4-Dichloro-1,5-naphthyridine was prepared by the method of
Oakes and Rydon,8mp 138-139° (lit.8 140°).

2,6-Dichloro-I,5-naphthyridine (2).—1,5-Dimethyl-I,5-naph-
thryidine-2,6(177,5/7)-dione (1)1 (1.20 g, 0.0063 mol), phospho-
rus pentachloride (2 g, 0.0096 mol), and phosphorus oxychloride
(10 ml) were refluxed for 9 hr. The excess phosphorus oxychlo-
ride was removed under vacuum and ice was added. The mix-
ture was basified with concentrated ammonium hydroxide and a
solid precipitated. The purple solid was removed by filtration to
yield 0.18 g (14.4%). This was sublimed twice under vacuum to
give 0.11 g of yellow powder, mp 258-260° uncor (sealed tube),
(lit.6 236°).

Anal. Calcd for C8HANZ12: C, 48.24; H, 2.01; N, 14.07.
Found: C, 48.40; H, 1.86; N, 14.22.

7-Carbethoxy-2,8-dihydroxy-l,5-naphthyridine (3).—2-Hy-

droxy-5-nitropyridine (20.0 g, 0.143 mol) was reduced with 10%
palladium on carbon in ethanol on the low-pressure (3 atm) Parr
apparatus. The catalyst was removed by filtration and the
ethanol was evaporated. The 5-amino-2-hydroxypyridiue (15.0
g, 0.108 mol) was added to 475 ml of phenyl ether containing
(31 g, 0.14 mol) of diethyl ethoxymethylenemalonate and re-
fluxed at 250° for 1 hr. The solution was cooled, and the solids
were removed by filtration and then slurried in hot Skellysolve B.
Filtration gave 19.6 g of brown crude ester. The brown solid
(18.95 g) was vacuum sublimed at 250-300° for 1 hr to give 5.1 g
(20.2%) of yellow solid. This yellow solid was recrystallized
twice from methanol to give a white fluffy solid, mp 293-295°.

Anal. Calcd for CuHION24: C, 56.41; H, 4.27; N, 11.97.
Found: C, 56.32; H, 4.48; N, 11.73.

7-Carboxy-2,8-dihydroxy- 1,5-naphthyridine  (4).—7-Carbeth-
oxy-2,8-dihydroxy-1,5-naphthyridine (48 g, 0.21 mol) was re-
fluxed in 400 ml of 6% sodium hydroxide for 15 hr. The mixture
was treated with charcoal while hot and was filtered through a
Celite bed. The cooled solution was neutralized with 50%
hydrochloric acid added dropwise to pH 7. The solid was fil-
tered and dried at 110° overnight. The yield was 34 g (80.5%),
mp >350°.

2,8-Dihydroxy-1,5-naphthyridine (5).—7-Carboxy-2,8-dihy-

droxy-l,5-naphthyridine (11.6 g, 0.0565 mol) was slowly added
to stirring mineral oil (500 ml) at 300°. After addition the mix-
ture was kept at 300-310° for 45 min, and the mixture was cooled
and filtered. The solids were washed with Skellysolve B to
remove the mineral oil and dried overnight at 120°. The solid
was then extracted with 500 ml of boiling water and the solution
was filtered. The solution was concentrated to give a solid
which was removed by filtration yielding 2.67 g (29.2%). Sub-
limation under vacuum at 280° separated the dihydroxy com-
pound from the residue. The material was resublimed at 280°
under vacuum and recrystallized from ethanol; another sublima-
tion and final recrystallization from methanol gave a white
powder, mp >360° (sublimes).

Anal. Calcd for C8HaAND 2 C, 59.26; H, 3.70; N, 17.28.
Found: C, 59.02; H, 3.94; N, 17.09.

2.8- Dichloro-1,5-naphthyridine (6).—2,8-Dihydroxy-1,5-naph-

thyridine (2 g, 0.012 mol), phosphorus oxychloride (50 ml), and
phosphorus pentachloride (10 g, 0.048 mol)were refluxed for 4 hr.
The excess phosphorus oxychloride was removed in vacuo and the
residue dissolved in 200 ml of ice water. Ammonium hydroxide
was added and the yellow precipitate was removed by filtration.
The yield, after drying, was 1.15 g, recrystallized from Skelly-
solve B, 1.06 g (43.4%). The material was sublimed at 120-
155° at atmospheric pressure to give the analytical sample as
white needles, mp 153.5-156° (sealed tube).

Anal. Calcd for C8H4ANZ12 C, 48.24; |If, 2.01; N, 14.07.
Found: C, 48.43; H, 1.79; N, 14.03.

Ethyl /3-(4-Hydroxy-3-pyridylamino)-«- carb ethoxyaerylate (7).
—3-Nitro-4-hydroxypyridinel4 was reduced with 10% palladium
on carbon in ethanol on the low-pressure Parr apparatus (3 atm).
The catalyst was removed by filtration and the ethanol was
evaporated to give the crude amine which was used without
further purification for the next step. To a 1-1. three-necked

(14) E. Koenigs and K. Freter, Ber., 57, 1187 (1924).

Brown and Plasz

round-bottomed flask, fitted with a stirrer and condenser, was
added 400 ml of toluene. Diethyl ethoxymethylenemalonate
(20 g, 0.093 mol) and 3-amino-4-hydroxypyridine (5 g, 0.047
mol) were added, and the mixture was heated to reflux and kept
there 8 hr. The solution was cooled, and the product was
removed with suction filtration and recrystallized from methanol
(charcoal) to give 7.7 g. (58.3%) of white plates, mp 243.5°-
245.5°.

Anal. Calcd for CiH,GND 5 C, 55.01; H, 5.72; N, 10.00.
Found: C, 55.21; H, 5.72; N, 9.85.

3-Carbethoxy-4,8-dihydroxy-1,5-naphthyridine (8).—Ethyl /5
(4-hydroxy-3-pyridylamino)-a-earbethoxyacrylate (15 g, 0.054
mol) was added to 450 ml of phenyl ether and refluxed (250-255°)
for 1 hr. The mixture was cooled and filtered. The solid was
washed with large volumes of Skellysolve B until the washings
were colorless and was then refluxed 1 hr in boiling benzene to
remove the remaining phenyl ether, cooled, removed by filtration
from the benzene, and dried to give 6.3 g (50.2%) of dirt-brown
solid. This was sublimed under vacuum at 280° in 1-g amounts
for 3 hr. The sublimer was rinsed clean with hot ethanol and
the ethanol was evaporated to give a total yield of 0.44 g (3.5%)
of yellow solid, mp >300° (sublimes). An additional sublima-
tion and recrystallization from ethanol gave the analytical sample.

Anal. Calcd for CnHioN2D 4 C, 56.41; 11, 4.27. Found:
C, 56.28; H, 4.26.

3-Carboxy-4,8-dihydroxy-1 ,5-naphthyridine  (9).—3-Carbeth-
oxy-4,8-dihydroxy-1,5-naphthyridine (1.0 g, 0.0043 mol) was
refluxed with 50 ml of 4% sodium hydroxide for 4 hr. The solu-
tion was cooled overnight and then acidified with 3 M hydrochlo-
ric acid at pH 7. The precipitate was collected in a sintered glass
funnel and the precipitation process repeated on the mother
liquor three more times. The four crops were dried at 110° for
1 hr and gave 0.68 g (77.3%) of acid which decarboxylates and
sublimes at >320°.

4.8-Dihydroxy-1,5-naphthyridine  (10).—3-Carboxy-4,8-dihy-
droxy-1,5-naphthyridine (0.68 g, 0.0033 mol) wasdecarboxylated
and sublimed under vacuum at 250-300° and the yellow solid
was removed from the sublimer with boiling ethanol-water.
The process was repeated two additional times and the solids
were dried at 110° for 1 hr. The yield of yellow solids was 0.33
g (61.7%), mp >300° (sublimes).

Anal. Calcd for CAHAND 22 C, 59.26; H, 3.70; N, 17.28.
Found: C, 58.79; H, 3.77; N, 17.18.

4.8- Dichloro-1,5-naphthyridine (11).—4,8-D ihydroxy-1,5-naph-

thyridine (0.20 g, 0.0012 mol), phosphorus oxychloride (50 ml),
and phosphorus pentachloride (5 g, 0.024 mol) were refluxed for 1
hr, after which time all of the solid dissolved. After an addi-
tional hour of reflux, the mixture was cooled and excess phos-
phorus oxychloride was removed under vacuum. The resulting
purple, syrupy liquid was cooled in an ice bath and ice-cold dilute
ammonium hydroxide was added with vigorous stirring until the
syrup had dissolved and formed a gray suspension. The mixture
was made strongly basic with additional ammonium hydroxide
and filtered through a sintered-glass funnel, and the precipitate
was washed with 10 ml of 1:1 ice-cold ethanol-water and air-
dried overnight. The crude dichloro compound (0.22 g) was
sublimed under vacuum at 150° to give 0.15 g (61.5%) of grayish
white powder. Recrystallization from Skellysolve B and then
benzene, followed by two sublimations at 200-220° and atmo-
spheric pressure, gave white needles, mp 278-279°.

Anal. Calcd for C8H4ANZ12: C, 48.24; H, 2.01; N, 14.07.
Found: C, 48.38; H, 1.99; N, 14.14.

1,5-Naphthyridine 1,5-Dioxide.5—1,5-Naphthyridine (4.1 g,
0.032 mol), peracetic acid (15 ml), and glacial acetic acid (40 ml)
were heated in a 100-ml round-bottomed flask in an oil bath.
The temperature initially rose to 75° and dropped to 50° where it
was kept for 20 hr. The mixture was cooled in ice, basified with
solid potassium hydroxide, and extracted with 500 ml of chloro-
form, and the chloroform was evaporated. The solids were
extracted with boiling ethanol. Upon cooling, 1.22 g (24.9%) of
yellow needles were collected, mp 298-301° (lit.5301°).

Meisenheimer Reaction.— 1,5-Naphthyridine 1,5-dioxide (1.24
g, 0.00766 mol) and phosphorus oxychloride (40 ml) were mixed
together while cooling in an ice bath. The mixture was brought
to reflux and the dioxide went into solution and then was refluxed
for 30 min. The excess phosphorus oxychloride was removed
in vacuo, 100 ml of ice water and 20 ml of ammonium hydroxide
were added, and the black gum turned into a gray-white solid.
The solid was removed by filtration and air-dried to give 1.17 g of
crude material which softened at 135°, darkened at 175° and



Permanganate lon Oxidations

melted from 205 to 240° where some sublimation was noted.
The mixture was dissolved in acetone and analyzed with a Hew-
lett-Packard Model 5750 gas chromatograph and Infotronics
Digital Readout CR3-108 integrator using a 6 ft X 0.125 in.
Carbowax 20M column at 180°. Six distinct peaks were ob-
tained and the fifth peak had a definite shoulder indicating two
components for that peak. The area percentages calculated for
each peak appear in Table I.

Separation and ldentification of Isomers.—The crude mixture
from the Meisenheimer reaction was separated with a Hewlett-
Packard Model 5750 gas chromatograph using a 20 ft X 0.375 in.
0.d. aluminum column filled with 20% Carbowax 20M on Chro-
mosorb W. The sample was dissolved in acetone and injected
into the column at 230°. The components of the six individual
peaks were collected and the two components of peak 5 were sepa-
rated by fractional sublimation. The components were identi-
fied by their mass, infrared, and nmr spectra and by comparison
with spectra of synthetic isomers where possible. Mixture
melting points were used in three cases as additional proof of
structure. In the cases where infrared and nmr spectra of syn-
thetic isomers and separated isomers could be obtained, they
were identical in all respects leaving no doubt as to the identity
of the compound. The melting point of 3,8-dichloro-I,5-naph-
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thyridine separated from the mixture was 177.5-178.5° and the
mixture melting point with the synthetic sample occurred at
177-178.5°. The melting point of separated 2,4-dichloro-I,5-
naphthyridine from peak 5 was 124.5-130°. The melting point
of separated 2,6-dichloro-1,5-naphthyridine from peak 5 was
257-260° and the mixture melting point with synthetic 2,6-
dichloro-1,5-naphthyridine occurred at 257-259°. The melting
point of 2,8-dichloro-1,5-naphthyridine, separated as peak 6 from
the Meisenheimer mixture, was 154.5-156° and the mixture
melting point with synthetic 2,8-dichloro-I,5-naphthyridine oc-
curred at 154-157°. All of these melting points in this section
were taker, in a sealed tube and are uncorrected.

Registry No.—2, 27017-66-9; 3, 28252-73-5; 4,
28252-74-6; 5,28252-75-7; 6,28252-76-8; 7,28252-77-
9; 8, 28252-78-0; 9, 28252-79-1; 10, 28312-61-0; 11,
28252-80-4; 3,8-dichloro-l,5-naphthyridine, 28252-81-
5; 2,4-dichloro-l,5-naphthyridine, 28252-82-6; 2-chloro-
1,5-naphthyridine, 7689-62-5; 4-chloro-l,5-naphthyri-
dine, 7689-63-6; 2,7-dichloro-l,5-naphthyridine, 28252-
85-9.
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The kinetics of the permanganate ion oxidation of the alkanenitronate anions from nitromethane, nitroethane,
1- and 2-nitropropane, and 1- and 2-nitrobutane have been studied by spectrophotometric stopped-flow tech-

niques.

Between pH 11.6 and 13.7 the reaction follows the rate law v = k[alkanenitronate anion][Mn04-]. The

reactions are characterized by low enthalpies of activation (AH = 6.00 to 8.84 kcal/mol) and large negative

entropies of activation (AB+ =

—16.0 to —23.0 eu).
substituent values and second-order rate constants gives a p of 0.53 at 10°.

A positive salt effect is observed, and correlation of a*

The Kkinetic data suggest that the

rate-determining step involves a stepwise addition of permanganate ion to the carbon of the carbon-nitrogen

double bond in the alkanenitronate anion.

Possible activated complexes for the permanganate ion oxidation of

cyclohexanenitronate anion and phenylmethanenitronate anions are also discussed.

Although Kkinetic and mechanistic studies of the
alkaline permanganate ion oxidation of the potassium
salts of phenylmethanenitronate anions,23 cyclo-
pentanenitronate anion,4 and cyclohexanenitronate
anion4 have been reported in recent years, not one of
them has been concerned with the permanganate ion
oxidation of simple alkanenitronate anions.6 The per-
manganate ion oxidation of the potassium salts of
aliphatic nitro compounds is an excellent preparative
method67 for the synthesis of aldehydes and ketones
(eq 1).6-10 These reactions are also of interest because

Ri 0 -
\
C=N K-+ 2KMn04+ HD =
\
0-
Ri
\Y%
C=0 + 2Mn02+ 3KNO02+ 2KOH (1)
R2
R, = H; R2= (CH3X (69%)7
Ri = H; R2= (CH3ZH (73%)7
R, = H; R2= CH3CH22(97%)7
Ri = CH3 Re = (CH33 (94%)7
Ri = R2= CH3(96%)7

(1) Previous paper in series: F. Freeman and M. A. H. Scott, J. Org.
Chem., 35, 2989 (1970).

(2) F. Freeman and A. Yeramyan, Tetrahedron Lett., 4783 (1968).

(3) F. Freeman and A. Yeramyan, J. Org. Chem., 35, 2061 (1970).

(4) F. Freeman, A. Yeramyan, and F. Young, ibid., 34, 2438 (1969).

of their extremely rapid rates of oxidation (fc2 larger
than 100 1 mol-1 sec-1). It is the purpose of this
work to point out some pertinent features of a rea-
sonable mechanism proposed herein for the perman-
ganate ion oxidation of alkanenitronate anions.

Experimental Section

Reagents.—2-Nitropropane, 1112 1-nitropropane,12 1-nitrobu-
tane, 1314 2-nitrobutane,13 ¥4 nitromethane,12 and nitroethanell
were distilled immediately before use. Distilled water, which
was passed through an ion-exchange cartridge (Type R-2, Illinois
Water Treatment Co., Rockford, 111), was used to prepare all
solutions. Potassium chloride (Malinckrodt) was used to main-
tain 1.0 M ionic strength. Potassium permanganate stock solu-
tions were prepared from Acculute standard volumetric concen-
trates. The pH, which was measured potentiometrically, was
adjusted with Acculute standard volumetric potassium hydroxide
(CO2free) concentrate.

(5) H. B. Hass and M. L. Bender [/. Amer. Chem. Soc., 71, 1767 (1949)1
have suggested that alkali salts of nitroalkanes be named as metal alkane-
nitronates.

(6) H. Shechter and R. B. Kaplan, ibid., 75, 3980 (1953).

(7) H. Shechter and F. T. Williams, Jr., J. Org. Chem., 27, 3699 (1962).

(8) S. Nametkin, J. Russ. Phys. Chem. Soc., 47, 1590 (1915).

(9) S. Nametkin and O. Madaeff-Ssitscheff, Chem. Ber., 52, 370 (1926).

(10) S. Nametkin and A. Zabrodina, ibid., 69, 1789 (1936).

(11) Commercial Solvents Corp.

(12) Aldrich Chemical Co., Inc.

(13) Sample from Professor H. Feuer, Department of Chemistry, Purdue
University, Lafayette, Ind.

(14) Sample from Dr. A. T. Nielsen, U. S. Naval Ordnance Test Station,
China Lake, Calif.
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Figure 1.—A typical pseudo-first-order plot. The conditions
are [2-propanenitronate anion] = 8 X 10-3 Af, [OH-] = 0.20 M,
[MnO<-] = 4.0 X 10-4 M, ji = 1.0, X= 510mn, T = 0.0°.

Rate Procedures.—The rates were determined by observing
the disappearance of permanganate ion at 510 and 522 mju, and
the rate constant determinations were made using a specially de-
signed stopped-flow reactor.34 Pseudo-first-order rate constants
(kj,) were calculated from the slopes of plots of —In [log (T,/T)]
against time (Figure 1) on a CDC 3300 computer.5516 The rate
constants given in the tables are the average of two or more de-
terminations.

Temperature in the stopped-flow cell was maintained (+0.02°)
with a Forma Model 2095-2 refrigerated and heated bath and
circulator. Dry air was blown around the cell to preclude con-
densation at low temperatures.

Results

Kinetic Data.—The kinetic data for the perman-
ganate ion oxidation of 2-propanenitronate anion (1)
are summarized in Table I. The first-order dependence

Table |
Permanganate lon Oxidation of 2-Propanenitronate
Anion at pH 13.0“

[2-Propane-
nitronate anionl. [MnO.-] X fcl, 4 kf X
10! M 10* M sec-1 10-a M~1 aec_;
2.0 4.0 0.297 1.48
4.0 4.0 0.606 1.51
6.0 4.0 0.867 1.45
8.0 4.0 1.18 1.48
12. O 4.0 1.71 1.42
16.0° 4.0 2.14 1.33
8.0 2.0 0.991 1.24
8.0 6.0 1.10 1.37
8.0 8.0 1.14 1.42
8.0/ 2.0 0.955 1.24
8.0/ 4.0 1.12 1.40
8.0/ 6.0 0.993 1.24
8.0/ 8.0 1.05 1.33

°[OH-] = 0.1 M, n — 1.0, X= 510mM T = 0.0°. bPseudo-
first-order rate constant. ' Second-order rate constant = k+/[2-
propanenitronate anion]. dOne determination. ' Rate almost
too fast for the capability of the stopped-flow system. / X = 522
m/i.

(15) K. B. Wiberg and R. D. Geer, J. Amer. Chem. Soc., 87, 5202 (1965);
88, 5827 (1966).

(16) K. B. Wiberg, “Computer Programming for Chemists,” W. A.
Benjamin, New York, N. Y., 1965, p 168.
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Figure 2.—Effect of potassium 2-propanenitronate on the
pseudo-first-order rate constants for the permanganate ion oxida-
tion of potassium 2-propanenitronate at 0.0°.

on the concentration of 1is shown in the plot (Figure 2)
of the pseudo-first-order rate constant (K%) Vs. an
eightfold range of concentration of 1 which gives a
straight line that goes through the origin. The con-
stancy of the pseudo-first-order rate constant (/ty)
at constant hydroxide ion and 1 concentrations and
changing permanganate ion concentration indicates a
first-order dependence on permanganate ion. Figure 1,
which illustrates a typical linear pseudo-first-order plot,
further confirms the first-order dependence on per-
manganate ion concentration. The effect of hydroxide
ion concentration on the rate of oxidation is summarized
in Table I1.

Table Il

Kinetic D ependence on Hydroxide lon Concentration*

[OH- 1 ™M pH k~,b sec
1.4 X 105 9.14' 0.64
1.3 X 10-3 11.1 0.86
3.9 X 10-3 11.6' 0.93
0.02 12.3 0.95
0.085 12.9 0.90
0.10 13.0 1.14
0.17 13.2 1.00
0.32 13.5 1.00
0.50 13.7 1.14

“ [2-Propanenitronate anion] = 8.0 X 10-3 M, [Mn04-] =
40 X 10-4 M, m= 1.0, X = 510 m/i, T = 0.0°. 6Pseudo-first-
order rate constant. ' Unbuffered solution.

It is seen at constant 1 concentration and constant
permanganate ion concentration that the pseudo-first-
order rate constant (K does not change appreciably
on a 125-fold range of hydroxyl ion concentration;
this observation confirms a zero-order dependence



Permanganate lon Oxidations

on hydroxide ion concentration. Consequently, the
data are consistent with the following rate law.

v = ([2-propanenitronate anion] [MnO,-] (2)

Effect of Added Salts on Rates.— Table 111 shows
that there is a positive salt effect in the permanganate
ion oxidation of 1.

Table 111

Effect of lonic Strength on the Rate of Oxidation
of 2-Propanenitronate Anion at pH 13.0°

e k~b sectl ki,c M~1sec
0.1 0.46 57.3
0.25 0.63 79.4
0.50 0.81 101.6
0.75 0.95 118.6
1.0 1.09 136.0

“ [2-Propanenitronate anion] = 8.0 X 10~sM, [OH-] = 0.1
M, [MnO*-] = 4.0 X 10"4M, X = 510 m/x, T = 0.0°. ‘ Pseudo-
first-order rate constant. c Second-order rate constant = kj,/[2-
propanenitronate anion].

Thermodynamic Parameters.—The activation pa-
rameters for the permanganate ion oxidation of eight
alkanenitronate anions are summarized in Table V.

Table IV

Activation Parameters for the Permanganate lon
Oxidation of Some Alkanenitronate Anions at pH 13.0°

AF*, AH*, -AS*,
Anion kcal/mol kcal/mol eu
Methanenitronatel 131 8.51 16.6
Ethanenitronate4 13.0 8.40 16.4
1-Propanenitronate4 12.9 6.00 24.7
2-Propanenitronate” 13.3 8.84 16.0
1-Butanenitronate4 13.0 7.72 18.9
2-Butanenitronate4 13.3 6.86 23.0
Cyclohexanenitronate” 12.9 7.47 19.6
Phenylmethanenitronate 13.1 6.58 23.5
° Calculated on a CDC 3300 computer, 4Thiswork. c Refer-
ence 4. dReferences 2 and 3. <pH 13.6.

Linear Free-Energy Relationships.—Table V sum-
marizes the rate data for the permanganate ion oxida-

Table V

Effect of Substituents on the Rate of Permanganate lon
Oxidation of Some Alkanenitronate Anions at pH 13.3“

Ri O-
\ + /
C=N K+ k,.c
/ \ kt,b
R, O- sec"l sec-1 Ztrd  Log &
Ri = R2=H 1.47 368 0.980 2.57
Ri = H;R2= CH3 1.98 496 0.490 2.70
Ri= H;R2= CHXH3 2.19 548 0.390 2.74
Ri = H; R2= CHXHZXH3 1.96 490 0.375 2.69
Ri = R2= CHs 1.12 280 0.000 2.45
R. = CH3 R2= CHZXH3 1.11 277 - 0.100 2.44

a [MnOr] = 4.0 X 10'4M, [OH-] = 020 M, m= 10, X =
510 m/i, T = 10.0°. bPseudo-first-order rate constant. ¢ Second-
order rate constant = ;"/[alkanenitronate anion]. dR. W. Taft,
Jr., in “Steric Effects in Organic Chemistry,” M. S. Newman,
Ed., Wiley, New York, N. Y., 1956, p 556.

tion of six alkanenitronate anions. Correlation of a*
substituent constants and second-order rate constants
(k2 (excluding the value for methanenitronate anion)
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Table VI

Acidity Constants of Some Nitroalkanes

Nitroalkane Ka pXa
Nitromethane”'6 6.1 X I0*1 10.2
Nitroethane"'4 2.5 X io-9 8.6
1-Nitropropane“m 1,1 X io-» 8.98
2-Nitropropane6 2.1 X 108 7.7
I-Nitrofcutane” 2.5 X 10"9 8.6
2-Nitrohutane” 1.8 X 10-« 7.8
Phenylnitromethane” 1.6 X 10-' 6.8

R. G. Pearson and R. L. Dillon jr. Amer. Chem. Soc., 72, 3574
(1950). bG. W. Wheland and J. Farr, ibid., 65, 1433 (1943).
¢ W. Kemula and W. Turnowska-Rubaszewska, Rocz. Chem., 37,
1597 (1963).

gives a p of 0.53, a correlation coefficient (r) of 0.963,
and a standard deviation (s) of 0.045.
Discussion

Primary and secondary nitroalkanes yield alkali metal
salts in sodium or potassium hydroxide solution (Ta-

ble VI). Self-consistent molecular orbital calcula-
H Ri O-
) \ +
Ri—h—NO02+ M+OH- C=N M++ HD (3)
| / \
r2 r2 o -
Ri = H; R2= alkyl
Ri = R2= alkyl

M + = potassium or sodium

tions1718 and ultraviolet,18 infrared,19 and Raman19
spectra suggest that in alkanenitronate anions there is
a delocalization of the six & electrons which results in
essentially aC =N and two equivalent N— O bonds with
low double bond character.

It is seen from the kinetic data that the perman-
ganate ion oxidation of alkanenitronate anions is zero
order in hydroxide ion concentration, first order in
alkanenitronate anion concentration, and first order
in permanganate ion concentration. The zero-order
dependence on hydroxyl ion concentration is consistent
with a mechanism involving the alkanenitronate anion
and permanganate ion in the rate-controlling step
(Scheme 1). Although Scheme | depicts the forma-
tion of 4 as the slow step, the kinetic data do not exclude
the formation of s, via a concerted cis cycloaddition,
as the rate-limiting step (eq 4).

slow
3+ MnCh"— >5 4)

The data on the effect of alkyl substituents (Table V)
show that an increase in alkyl substitution on the
carbon of the C=N causes only a slight change in
the rate of oxidation. The observed small p value
(0.53) is similar to the small values obtained in the
permanganate ion oxidation of phenylmethanenitronate
anions (—0.67),3 in the permanganate ion oxidation
of salts of unsaturated carboxylate anions (=0),5
and in cis-1,3-dipolar cycloaddition reactions (+0.8
to +1.2).20 Consequently, the activated complex in
the permanganate ion oxidation of alkanenitronate

(17) N. Jonathan, J. Mol. Spectrosc., 7, 105 (1961).

(18) F. T. Williams, Jr., P. W. K. Flanagan, W. G. Taylor, and H.

Shechter, J. Org. Chem., 30, 2674 (1965).

(19) M. J. Brookes and N. Jonathan, Spectrochim. Acta, Part A, 25, 187
(1969).

(20) R. Huisgen, R. Graskey, and J. Sauer in “ The Chemistry of Alkenes,”
S. Patai, Ed., Interscience, London, 1964, p 844.
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Scheme |
H
1 *,
—c—NO02 + OH- - - c= + HO
I R
R 3
R
1
3+ Mnoa 9 TT§T <
dowv CR+ AnT'0O’
Mn.
/ <
0
4
Rt
| +/ 0-
Ra— C -.—N. K,
fast 6) {0 O fast
Mn
/Y
Ru
C=0 + MnOY + no;
R/
MnO. + MnOj + 20H 2Mn04~ + HO

fast

anions probably has a close resemblance to either
structure 4 or 5.

1,3-Dipolar cycloaddition reactions require strict
orientation of the components in the activated complex.
Consequently these reactions are characterized by small
values for the enthalpy of activation and large negative
values for the entropies of activation (AS® = —25
to —45 eu). Permanganate ion presumably reacts
with unsaturated systems via a concerted cis-cyclo-
addition mechanism.315212 These oxidations have
AH* values of 4.8 to 7.5 kcal/mol and AiS* values
of —24 to —36 eu.5 It is seen that the observed
AiS* values (—16.0 to —23.0 eu) for the permanganate
ion oxidation of alkanenitronate anions are not very
similar to cis-1,3-dipolar cycloadditions2324 and per-
manganate ion cycloaddition reactions. Therefore, the
activated complex for the permanganate ion oxidation
of alkanenitronate anions probably cannot have a very
close resemblance to 6.5

-i*

>>
Q

"
"
Zy

~ o 0-3
=

V

(21) K. B. Wiberg and K. A. Saegebarth, J. Amer. Chem. Soc., 79, 2822
(1957).

(22) V. Boeseken, Reel. Trav. Chim. Pays-Bas, 40, 553 (1921).

(23) Reference 20, p 834.

(24) R. Huisgen, Angew. Chem.,, Ini. Ed. Engl., 2, 633 (1963).

(25) Although bond formation begins simultaneously, cycloaddition does
not require that the two new bonds be formed at identical rates. Bond
formation at different rates could lead to charge separation in the transition
state region.
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There is a remarkable similarity among the salt
effects, AF* values, AH* values, and AtS* for the
permanganate ion oxidation of alkanenitronate anions,
cyclopentanenitronate anion,4 cyclohexanenitronate
anion,4 phenylmethanenitronate anions,23 and other
anions.2® Consequently the kinetic data for the
permanganate ion oxidation of alkanenitronate anion,
and probably for cycloalkylnitronate anions and phenyl-
nitromethane nitronate anions, are consistent with a
rate-determining attack of permanganate ion at the
carbon of the C=N with a synchronous movement
of a pair of electrons to the nitrogen atom to give
the possible activated complex (7). Carbon-oxygen

| *

Ri

R.-C— N~*°

AV

bond formation logically leads to the intermediate 4
which then rearranges to 5 according to Scheme 1.

The argument against activated complex 6, which
is partly based on AS + values, is an oversimplification®
since the charge type of the reactants for the alkaneni-
tronate anion oxidation is not the same as the model
reactants. Also, values of AS* are known to be deter-
mined by solvation effects in many reactions,4 and a
vast majority of permanganate ion oxidations generally
have large negative entropies of activation.1-4'15%6
Consequently, one must also consider structures such
as 8-11, which influence the charge density at the

a- a-
R\ + /°~Hh .
Ryi+ ap/L'H
R, o-H C~N 0
a- a- R, o-H
8 9
a_
Ri\ +/ \ ar
c=n Tk
rT \Y
/ C=N~ a- .
a- K ~No—i
10 u

nitronate carbon and the carbon-nitrogen double bond
character, in a discussion of the influence of electronic,
steric, and solvation factors on the mechanism.42%

Registry No.—Potassium methanenitronate, 28273-
52-1; potassium ethanenitronate, 26241-08-7; potas-
sium 1l-propanenitronate, 28273-54-3; potassium 2-
propanenitronate, 28273-55-4; potassium 1-butane-
nitronate, 28273-56-5; potassium 2-butanenitronate,
28273-57-6.

(26) F. Freeman, J. B. Brant, N. B. Hester, A. A. Kamego, M. L. Kasner,
T. G. McLaughlin, and E. W. Pauli, J. Org. Chem., 36, 982 (1970); S. M.
Taylor and J. Halpern, J. Amer. Chem. Soc., 81, 2933 (1959).

(27) M. Fukujama, P. W. K. Flanagan, F. T. Williams, Jr., L. Frainier,
S. A. Miller, and H. Shechter, ibid., 92, 4689 (1970).
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V.1

Oxidations of Phenols and Related CompoundsZ3
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Silver carbonate on Celite in neutral media effects selective oxidative coupling of hindered phenols giving the

corresponding dipheno- and stilbenequinones in high yields.
When coupling was not possible due to steric factors, the stable phenoxy
Hydroquinones and pyrocatechols gave the corresponding p- and o-
Oxidation of p-hydroxydiphenylamine and o-aminophenol gave the corresponding

were also oxidized by silver carbonate.
radicals were isolated quantitatively.
quinones in excellent yields.
monoanil and phenoxazone, respectively.

Phenol coupling is an important synthetic tool and an
essentia] step in the biosynthesis of many alkaloids and
other natural products.8 The reagents most exten-
sively employed to effect this coupling (ferricyanide,
ferric chloride, metal oxides, €0, Mn02 Pb02 HgO,
Agd, etc.) often suffer from poor selectivity and usu-
ally give a mixture of quinones, dimers, and poly-
mers, the product distribution varying widely with the
nature of the reagent. Moreover, the alkaline or
acidic media required for these oxidations limit their
applicability when sensitive functional groups are pres-
ent.

The recently reported oxidizing agents, vanadium
tetrachloride4 and vanadium oxychloride, are useful in
the preparation of some diphenols and diamino phenols.
The oxychloride has been used advantageously in the
intramolecular oxidative coupling5 of 1,3-bis(hydroxy-
phenyl)propane; however when applied to hindered
phenols either they did not react or gave comparatively
poor yields.

Manganic tris(acetylacetonate) (M TA),6another new
reagent which acts in homogeneous solution, has been
found to bring about coupling of phenols to diphenols in
fair yields, and the reaction can be controlled to give di-
phenols rather than quinones, but neither the experi-
mental details nor its scope has yet been published.

Isoamyl nitrite7 oxidizes 2,6-disubstituted phenols to
the diphenoquinones in 50-60% yield, but the yields are
lowered when the substituents are bulky or deacti-
vating. Furthermore, there is the complication of the
possible oximination by the reagent.

An interesting modification of Pb02 oxidation car-
ried out in polar solvents8 gives diphenoquinones or p-
benzoquinones almost exclusively.

M nO02silica gel9 has been employed for the bio-
genetic type oxidative coupling of reticuline to saluta-
ridine in 4% yield. Despite the somewhat higher yield

(1) (a) Part I: M. F6tizon and M. Golfier, C. R. H. Acad. Sci., 267,
900 (1968). (b) Part Il: V. Balogh, M. F6tizon, and M. Golfier, Angew.
Ckem., 81, 423 (1969); ibid., Ini. Ed. Engl., 8, 444 (1969). (c) Part IlI:
M. F~tizon, M. Golfier, and J-M. Louis, Chem. Commun., 1102 (1969).
(d) Part IV: M. F6tizon, M. Golfier, and J-M. Louis, ibid., 1118 (1969).

(2) For a preliminary communication on this subject, see ref Ib.

(3) W. I. Taylor and A. R. Battersby, “Oxidative Coupling of Phenols,”
Marcel Dekker, New York, N. Y., 1967, and papers cited therein.

(4) W. L. Carrick, G. L. Karapinka, and G. T. Kwiatkowski, J. Org.
Chem., 34, 2388 (1969).

(5) M. A. Schwartz, R. A. Holton, and S. W. Scott, J. Amer. Chem. Soc.,
91, 2800 (1969).

(6) M. J. S. Dewar and T. Nakaya, ibid., 90, 7134 (1968).

(7) R. A. Jerussi, J. Org. Chem., 35, 2105 (1970).

(8) C. R. H. I. de Jonge, H. M. van Dort, and L. Vollbracht, Tetrahedron
Lett., 22, 1881 (1970).

(9) B. Frank, Z. Dunkelmann, and H. J. Lubs, Angew. Chem., Int. Ed.
Engl., 6, 1075 (1967).

Bis phenols obtained by reduction of these quinones

obtained with this reagent, it still falls short of being a
useful synthetic tool.

Some cobalt complexes of the salcomine typel0 have
been reported to catalyze the autoxidation of phenols.

In spite of the obvious advantages, the anodic oxi-
dation of phenolsll has not been studied extensively
since the early work by Fichter. None of the few re-
cent examples12 13 effects carbon-carbon coupling as the
main feature.

We report here on the oxidation of phenols by silver
carbonate/Celite a highly specific and selective oxi-
dizing agent, the usefulness of which in the oxidation of
a variety of aliphatic and alicyclic hydroxy compounds
has already been demonstrated.1 Oxidation of phenols
by this reagent is superior to the existing reagents in the
ease of operation and the homogenity and facile re-
covery of the products. The reaction is conducted in
an inert organic solvent under mild conditions. When-
ever coupling is observed, it is exclusively carbon-
carbon.

Results

Selective Oxidative Coupling.—Oxidation of 2,6-
dimethyl-, 2,6-diisopropyl-, and 2,6-di-fcri-butylphenol
give the corresponding diphenoquinones 2a-c resulting

R

a,R= CH3
b, R= CH(CH32
c, R= C(CH33

from para-para C-C coupling and subsequent oxida-
tion of the dimers 3a-c. The redox potential of the
reagent (Ag+ + e~ -*m Ag ~0.80 V) is high enough to
oxidize the dimers to extended quinones. The di-

tto) L. H Vogt, Jr., J. G. Wirth, and H. L. Finkbeiner, J. Org. Chem., 34,
273 (1969).

(11) A. I. Scott, Quart. Rev., Chem. Soc., 19, 1 (1965).

(12) F. W. Steuber and K. Dimroth, Chem. Ber., 99, 258 (1966).

(13) A. B. Suttie, Tetrahedron Lett.,, 21, 953 (1969), and papers cited
therein.
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phenoquinones 2a-c were reduced by sodium hydrosul-
fite in weakly alkaline solutions. These diphenols
could be readily reoxidized to the parent quinones by
silver carbonate.

Oxidation of hindered phenols bearing a methyl
group at the para position (4a-c) gives the corre-

AdlCQd

a, R=R'=CH3
b,R = R' = CfCH33
¢, R = CH3R' = CfCH33

sponding stilbenequinones 5a c in high yields; dimeriza-
tion probably occurs via the intermediate benzyl rad-
icals. On reduction with zinc and acetic acid these
quinones give the corresponding 4,4'-dihydroxystilbenes
6a-c which are reconverted to the stilbenequinones by
oxidation with silver carbonate (Tables | and I1).

Table |
Mol of Reaction  Product, Mp, °c

Phenol  AgZC03  time, hr % vyield Found Lit.

la 4.4 0.5 2a, 98 217-218 215»
Ib 5.0 15 2b, 100 200-201 199-2036
Ic 4.4 2.0 2c, 99 248 245-247»
3a 4.2 0.5 2a, 98 218-219

3b 4.3 1.5 2b, 97 198-200

3c 4.1 2.0 2c, 95 247

4a 4.4 2.0 5a, 93 227-228 220-230«
4b 4.2 1.0 5b, 90 313-314 316*
4c 4.5 2.0 5c, 97 225 225
6a 32.0 0.5 5a, 83 228-229

6b 32.0 1.0 5b, 90 312-314

6¢ 37.0 2.0 5c, 83 249-250

7 6.1 2.0 8, 100 ~-80 dec ~80 decO
10 14.3 3.0 11, 98 154-155 157.5°

» R. G. R. Bacon and A. R. lIzzat, J. Chem. Soc. C, 791 (1966).
‘W. B. Wheatley and C. T. Holdrege, J. Org. Chem., 23, 568
(1958). *H. Hart and F. A. Cassis, Jr., 3. Amer. Chem. Soc., 73,
3179 (1951). dK. Fries and E. Brandes, Justus Liebigs Ann.
Chem., 542, 48 (1939). *R. H. Bauer and G. M. Coppinger,
Tetrahedron, 19, 1201 (1963). 1J. R. Dunn and W. A. Waters,
J. Chem. Soc., 2993 (1953). »C. D. Cook, D. A. Kuhn, and P.
Fianu, 3. Amer. Chem. Soc., 78, 2002 (1956). hM. S. Kharasch
and B. S. Joshi, J. Org. Chem., 22, 1435 (1957).

Stable Free Phenoxy Radicals.— The formation of a
stable free phenoxy radical by one-electron oxidation of

Balogh, Fétizon, and Golfier

Tabie |l
Product, ~emememeeeeeeee- Mp, °C-

Quinone % yield Found Lit.
2a 3a, 85 228-229 226»
2b 3b, 89 118-119 115-1176
2c 3c, 95 184-185 185*
5a 6a, 81 237-240 239-240«
5b 6b, 80 244-246 240-241*
5c 6¢, 89 167-168 171"

“ See footnote a in Table I. “Chem. Abstr., 63, 5561/ (1965);
Neth. Appl. 6,410,238 (Mar 4, 1965). cM. S. Kharasch and
B. S. Joshi, J. Org. Chem., 22, 1439 (1957). *See footnote d in
Table I. «C. D. Cook, J. Org. Chem., 18, 261 (1953). ' Chem.
Abstr., 49, 3263a (1955); British Patent 699,180 (Nov 4, 1953).

a phenol becomes possible when all C-C coupling posi-
tions are protected by bulky groups. Thus oxidation
of 2,4,6-tri-feri-butylphenol and 4,4'-dihydroxy-3,5,3",-
S'-tetra-teri-butyldiphenylmethane in benzene solu-
tions under argon atmosphere gives the free radicals 8
and 11 quantitatively. In the presence of air 8 gives
the peroxide 9. In contrast, 11 in benzene solution is

R = C(CH33

quite stable toward molecular oxygen; however in
methanol it decomposes to 2,6-di-terf-butyl-p-hydroxy-
benzaldehyde, 3,5,3'5'-tetra-terf-butyldiphenoquinone,
and a trace of an unidentified red oil.
0-Quinones.—Oxidation of catechols 12a-d by silver
carbonate affords highly pure o-quinones 13a-d in
essentially quantitative yields (Table I111). Oxidations
of this type using other reagents4in the few cases where
yields were specified reportedly ranged from 12 to 81%.
p-Quinones.—A large number of known oxidizing
agents are able to transform hydroquinones to quinones
in high yields.15 Silver carbonate/Celite also converts
hydroquinones to quinones quantitatively and is a

(14) See, for some of the examples, Table 11, footnotes a-d.
(15) See Table 111, footnote a.
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Tabie Il

Mol of Reaction Product, O Mp, °C-----------
Phenol AgiCOa time, hr % yield Found Lit.
12a 5.0 2.00 13a, 98 60-70 60-70"
12b 5.0 3.00 13b, 100 76-80 75-84*
12¢c 5.0 3.00 13c, 98 66-67 68"
12d 5.0 3.00 13d, 99 114-115 113-114*
1l4a 2.0 1.00 15a, 97 116 116"
14b 2.0 1.00 15b, 98 65.5-66.5 68-69"
1l4c 2.0 1.00 15¢, 100  139-141 145»
14d 2.5 1.00 15d, 98 44-45 46—47*
14e 5.0 2.00 15e, 98 152 152-153'
14f 5.0 2.00 15f, 99 290 290"
16 2.5 1.25 17, 100 123.5-124.5 124-125’
18 2.0 0.16 19, 97 102-103 100-101*
20 4.0 0.25 21, 33 255-256 249’

“Z. E. Jolies in “Chemistry of Carbon Compounds,” Vol.
111B, Elsevier, New York, N. Y., 1956, p 704, et seg. 6J. Cason,
Org. React., 4, 314 (1948). cChem. Abstr.,, 52, 432i (1958);
U. S. Patent 2,782,210 (Feb 10, 1957). dChem. Abstr., 57,
85040 (1962); German Patent 1,126,852 (April 5 1962). »F.
Kehrman and E. Hoehn, Helv. Chim. Acta, 8, 221 (1925). eP.
T. T. Sah, Réel. Trav. Chim. Pays-Bas, 59, 454 (1940). 1L. I.
Smith and W. B. Irwin, J. Amer. Chem. Soc., 63, 1036 (1941).
*L. F. Fieser, 3. Amer. Chem. Soc., 70, 3165 (1948). 'S. G.
Cohen, ibid., 69, 1057 (1947). >L. F. Fieser in “Organic Syn-
theses,” Collect. Vol. I, 2nd ed, Wiley, New York, N. Y., 1941,
P 383. *R. Willstatter and C. W. Moore, Chem. Ber., 40, 2665
(1907). " A. M. Osman and I. Bassioni, J. Amer. Chem. Soc.,
82, 1607 (1960).

particularly useful reagent to prepare acid- or base-
sensitive quinones. Thus to prepare 15c from the hy-

R,
OH
Ra OH

128 Ri= R = Rs= H
BRF@ZH;RFCHs

R3= H; R2= C(CH33

2= H;R1=R3=C(CH33

14a,

i R

d _G-tl ~

e, R, = R2= C(CH3;

f, tetrachlorohydroquinone

droquinone 14c, oxidation bj’ 2 equiv of silver carbonate
in methylene chloride is by far the best available
method. Oxidation of 1,4-dihydroxynaphthalene (16)
gives 1,4-naphthaquinone (17). (Cf. Table 111.)

Oxidation of Aminophenols.—Silver carbonate oxida-
tion of p-hydroxydiphenylamine (18) gives the quinone
monoanil 19 in quantitative yield. o-Aminophenol
gives the dimeric phenoxazone 21 (Table I11), a prod-
uct which has been obtained using other oxidants.1l
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Experimental Section

A. Preparation of the Reagent.— The Celite support is purified
by washing it successively with methanol containing 10% con-
centrated HC1 and then with distilled water until neutral;
it is finally dried at 120°.

Purified Celite (30 g) is added to a mechanically stirred solution
of 34 g (200 mmol) of silver nitrate in 200 ml of distilled water.
A solution of 30 g (105 mmol) of NaZZ0O3 10H2 (or 21 g, 210
mmol of KHCOJ) in 300 ml of distilled water is then added slowly
to the resulting homogeneous suspension. When the addition is
complete, stirring is continued for a further 10 min. The yellow-
green precipitate which is formed is then filtered off and finally
dried in a rotary evaporator over a period of several hours.
The silver carbonate/Celite reagent contains about 1 mmol of
Ag203 0.57 g.

B. Oxidations. General Procedure.— Before use, the re-
agent is freed from the residual water azeotropically by distilla-
tion with benzene. The compound to be oxidized is then added
and refluxed in benzene (ca. 200 ml for 0.5-2.0 g of compound).
At the end of the reaction, determined by tic monitoring, the
solid phase is filtered off and the solvent evaporated. The
product is usually highly pure and recrystallization is unneces-
sarv. Reaction times and molar ratios are given in Tables |
and 111,

Free radicals 8 and 11 forming reactions are conducted under
argon atmosphere.

Pyrocatechol and its derivatives 12b-d are oxidized at 0° and
room temperature, respectively, under constant stirring.

Hydroquinones 14a-c and o-aminophenol (20) are oxidized
in boiling methylene chloride. The oxidation of 18 is carried out
in the same solvent but at room temperature.

C. Reductions. General Procedures. 3,3'5,5-Tetramethyl-
4,4'-dihydrcxybiphenyl (3a).—To a suspension of 0.65 g of the
diphenoquir.one 2a in 35 ml of ether a solution of 6.5 g of
sodium hydrosulfite in 70 ml of aqueous NaOH (1 N) is added.
After shaking the mixture for about 30 min the colorless aqueous
layer is acidified by concentrated HC1. Filtration gives 0.57 g
of a white precipitate which is dried in vacuo: mp 228-229°;
nmr (D3CCOCD3) 87.17 (s, 4), 3.12 (s, 2), 2.30 (s, 12).

Anal. CalcdforC.eHjgOs: C, 79.3; H, 7.5; 0,13.2.
C, 79.4; H, 7.5; O, 13.4.

3,3',5,5,-Tetramethyl-4,4'-dihydroxystilbene (6a).—A solution
of 0.05 g of the stilbenequinone 5a in 100 ml of acetic acid is
shaken with 4 g of zinc dust for about 1 hr. The colorless mixture
is filtered and the filtrate neutralized by sodium bicarbonate.
Extraction by ether and evaporation of the solvent gives 0.04 g
of yellow' crystals: mp 237-240°; nmr (DXCOCD3J3) 8 7.12
(s, 3.8), 6.87 (s, 1.9), 3.00 (s, 2.1), 2.24 (s, 12.1).

Anal. Cilcd for C,8H202 C, 80.6; H, 7.5; 0,11.9.
C, 80.4; H, 7.5; 0, 12.0.

Oxidation and reduction products were identified by their
melting points’*and elemental analyses.1l The spectral measure-
ments are all in agreement with the reported structures.

Found:

Found:

Registry No.—3a, 2417-04-1;
carbonate, 534-16-7.

6a, 25347-59-5, silver

(16) Melting points were determined on a Kofler hot stage and are un-
corrected.

(17) satisfactory combustion analytical data have been obtained on the
following compounds—diphenoquinones 2a—e, stilbenequinones 5a-c, di-
hydroxybiph~nyls 3a-c, 4,4'-dihydroxystilbenes 6a-c, peroxide 9, radical 11,
o-quinones 12a-d, p-quinones 15b-e, quinone monoanil 19, and phenoxa-
zone 21: Ed.
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Solvatochromie Shifts for Some 4-Nitroaniline and 4-Nitrophenol
Derivatives as Measures of Relative Solvent Proton Affinities

Richard R. Minesinger, Eleonore G. Kayser, and Mortimer J. Kamlet*

Advanced Chemistry Division, U. S. Naval Ordnance Laboratory, White Oak, Silver Spring, Maryland 2C910
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Enhanced red shifts (—AAi/max) of the [+R2N =C i-*-C(=N02~] band in the ultraviolet spectrum for 4-nitro-
aniline relative to V,iV-diethyl-4-nitroanilme on going from cyclohexane to oxygen-base solvents are attributable
primarily to the bathochromic influence of hydrogen bonding by 4-nitroaniline to these solvents and are considered

to be measures of relative solvent-proton affinity.
R in a series of ROH solvents which includes water.

Such AA>/mai values show good correlation with a* values of
Good correlations between —AArmax and a* values are

also obtained from the following pairs: A-ethyl-4-nitroaniline/.V,Ardiethyl-4-nitroaniline and 4-nitrophenol/4-

nitroanisole.

These probes of relative solvent-proton affinity do not, however, show ethers to be better hy-

drogen-bond acceptors than alcohols, probably because of steric factors.

In terms of inductive effects, one would expect ethers
to be better proton acceptors than alcohols which, in
turn, should show stronger proton affinities than water.
However, most indicator and titration studies repre-
sent water as being more basic than alcohols and ethers,1
and among the simple alcohols the basicity order is
often reported as antiinductive.12 Indeed, Arnett has
argued convincingly that any attempt to establish a
single ordering for the oxygen bases toward differing
classes of acidic species is likely to be doomed from the
start;lit is difficult to disagree with this appraisal.

The complications arise from three factors which are
liable to outweigh simple proton affinity effects: (a)
significant solvent reorganization under the influence of
the titrant or indicator; (b) differential solvation of
conjugate anions or anionic ends of undissociated acid
dipoles; and (c) steric effects. We wish now to report a
reasonably sensitive method for the estimation of
proton affinities of solvents wherein type a and b effects
appear to be minimal.

This new method derives from the following observa-
tions, certain of which have been reported earlier.34
The [+R2N=Ci->C4& N 02] bands in the ultraviolet
spectra of 4-nitroaniline and its V-alkyl and N,N-
dialkyl derivatives5show significant red shifts (—Afmax)
in going from cyclohexane to more polar solvents.
Where the more polar solvents are incapable of ac-
cepting a hydrogen bond, these spectral displacements
are of closely comparable magnitudes for the primary,
secondary, and tertiary nitroaromatic amines (e.g.,
—M nmex = 0.72 + 0.03 kK on going from cyclohexane
to carbon tetrachloride, —Armaex = 2.57 + 0.10 kK on
going to 1,2-dichloroethane for the parent compound
and a large variety of W-mono and W,W-dialkyl deriva-
tives).

This suggests that the bathochromic influences of in-
creased solvent polarity or polarizability are quite sim-
ilar for the three classes of compounds. It is reason-
able, then, that appreciably enhanced red shifts
(—AAi/mex) for 4-nitroaniline relative to an N,N-di-
alkyl-4-nitroaniline on going from cyclohexane to
oxygen-base solvents should be a consequence pri-

(1) E. M. Arnett, Progr. Phys. Org. Chem., 1, 283 (1963).

(2) Inter alia, L. S. Guss, and I. M. Kolthoff, J. Amer. Chem. Soc., 62,
1494 (1940); C. E. Newell and A. M. Eastham, Can. J. Chem., 39, 1752
(1961).

(3) M. J. Kamlefc, Israel J. Chem., 1, 428 (1963).

(4) J. W. Eastes, M. H. Aldridge, and M. J. Kamlet, J. Chem. Soc. B,
922 (1969).

(5) M. J. Kamlet, H. G. Adolph, and J. C. Hoffsommer, J. Amer. Chem.
Soc., 86, 4018 (1964).

marily of the bathochromic influence6 of hydrogen
bonding by 4-nitroaniline to the solvent, e.g,

R
/
H H- <0
\ /
N R’
Ar

which is excluded
derivatives.7

A logical next step is that the enhanced red shift in a
given solvent should be greater, the greater the strength
of the hydrogen bonds by 4-nitroaniline to that solvent.
Hence, the magnitudes of —AAvm& values in a variety
of solvents provide the basis for our estimating relative
solvent proton affinities.

Positions of maximal absorption for the [+R2N =
Ci—*-C4& N 0 2~] bands of 4-nitroaniline and N,N-di-
ethyl-4-nitroaniline in cyclohexane, nine alcohols, and
water are listed in Table I. Also tabulated are values
of the red shifts from cyclohexane to each solvent
(—Avmex), the enhanced bathochromic shifts for the
primary relative to the tertiary amine (—AA”max), and
the Taft a* values8of R- in ROH. It is seen that the
—AAymax values for the alcohols follow the inductive
order, the greater the electron density on oxygen the
higher being the —AArmax value. Very significantly,
also, the —AArmax value for water is near that which
would be expected on the basis of the a* for R = H.

A plot of —AAvM& \S. @* is given in Figure 1. The
data show good linear regression and fit the equation

in the case of the A,A-dialkyl

—AArmex (in kK) = 2.03 - 2.69 <* (1)

with the correlation coefficient, r = 0.98, and the stan-
dard deviation, s = 0.14 kK. By Jaffé's criteria for
p-(J type relationships, these represent good correla-
tion.9

We consider that the almost unique success of this
method in arranging the alcohols and water in the

(6) Such hydrogen bonding serves toward charge concentration on the
amine nitrogen in the ground state and a strengthened hydrogen bond in the
electronic excited state and hence tends toward lowered electronic transition
energy; see ref 3, 4, and J. H. P. Utley, J. Chem. Soc., 3252 (1963).

(7) In our previously used classification of solvation types,34 this is
referred to as type-B hydrogen bonding. Type-A hydrogen bonding involves
the proton of the solvent and the nitrogen of the amine. For a discussion
of spectral effects of type-A hydrogen bonding, see M. J. Kamlet, R. R.
Minesinger, E. G. Kayser, M. H. Aldridge, and J. W. Eastes, J. Org. Chem.,
in press.

(8) R. W. Taft, Jr., in “Steric Effects in Organic Chemistry,” M. S.
Newman, Ed., Wiley, New York, N. Y., 1965, Chapter 13.

(9) H. H. Jaffé, Chem. Rev., 53, 191 (1953).
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Table |
Spectral Displacements (—Ai<max Relative to Spectra in Cyclohexane) for 4-Nitroaniline and
iV,iV-DIETHYL-4-NITROANILINE IN SOME WEAKLY BASIC SOLVENTS"
Solvent, --—4-Nitroaniline— AT, AT-Diethyl-4-nitroaniline-------- —n

ROH, R = a* of R Xead nm »mexi kKK —AMexi KK & Xmexi nm Mmad kK —Airaax, kK6 kKc
(CH3)C- -0.30 3775 26.49 4.52 390.5 25.61 1.79 2.73
(CH3ZXH- -0.19 378 26.46 4.55 392 25.51 1.89 2.66
»-CHYI -0.13 375 26.67 4.34 392 25.51 1.89 2.45
ch5 -0.10 372.5 26.85 4.16 392.5 25.48 1.92 2.24
ch3 0.00 371 26.95 4.06 397.5 25.16 2.24 1.82
cthkhZXZh2 + 0.08 375 26.67 4.34 401 24.94 2.46 1.88
ho-chZzh?2 + 0.20 382.5 26.14 4.87 415 24.10 3.30 1.57
cthxkh2 +0.22 381 26.25 4.76 411 24.33 3.07 1.69
ci-chZzh2 + 0.38 373.5 26.77 4.24 414 24.15 3.25 0.99
H- + 0.49 380.5 26.28 4.73 430.5 23.23 4.17 0.56
Cyclohexane 3225 31.01 365 27.40

“ Precision in XmexCA £0.5 nm.

hRed shift relative to spectrum in cyclohexane solvent.

' Enhanced red shift for 4-nitroaniline as

compared with its iV,A’-diethyl derivative; attributable to hydrogen bonding by 4-nitroaniline to weakly basic solvent.

“theoretical” order may arise from the following. So-
lute concentrations required for the spectrophoto-
metric determinations are low, and 4-nitroaniline is
about as weak an acid as can be used to test solvent
proton affinities. Hence, solvent reorganization effects
(factor a above) should be relatively minor. Factor b
should also introduce only minimal complications be-
cause differential solvation effects at the anionic ends of
the indicator dipoles (i.e., solvation at the nitro group)
should be relatively little influenced by N,N-dialkyla-
tion and should cancel out in the nitroaniline Vs. di-
alkylnitroaniline comparisons.

We are on less firm ground as concerns factor c,
steric effects on hydrogen bond strengths. The good
fit of the ;erf-butyl alcohol result to the correlation
equation suggests that steric effects are relatively un-
important in the ROH series. They may play a more
significant part, however, in weakening hydrogen bonds
by 4-nitroaniline to other ROR' compounds. Proton
affinities by this method do not arrange a series of ethers
in the inductive order, nor do the ethers prove to be
better hydrogen bond acceptors than the alcohols dis-
cussed above. Values of —AArmex, determined as be-
fore, are for tetrahydrofuran, 1.67 kK; diethyl ether,
1.66 kK; 1,2-dimethoxyethane, 1.85 kK; dioxane, 1.13
kK. Sterically weakened hydrogen bonds by 4-ni-
troaniline to ROR' compounds might result from ortho
repulsions, which would be expected to be significantly
greater where R' is alkyl than where R' is hydrogen.

An exercise similar to the above has also been car-
ried out in obtaining —AApneax values for V-ethyl-4-
nitroaniline relative to the V,V-diethyl derivative in
the same series of solvents; the data are assembled in
Table Il. The trend of —AApnex again follows the in-

Tabte Il

Spectral Displacements for IV-Ethyl-4-nitroaniline

Solvent, kmex. imext Amexi  —AApTEX
ROH, R = < OfFR nm KK KK KK
(CH3C- -0.30 388 25.77 3.25 1.46
(CH3ZH- -0.19 387 25.84 3.18 1.29
T-CH9 -0.13 386.5 25.87 3.15 1.26
CH - -0.10 385 25.97 3.05 1.13
ch3 0.00 386.5 25.87 3.15 0.91
chxhXh2 +0.08 393 25.45 3.57 1.11
HO-CHZXH2 +0.20 399 25.06 3.96 0.66
ci-chZh2 +0.38 398 25.13 3.89 0.54
H- + 0.49 407.5 24.54 4.48 0.31

Figure 1.------ AApmax for 4-nitroaniline and IV-ethyl-4-nitroan-
iline relative to IVW-diethyl-4-nitroaniline vs- <* of R in ROH.

ductive order and, with the exception of one out-of-line
data point,10is near linear with a* of R in ROH as is
shown by the lower plot in Figure 1. The result fit the
least-squares correlation equation

—AAPraax = 1.03 - 141 <* (2)

(10) If the point for 2-phenylethanol (in which solvent the absorption

peak is very dissymmetric about the maximum) is excluded, the correlation
equation becomes —AApmax = 1-01 — 1.43 <* withr = 0.99 and s = 0.06
KK (excellent correlation).9

VHMfluw tmjoviaifviflpn
«
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Table 111

Spectral Displacements for 4-Nitrophenol and 4-Nitroaniséle

Solvent, o 4-Nitrophenol—

ROH, R = a* of R Xrex* nm Froax. kK
(CH3XC- -0.30 315 31.74
(CHe)XZH- -0.19 312.5 32.00
71-CaH 9~ -0.13 313 31.95
ch5 -0.10 311.5 32.10
ch3 0.00 311.5 32.10
cthkhzh2 + 0.08 317.5 31.50
ho-chZh?2 + 0.20 317 31.55
cichxh2 + 0.38 316.5 31.60
H- +0.49 317.5 31.50
cfXh2 + 0.92 312 32.05
Cyclohexane 285 35.09
CCfi 289 34.60
CICHZXHZ1 301.5 33.17

Figure 2.—=—AA”mal for 4-nitrophenol relative to 4-nitroanisole
vs. crxof 11in ROH.

with r =
tion).9

It is of some interest that both the slope and the inter-
cept for 4-nitroaniline in eq 1 come very near to being
twice the corresponding values for A-ethyl-4-nitro-
aniline in eq 2. This finding suggests to us that 4-
nitroaniline forms tWo hydrogen bonds to the ROH sol-
vents and that these hydrogen bonds are very nearly
equal in strength to each other and to the single hy-
drogen bond in A-ethyl-4-nitroamime.1l

The above results also help to explain some seeming
variations in the effects of iV-alkyl groups on the spectra
of nitroaromatic amines depending on the solvent. In
cyclohexane the bathochromic displacement on N,N-di-
ethylation of 4-nitroaniline is 42.5 nm; in methanol the
shift amounts to 26.5 nm; and in tert-butyl alcohol 13
nm. This decreasing trend can now be rationalized on
the basis that, on N,N-dialkylation, we are excluding
progressively stronger bathochromic effects of hydrogen
bonding in the more basic solvents. The fact that the
solvent effect is almost as great as the substituent

0.97 and s = 0.09 kK (good -correla-

(11) An alternative possibility, that 4-nitroaniline forms a single hydrogen
bond to solvent and that this is somehow sterically weakened on N-ethylation
to give about half the enhanced bathochromic effect, seems ruled out by the
fact that —AA™max values in all ROH solvents are almost identical for N-
methyl-, N-ethyl-, and iV-isopropyl-4-nitroanilme.

— 4-Nitroanisole— AANTAX,
Ammaxt kKK Xmex. nm "max. kKK —AMNTBEX. KK kK
3.35 304 32.89 1.24 2.11
3.09 303.5 32.94 1.19 1.90
3.14 304 32.89 1.24 1.90
2.99 304 32.89 1.24 1.75
2.99 305 32.79 1.34 1.65
3.59 311 32.15 1.98 1.61
3.54 313 31.95 2.18 1.36
3.49 314 31.87 2.26 1.23
3.59 317 31.55 2.58 1.01
3.04 315 31.75 2.38 0.66
293 34.13
(0.49) 298 33.56 (0.57)
(1.92) 309 32.36 (1.77)

effect emphasizes the need to take such hydrogen
bonding phenomena into account in spectra-structure
correlations for compounds of the types discussed here.

Parallel effects on [+X =C i-*C4&NO02-] transition
maxima as occur on N-alkylation of 4-nitroaniline
should also take place on O-alkylation of 4-nitrophenol,
i.e.,, a bathochromic effect on replacing hydrogen by
alkyl in nonpolar solvents,12 partially or completely
offset in alcoholic or aqueous media, by a hypsochromic
displacement resulting from exclusion of a hydrogen
bond to the solvent.

It would follow in a similar manner, then, that
—AArmex values, obtained by comparing red shifts
from cyclohexane to ROH solvents for 4-nitrophenol and

. . H
4-nitroanisole, should be measures of ArOH mem0 < "

hydrogen bond strengths.13 We have carried out such
a comparison; the results, in terms of Amex, rmex, —Armex,
and —AArnmex, are given in Table IlIl and a plot of
—AAi/mex VS, a* is shown in Figure 2. As was antic-
ipated, the —AArnmax values again arrange the alcohols
and water in the inductive order and the trend with a*
is near linear. The least-squares correlation equation is

—AApjna* = 1.68 — 1.20 or* (3)

with r = 0.99 and s = 0.06 kK (excellent correlation).9

It is of some interest that in this series the hypso-
chromic effect of excluding the hydrogen bond in some
instances outweighs the “normal” bathochromic effect
of O-alkylation. The consequence is that 4-nitro-
anisole absorbs at the longer wavelengths in cyclo-
hexane, carbon tetrachloride, 1,2-dichloroethane, and
trifluoroethanol, but 4-nitrophenol absorbs at the longer
wavelengths in water and the more basic alcohols.

It should be noted in conclusion that we have repre-
sented these —AArmexvalues as being measures of rela-
tive solvent proton affinity, rather than intrinsic
basicity. Hydrogen bond strength is only one of many
possible criteria for proton acceptor ability and, as we
have mentioned in earlier papers, 4714 proton acceptor

(12) The red shift in cyclohexane on going from 4-nitroaniline to iV-ethyl-
4-nitroaniline (Xmax 343 nm) is —1.86 kK; the corresponding shift for 4-
nitroanisole relative to 4-nitrophenol is —0.97 kK.

(13) As was the case earlier, shifts on going from cyclohexane to carbon
tetrachloride or 1,2-dichloroethane are reasonably similar for both compounds
(Table I11).

(14) J. W. Eastes, M. H. Aldridge, R. R. Minesinger, and M. J. Kamlet,
J. Org. Chem., in press.



Hydrolysis of Schiff Bases

ability is in turn only one of the many complex inter-
acting factors influencing pRass.

Experimental Section

Ultraviolet absorption spectra were determined on a Cary
Model 14 recording spectrophotometer with matched 1-cm
silica cells. Concentrations were 3-5 X 10-5s M . The reported
data represent the average of two determinations for each spec-
trum, with occasional checks that Xmaxdid not vary with concen-
tration. All solvents were Spectro Grade or the best grade com-

J. Org. Chem., Vol. 36, No. 10, 1971 1345
mercially available and were checked by glpc to confirm the
absence of significant impurities.
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Substituent and Secondary Deuterium Isotope Effects for Hydrolysis of Schiff Basesl
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The inverse kinetic secondary deuterium isotope effect, Ko/kn, for attack of hydroxide ion on the conjugate acids
of substituted A-benzylidene-l,I-dimethylethylamines is near 1.22 and is independent of the nature of the polar

substituent.

The same isotope effect for the attack of water on the conjugate acid of Af-4-methoxybenzylidene-

1,1-dimethylethylamine is 1.20. Thus, transition states for these reactions resemble the adducts more closely

than the substrates.

Second-order rate constants for the attack of hydroxide ion on substituted .~ (substituted )-
benzylideneanilines are correlated by the Hammett a constants.

Values of p near 2.7 were obtained in all cases

except for the Schiff bases derived from 4-nitrobenzaldehyde, for which a value of 1.9 was found. These large
values are consistent with adduct-like transition states for Schiff base hydrolysis.

Previgus studies of addition of nucleop hrlrc rea ents
to Schiff bases derived from aromatic a deh ¥ ave
sufficed to establish a number of points pertinent to
tese reactions.3l Some general congluirons |Hclude

the rate-determinin F SIS changes
om nucleo hile attack 0 n ermedr fe décompasition

ée solu nJ)H IS lowered 49 Il) the coné ugate
acids of Schiff bases arevery muc moereactrvet
nucIeo hilic attac than are t e ree bases;6-10 (nr)
% e asrcrty ﬂ the departing ami e nas a mdali

uence . on te meércs of Schiff hase hydrolysis—

ecreasing basicity decreases reactrvrty under basrc
but In reﬁses reactivity under ziordrc conditions: 6}%9)
and (1v) the addition of nucleaphilic reagents to ch
hases Is subject to general acid-base cafalysis.5

Havrng general understanding of the course and
krnetros f these reactions, It aﬁ) ears desirable to hegin
grobe the structure of the assoclated transrtr N
stat s and the, varjation In S ch struotures with syb-
strate reactrvrta/ In_more fa m nuscrrﬁt
rTe ports the res ts of some ef orts |n t IS t|rect|o

W0 approaches have hee Inetic_secqn-

dary dpe)uterrum IS0tope e?fects Xﬁ erteots of (iar
substituents. The former have been studred em-

(1) Supported by Grant AM 08232 from the National Institutes of Health
and by the Escuela de Quimica, Universidad Central. Publication Number
1923 from the Department of Chemistry, Indiana University

(2) Career Development Awardee of the National Institutes of Health.

(3) Two comprehensive reviews are available: W. P. Jencks, Progr.
Phys. Org. Chem., 2, 63 (1964); “Catalysis in Chemistry and Enzymology,”
McGraw-Hill, New York, N. Y., 1969, Chapter 10.

(4) W. P.Jencks, J. Amer. Chem. Soc., 81, 475 (1959).

(5) A. V. Willi, Helv. Chim. Acta, 39, 1193 (1956).

(6) H. Cordes and W . P. Jencks, J. Amer. Chem. Soc., 84, 832 (1962).

(7) L. Reeves, ibid., 84, 3332 (1962).

H. Cordes and W . P. Jencks, ibid., 85, 2843 :i963).

)
xm o m

(
( . Koehler, W. Sandstrom, and E. H. Cordes, ibid., 86, 2413 (1964).
(10) E. H. Cordes and W . P. Jencks, Biochemistry, 1, 773 (1962).

(11) A. Willi and R. E. Robertson, Can. J. Chem., 31, 361 (1953).

(12) G. Santerre, C. Hansrote, Jr., and T. Crowell, J. Amer. Chem. Soc.,
80, 1254 (1958).

loyin enzylidene-l I-dimethylethylamines  deu-

fer ted at tRe ayeh rr]ro carbo sy Btra%es and the
atter using iV-berzylideneanilines. oth cases
temagnrt de of the observeiq ﬁffects has heen probed
as a function of the nature of the polar substituent In
the benzaldehyde moiety.

Experimental Section

Materials.—Substituted A-(substituted)-benzylideneanilines
were prepared by the direct condensation of the appropriate
aldehydes and anilines. All such substrates were recrystallized
to constant melting point or carefully redistilled prior to use.
Ar-Benzylidene-l,I-dimethylethylamines were prepared as pre-
viously described.s Benzaldehyde-7-d was prepared by oxidation
of benzoin-I-d in tetrahydrofuran at 17° by the slow addition of
Dsl06 prepared by exchanging H.JOe with D20. Following
completion of the reaction, the solvent was removed on a rotary
evaporator and the benzaldehyde-7-d was isolated as the bisulfite
complex. The deuterated benzoin substrate was prepared by
refluxing for 24 hr a solution of 0.43 mol of benzoin, 1.00 mol
of DoO, and 0.001 mol of NaOH in 450 ml of dioxane. The
dioxane-water azeotrope was removed by distillation and the
exchange process was repeated. 4-Methoxybenzaldehyde-I-d
was prepared in the same way, beginning with 4,4'-dimethoxy-
benzoin.  3-Bromobenzaldehyde-I-d was prepared by the
bromination of benzaldehyde-1-d.138 Proton magnetic resonance
spectra of neat benzaldehyde-7-d samples revealed that each had
an isotopic purity of at least 98%. Reagent grade salts and dis-
tilled water were employed throughout.

Kinetic Methods.—All reactions were followed spectrophoto-
metrically employing Zeiss PMQ 11 spectrophotometers equipped
with cell holders through which water from a constant-tempera-
ture bath was continuously circulated. Reactions were ordinarily
monitored at wavelengths near the absorption maximum of the
Schiff base under study. Spectra recorded at the conclusion of
the hydrolysis reactions corresponded to those of a mixture of
the appropriate aldehyde and amine. For those reactions not
involving determination of secondary isotope effects, first-order
rate constants were obtained from semilogarithmic plots of the
difference ii optical density and infinite time optical density

(13) D. E. Pearson, H. W. Pope, W. W . Hargrove, and W. E. Stamper,
J. Org. Chem., 23, 1412 (1958)
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Table |

Secondary Deuterium |Isotope E ffects for the Hydrolysis of

Substituent Registry no. pH

3-Bromo 28405-57-4 0.1 M NaOH
Unsub-

stituted 6852-58-0 0.1 M NaOH
4-Methoxy 15875-74-8 0.1 M NaOH
4-Methoxy 4.62

o
A-(SubstitutedJ-Benzylidene-ljl-dimethylethylamines at 2D

Solvent® 4dA h6 Onaean

45.7% aqueous ethanol 1.224 +0.004
58.2% aqueous ethanol 1.222 +0.005
64.2% aqueous ethanol 1.224 +0.004
Water 1.199 +0.002

Solvent composition was chosen so as to obtain reaction half-lives near 30 min. & Mean of five observations.

against time in the usual way. Second-order rate constants were
calculated from slopes of plots of first-order rate constants against
the concentration of hydroxide ion. In those cases involving
determination of secondary deuterium isotope effects, first-order
rate constants were obtained by linear regression analysis as
previously described.14 These rate constants were reproducible
to within £ 1%.

Results and Discussion

Kinetic sec?ndar%/ deut(errum |sot8pe effects have
been successfull In a number of ¢ases, par-
ticularl soIvontrc reac ons, to efrn%transrtron state
structures,5b “Th |s tech nrrﬂue as Deen aﬁ
relatively few cases for the study of reactions'i voIvrng
?ubstrates at the ¢ rbonm level of oxrdatron and a con
Ircétng attern o resilts has emergg From these
studies in some case% A recent st 8/ seﬁon ar
deuterium |sotopeefects for acetal hydr Ksrs as pro-
vided new insight into these reactions. X These find mg
have rompte our study of such effects for Schiff ba

ys
as been established that the ate determrnrn
Aent% Jrolt SIS o A-benzylid eneg

t‘e‘t oo 'ftfgf” e e at
. 1-dimethylethylamines |nvo es the atta
droxrge lon yon the conjugate acids oq the su stratesg
H+ H
>NI—R+OH;‘I*’D:\:‘Y:>|N ------- y >=0 + RHN,
cH

In Table I, secondar deuterium isotope effects are
coll cte for the attac ofh droxide fon on the proton-
ate bases derived om 3-bromo, methox
and unsu?strtuted benzaldenydes. As expec ed, t
ISotope effect IS |nverse e the deuterro sU strates
react more rapidly than the pr ﬁr nes. neac case
hFrate rahtro lé Jlear 1?2 While the rmxrma 1S to%e
effect for t tion oxygen nuce Iles tq carbo
nitr rien oub e bonds as not bee exBenment
esta rs e(, ogg t0 re ated systems § efts that
the observe IS close to “the maximal one.b
Thus the sp2 carbon atom of the substrate has been

ar ely converte to sp3 geometry In the transition
sta? ' ie. carbon-ox 57 % g f(ormatron IS N ar(iy
com et |nt etransrt state. The xtent ofcar on-
ﬁy ormatron aS measure ?]/ the |soto e
IS |n ependent of the nature of the polar's

(14) H. G. Bull, K. Koehler, T. C. Pletcher, j. J. Ortiz
e Comman any tavgy B T e peene
(15) E. A. Halevi, Progr. Phys. Org. Chem., 1, 109 (1963).

(1'5) N :'Nsrhislile;ovirnn' ai:, Atiljf.m\/p:n E,\:f::::a;nd (;hei:hizTcli ::,a,ci‘rlr():rs;ssc ’
C”'('1'7) Y. Pocker, Proc. Chem. Soc., London, 17 (1960).

(18) N. C. Li, A. Kaganove, H. L. Crespi, and J. J. Katz, J. Amer. Chem.

Soc., 83, 3040 (1961)
(19) H. Simon and D. Palm, Chem. Ber

nd E. H. Cordes,
nd E. H. Cordes,

., 93, 1289 (1960)

stituept.  This result contrasts with the observatrﬂ
t]hat the extené air on- oxy eB bonF eavage In t
ydrolysis of diethyl acetals ot benzaldehydes changes
ngatrkedtly14 as a function of the nature of the polar siib-
stituen

Under more acrdrc conditions, the attack of water
rat er than hydroxide jon, on the protonated Schiff
a]ses becogres tg tpredomrnant rea%tron gat wa 38

The secon ary euterium 1sotope effect for the
dro] Xsrs of W-4-meth OXY enzylidene-|,| drmet zeth
amine at pH 462 1s included In Table .~ Under th
conditions the rate of carbrnolamrne ecrim osrtron
contri utes not moret an 10% to the overall eactron
rate % aﬂnrtu eoftr(]e iSotope effec(s IS simil rto
that for t e attack of hydroxide ‘ion, in |cat|n?

In this case 0o, the carban-oxygen bond is well-formeg
In the transition state.  This 15’ certainly the expecte
result based on the earlier observations. It would be
hard {0 ratronah%e an observa(tron su?gestrnq that th 1Lef
fransition state for the attack of watér on the Schi
base occurred a rec#abl soaner along the reaction co-
ordinate than {hat for attack of Xroxrde ond A
previous Investigation has. establrs that the attack
ofhvrlrater on protortrated benztyhdeneﬂl]l drmethylf
ethylamines is sli more sensitive 10 the nature o
ol)ar substrtuentsgthayn Is the attack of hydroxrt!e lon.8
his would suggest that éhe transition “state for the
ormer reactro IS reached somewhat later along the
reactron coordinate than IS that for the former. How-
ever, the secon ary euterrum ISotope effects 0 not

rovrge support for t IS suggefstro% It is é)o g

at actor otherlt rhon-oxygen
ormation, particu ary e ctrostatrc factors may ac
count for the observ |ff renc In pvalues.

Within a series o cosey re te reactions, such as
the attack of the same nuclfo ilic reaoent on struc-
tural related substrates, values of p potentially Yreld
usefuf in orﬂtatron CONCErnIn transrtron state” stryc-
tures, an te]varratron In p With substrate reactivit
may in |cate ow these structures vary as a function of
rea |vrt(¥ ?ve In fact, Deen rather few
studies ftr]ee eto the v rratron In s t%strate reac-
|vrty on va ues of p. A model study of this type a
een carrre out by Kirsch, et a1, Who have examine

ysIS |- "and arylesarbstrtute

éheneylk |ne hYedsﬁl The%fe E\rr%rkers obserY that th e
ﬁ s“) or al ar drolysis ofa substrtu
phenyl benzoates did not ar}/I etectably as a unctron

ofthé nature ofthe po arsh tuent In theanyl moreit
Ine IS t more fu e}rne the trapsition state or
ase ro srs, we ve studie rbate st of
rea%rons fr (f hyarolysis of substituted -

stituted)- benzy eneanilines.

(20) G. S. Hammond, J. Amer
(21) J. F. Kirsc

. Chem. Soc
h, w. Clewell, an

., 77, 334 (1955)
d A.Simon, J. Org. Chem., 33, 127 (1968).



Hydrolysis of Schiff Bases

|t has previously been established that hydrolysis of
these substrates under alkaline conditions exhibits
% -Independent an? base- caalyde ract|on
routes 3 The former reflects attac hydroxide
lon on the protoHated substr} ies and the Iatter refl (fcts
the attack” of this nucleophile on the correspondin

free bases. In Table Il second-order rate constants
W ater at 30° and lonic Strength 0.50
X _0 %k = F Y
X v M :ci ?ﬁin-r kop min-:
chd CHO 0.029
CHS 0.033
H 0.054 0.022
Cl 0.088 0.023
CHsCO 152 0.025
noz2 5.8
Ch3 CHO 0.020
CHs 0.050
H 0.09 0.013
CHsCO 1.96
N02 0.6
H CHs 0.045 0.023
H 0.076 0.014
Cl 0.25
CHsCO 3.75
no2 9.5
Cl CHs 0.061 0.043
H 0.185 0.010
COOH 0.90 0.038
Cl 1.07
CHsCO 5.3
N02 173
N02 CHsO 0.37
CHs 0.57
1.03
Cl 3.0
NOwC 26.0

“ Second-order rate constants for the attack of hydroxide ion
on the Schiff bases. bFirst-order rate constants for the pH-
independent hydrolysis reaction. ¢ m-Nitro.

for the bfase catalyzed reacéron and first- order rate
?nst nts ort e RH mdep enth drolysis for g series

substituted - "-benzylideneanilines “are collected.
In each case, the rate constants have been calculated,
respectively, from the slope and intercept of plots of

J. Org. Chem., Vol. 36, No. 10, 1971 1347
first-order rate constants against h droxrde jon concen-
fration. Base concentratrons of 0, 020, and
040 m were. enelr ¥ rggo ed For those Schiff
bases possessrn ectron-donating substrtuents the
Pn -ind e endent reaction was fre uentI rEiit as to
as] basic reaction: for thos gos essrn ectron
\t/rr/lrjtedrawrng substituents, the converse was requently

Note that the vaIueF ?f the pH- mder)endent rate
constants vary rather little Wrth the nature o

substituent |n either the aldenyde or amin morety, In
acfcort tAhIt previous otservatrons22 t‘)rtrs frndrng
reflects eo 0sin r substituents o
substrate p Poﬁtatr(o% rf h Jro)xrdae lon attacE

contrast, secon order rate constants for hidroxrde |on

attack on *he free bases increase rapidly with increasin
fectron WrthrIrawaii Pots of th Féarrt m of t esg

rate_constants against . values for aniline- substrtuted
? f? asesz ?g garr but nof excelfentﬁ straraght |nes
rom whrch alues of have een calculate

risingly, corres on ing plots of rate Qonstants
genza?d% e-su strtutegd pSchrff hases drd not yre
satrs actor Hammett The fol owrnq values
b Were o btained for the uWrcated henza deh%de
substrtute ubstrates: ;
27 unsubstrtuted 20 4ch|or02 and 4R|tro
opornts are of note here.  First, these are t a{est
vau%s observed for the attack anuceoo i?
t hases. Forexam ed rate constants for atta
water, hydroxylamine, and methoxyamine rofon-
ate bert/(h y g]eneme ylamrnes))/nreTId va?ue tl
H ar unity;9 attack of water on prot?nated ben éh
ryr ener |nes generates a p value o N
otonate enzg!)rdenelldrmetn Iethylamrnes a
alue of +of17|s tained.8 Fina %nstanI
or attac roxrde lon on roto ated A enz |
depe-| |met et ylamines a correlated
vaIue of 1.26.87 AU of the ahove sutfstrates reactrng
eﬁt e conju a(t 3crds are substantia Y more. reactiv
antoses led here: %evar tron n sensitivity to
polar substituents ma reflect a difference In extent of
carbon oxyuen b? nd formation in the transition state
tough her factors may be important as well.
ditional studies of secondary deuterium  1sotope
ffects or the pertrnent reactions would be of inferest,
At an event he arge values. suRgestaqood deal of
carbo ygen bong formation in the trans |onstaes
% aIues of p are, with the exception of those
for the substrates derived from 4-nitro enzaIdehr{de
|Hdegende,1 of éhe nature of the oolar subftrtuen on
e ey 2 U
et al.n
sma(ﬂjer value ¥or the 4-nitro derrvatrhes the ?n t
active substrates, provides a sugrgestron of ﬂ deﬁecta ble
an?e In transjtion state structure wit changing
substrate reactivity.

(22) L. do Amar

Soc., 88, 2225 (1966).
(23) J. B. Culbertson

al, W. A. Sandstrom, and E. H. Cordes, J. Amer. Chem.

, ibid., 73, 4818 (1951)



1348 J. Org. Chem., Vol. 86, No. 10, 1971

Hine and Koser

The Mechanism of the Reaction of Phenylpropargylaldehyde with Aqueous
Sodium Hydroxide to Give Phenylacetylene and Sodium Formatell
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University of Akron, Akron, Ohio 44304
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The rate of cleavage of phenylpropargylaldehyde in the presence of aqueous sodium hydroxide at 35.2° has
been studied spectrophotometrieally. The results were interpreted in terms of rate-controlling cleavage of the
monoanion and the dianion of the aldehyde hydrate, with the latter being the principal reaction path at the
base concentrations (>0.001 M) used. An approximate value was obtained for the equilibrium constant for
hydration of the aldehyde and from it was obtained an approximate ionization constant for the aldehyde hy-
drate, which was found to fit a Taft equation correlation of the acidities of aldehyde hydrates.

Klnetlc studles have shown that the eIeava e of
t e arbanion X - from compounds of th etf
LR R
ﬁt th)( % r?xlnomerh P4 aceton T acet feth P
a- ar sulfo yImethg(fIG and 26d|halo henyl. ese

ervahons m explain a mechanism In-
vofvmg rate eontt/o Ifing 10ss of X- from the dianion 1

Of the compounds unde omg Cleava T via the dlainlon
onI |nthe cases where X' wa aceton orlacet ethyl

[eactton l?) olving only rt/ roxid e on
so cear deteeta e under the a z%h e. condtions
used.8 In tese cases a 3|gn|f|cant raction of the
reactlon presumahly consists of the rate- controlhng
loss of X- from thé monoanion 2. Cleavage via thé

O_
R- -X
JH

AR R e,

r} ?CI Ic soluh? wWhere th concentration a (i
of formation, of the dlanl N must eve[ smal
In more hasic o ut|0ns t e rate contro n ste
comes attack on, the carb |ne |csud|es

n rou
show. the participation o oyn rOXI e Jon In
alkaline cleavages where X | 2acet -2-propylb and

(1) (a) This investigation was supported in part by Public Health Service
Research Grant AM 10378 from the National Institute of Arthritis and
Metabolic Diseases and by Grant DA-ARO-D-31-124-G648 from the Army
Research Office, Durham, (b) Public Health Service Fellow under Award
6 FO2 CA39914-01A1 from the National Cancer Institute.

(2) C. Gustafsson and M. Johanson, Acta Chem. Scand., 2, 42 (1948).

(3) E. Pfeil, H. Strache, and F. Lomker, Justus Liebigs Ann. Chem., 623,
74 (1959).

(4) R. G.Pearson and R. L. Dillon, J. Amer. Chem. Soc., 70, 1933 (1948).

(5) R. G.Pearson and E. A. Mayerle, ibid., 73, 926 (1951).

(6) R. G.Pearson, D. H. Anderson, and L. L. Alt, ibid., 77, 527 (1955)

(7) 3. F.Bunnett, J. H. Miles, and K. Y. Nahabedian, ibid., 83, 2512
(1961).

(8) A reaction involving only one hydroxide ion was reported in
where X was trichloromethyl,2but under the conditions where this reaction

the case

is most important the formation of chloride ions becomes a major side re-
action3that was not taken into account.

(9) G. E. Lienhard and W. P. Jencks, J. Amer. Chem. Soc., 87, 3855
(1965).

(10) F. Hibbert and D. P. N. Satchell, J. Chem. Soc. B, 653 (1967).

nltrometh 6 AIthour%; llt IS I|keI that loss of X~
rom an|o |s rate-co tro ing in these cases e gemaly
the former), this has not heen established. cleav-
age of the ydrate of a 2- a?et Ithiazolium ion |nv0|ves
rate- -controlfing cleavage of 10n 2 In the pH range of

but the reaction became too fast to stu n asic

so utions. 1 In order to learn more about t e factors
that control the reIat|ve extent to wh ch IS Iosit
rom |0ns We have studle t netlcs 0

ava en propar e, Which was
toun % Cq laisen to %dpﬁen acettflgne and formate
In the presence of dllute agueous alka

Results and Discussion

The cleavage of phenylproparg IaIdeh de in 65 X
~ M agueous solutions was Studied %IICJ’) X A
the presence of about 0.001-0.014 m Sodium hydroXi
by tollowing the decrease in absorbance at tfie 285
nm aldehyde absorPtlon maX|mum The absor t|?
Fectrum of a reaction solutlon a ter about 11

U M L
and _sodium

ormate do not ahsorh 8e0|a
2855 nm and at the time of measurement less than
00?% of the aIdehgde shorld be left, there was ari

hsorrh”hcea SFQFM%HO %ua 6% of t t<e initia

A.) vs. time (Where a .
IS the absorbance at tlme ¢« and A, that a |nf|n|te
time) Igave good straignt Ilnes from whoae slopes first-
order atﬁl onstants Were calcu afted These rate con-

stants will be treated in terms of mechanism 1, where

PhfeCCHO + HD PhG=CCH(OH)2
P POH:
PhC=CCH(OH)2 + OH- PhC=CCH(OH)0~

PhC=CCH (OH)0- + OH- PhC=CCH (0-)2 (1)
POH- POJ

fast

PhfeCCH(OH)0- — > PhC=C- + HCOHH — >
PhCfe=CH + HCO02

fast
PhC=CCH(0O-)2— > PhC=C_ + HCO02 F_O>

PhC=CH + HCO02

the abbrevdatloHs to be tised fo[] various species are
written under their formulas. There IS evidence that

(11) G. E. Lienhard, J. Amer. Chem. Soc., 88, 5642 (1966).
(12) L. Claisen, Ber., 31, 1022 (1898).



Phenylpropargylaldehyde

Figure 1.—Plot of ratio of absorbance in the absence of base to
the absorbance in the presence of base VS. base concentration for
phenylpropargylaldehyde in water at 35.2°.

srgnrfrcant fractrons of the aldehyde are present in

cb three forms, P, POH2 and POH~, hut « »

ereve to he o smal that the concentration of

IS much lower. [ this assumption IS correct,

and if the rate controIIrng steps of the reaction are
those %overne ki and {2 the observed frrst order

rate constant for the reaction at a grven ydrox e
lon concentration may he expressed as shown’in eq 2,

XelOH-k/c + m 2[OH-])
°sd 1+ Xe[OH-]

where « e I$ defined as (Kiky)/ (1t Kn hg
dration equilibrium of the aldehyde was ound to be
established almost as rapidly as absorbance measure
ments couId be made after preparation of a solution
|n neutral water. . It therefore appears safe to assume

that ﬁhe %%drhbrra overned by B are es-
tablis ed ore medsurement c N e ma e on mix-
tures 0 aqueous aldehyde and alkall so utrons This
and t e aséum ption that the adfh yde h a/ drate |s {00
weakly acidic to onize appreciably In nedtral solution
lead t0 eq 3, in which AQ's the absorbance of a neutral

AdAb = 1+ Ke[OH-] 3)

solution of aldehyde and ABrs the absorbance extrap
olated to zero trme a S0 ut dtarnrn
same total amount or aldehyde an te Icated con

centration of hy%roxrde |ons Values of A0 and Ab
are listed with e krnetrc data |n Table | lot
Of o in s l 13 as shown In Frgure 1 |v S a
satrsfactrfry straight ling. with the intérce d 98, in
rea onab %ree entwrfth the value requir eq 3
an @ -1 earrangement of e 2
grves e sing the value of « e obtained from

febi(l + i"OH-]) =ki + feX2[OH-] 4)

(13) The hydroxide ion concentrations used in
values after establishment of equilibrium between P, POH2 and POH" but

this plot were the initial

before any cleavage occurred.
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Figure 2.—Plot of the left-hand side of eq 4 VS. the sodium
hydroxide concentration.

Tabte |

Kinetics of Alkaline Cleavage of

Phenylpropargylaldehyde in Water at 35.2°°

10* [NaOHI,6 10®:asd
M Abc sec“ 1
4.67 0.535%* 26.5
7.00 0.496%* 54.4
9.34 0.463* 87.2
11.7 0.426* 123.0
14.0 0.394* 164.2
1.16 0.620 2.34
2.33 0.586 7.41
4.66 0.539 25.7
6.99 0.493 53.0
9.32 0.454 85.9
11.6 0.409 132.2
14.0 0.389 169.1
11.6' 0.415 151.8
11.6/ 0.418 115.0

“ The ionic strength was adjusted with sodium chloride and
was 0.10 M except where otherwise noted. The initial aldehyde
concentration was 6.50 X 10-6 M in the first five runs and
6.48 X 10“5 M in the other runs. & Initial concentrations. The
concentration of sodium hydroxide originally present has been
corrected by about 0.2% for formation of POH"“, 0.3% for
expansion on warming from room temperature to 35.2°, and 0.6%
for dilution by added aldehyde solution. c¢Using a 1.00-cm cell;
A0 was 0.643 except where otherwise noted. “A owas taken to be
0.643(6.5/6.48). elonic strength 020 M,
0.05 M.

i lonic strength

% the left-hand side of eq 4 was plotfed against
te droxide 1on concentrﬁtronlrtgFrg re 2), to |vea
satrsfacto Iy strarght Ine whose Inter e

5 sec-T and “whose slope ek 2 9 |
secl Since the mterceBt IS tarry near the orrﬁrn
the va ue of i |s robably much”less reliable than

k2K 2 these values 1t may oe calcu-
ated that even |n the most favorable case, less than

(14) The hydroxide ion concentrations plotted were the average values

present during the kinetic run which were smaller than the itial” value by

as much as 0.7% .
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Figure 3—Taft equation correlation of acidities of compounds
of the type RR'C(OH),.

22% of the_reaction took place by cleavage of the
monoanion 2.

The three run in Table | made at h droxrde jon
concentrations. 0 0.0116 Ts ow tha eaction
has a positive |0n|c stren thAe hrs |s 0 Course,
the result expected since the ma or art of the reaction
|nv0Ives the formatron 0 a o charged transition
state rom srngyc ar%e and uncharge reactants.

n a function of AHan
the atter two constants |s known the other may be
cal cu ate We have made a rouqh
h oy Geermining e relatve, o '”“"’bt&?f&%b‘h
8hl%rrdeygndprng)t4 |o>¥ane rtbutr rbe 29.6%

ecrease In the e(? mctront coe t|crentta a }t 80
nm on_going from dioxane to water entire r
trog (‘thega dehn aassurnrn%vtha the a e)h (?e
y raﬁe does no sor at t %rves a

Ah value 0f 0.296.  The assumption t att ea
thrate does not ahsorb 1S Ia srble srnce it has the

same ch rorrhop oric rou s as en acet ene, which
does not sorb _near value 00-
tained 1 uncertarn} owever because 0 erm?hcrt
faum flon that the true extinction coefficient of th

de 15 the same In water and droxane in whrch
the a orrt)tron maxrma have somewhat different shapes
and ar %an 278 nm, respectrve From nis
Aftva ue and t eAEo tained spectra measure-

mentsd a value of 158 | |1ma e calcu or Al

t 35 and 10 rnth v ccrgtn fo the
Deb eHnrgckeP frmtrtrengf law, ?'rrs value s oulg be tpe
samé at mfrnrte dilution.” Combination with ;)

gives a pAa value of 11.48 for the first ionization

«. If elther of
measurement of

Hine and Koser

constant of phenylpropargylaldehyde hydrate at 35°
d, if ||sgssur¥p t g\)g/ W

If A N ame aue at 2
FAa value of t 25 vat lable a%a on the
onization constants of the hydrates of alde ydes ang
ketones in water at 25° aré listed in Table [I. A
Tabite |l
lonization Constants of Hydrates of Aldehydes
and Ketones in Water at 25°
(CHs)zCOI:E:H(OH)z 1::.77“
CH3CH(OH)2 13.57¢
CH2(OH)2 13.27¢
CF3CH(OH)2 10.206
CC13CH(0OH)2 10.04"
CeHsC(OH)2CF3 10 .00"
(F2CH)2C(OH)2 8.79“
(CF3)2C(OH)2 6.58“

“ Reference 17. 6R. Stewartand M. M. Mocek, Can. J. Chem..
41. 1160 (1963). “W. J. Middleton and R. V. Lindsey, Jr.,
J. Amer. Chem. Soc., se, 4948 (1964).

vs tR Figure 3) gives a straight line from
which the LPornts r the Rydrates of ormaldehg

and hexafluoroacetone deviate somewhat.h A least-
%uares fre tm%nt neglectrrﬁ; Ee two deviant orrlts
gave eq b for this line tained a similar value

plot of theq%qAa values Sor RR' C(SOHR? compotrnds

pK* = 1419 - 1.315 (<rR+ <rV) (5)
data on four compounds.Z Fro
?Q ogfll {7 may be ca(t ated fS nt]
D R r yI Id y e ydrate |n reasonable ag eem nt

wrt the value we have ined

n app oxrmate Va ue or @ may be obtarned b
esttm AI m the vaIue determined for pA
an acl eakenrn actor of 1044 for a negative charge
two atoms away caIcuIated b the method of Branch
and Calvin B and a statrftrc | factor of four, a lo
value of 2.8 may be calculated. This %rves values
of 158 X 10-3 m -1 and 190sec1forA and 2 re-
spectively.

As an aIternatrve to part of mechanism 1, it might
be sygaested that the part of the reaction |mvolvrn
two fydrox| 8 lons as as 1ts rate- contﬁ g ste
attac of. hydroxide 1ons on POH~, eit nrve

P02~ Whrch |s cIeaved faster than |t IS rei)rotona

d
a

or to' give fe ons and phenylacetylide anions
macoﬂcerte .3e|m|nat|0n ébch rnecha)r/nsms give a
rate equatron |dentica

nf]r % except the ter
k k2 IS replaced the rate constant for attac
ydroxrde lons on POH Hence, If either of these
ate ative mechanisms Is correct, «» has the value
Owm - 15ec-1. Stncethee uilibrium overnedm%ﬁhz
|s a proton transfer etween 0Xygen aoms in
the equilibrium lies to the Ieft he work of Elgen
and othersOshows that the reverse rate constant must

(15) The value of a*cfz used in this plot was 2.8<r*cF3CH2> or
other values were from Taft's collection.16

16) R. W. Taft, Jr., “Steric Effects in Orga
man

2.58. The

( nic Chemistry,” M. S. New-
, Ed., Wiley, New York, N. Y., 1956, Chapter 13.

(17) R. P. Bell, Advan. Phys. Org. Chem., 4, 1 (1966).
(18) G.E. K. Branch and M. Calvin, ““The Theory of Orga
ntice-Hall, Engelwood Cliffs, N. J., 1941, p 204.

(19) M. Eige . Ed Engl., 3, 1 (1964).

nic Chemistry.”
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Phenylpropargylaldehyde

be about 100 m -, sec-1. Therefore, the rate con-
stant tor the simple deprotonation of POH- by _hy-
droxide ions must be about 1089 wm -1 sec-1. “This
excees the value 0.299 M-1 sec-1 by an amount
that I1s much larger than the uncertainty of the es-
gm te, Hgnc_e the S|mP|e dﬁprotonatlon ?f. POH-

ydroxide ons cannot be the rate-controlling step
?Onghat part of the reaction involving two hydroxide

Experimental Section

Phenylpropargylaldehyde Solutions.—In order to prevent the
formation of the yellow-to-red color that occurs with neat
aldehyde at room temperature, the phenylpropargylaldehyde was
distilled IN vacuo into a receiver at —78° just before preparing
stock solutions. About 0.01 M standard solutions of aldehyde in
freshly purified 1,4-dioxane were prepared gravimetrieally shortly
after the aldehyde warmed to room temperature. All the opera-
tions were carried out under nitrogen. No decomposition of the
aldehyde in the dioxane solutions could be detected over a period
of several days. In 99% water-1% dioxane the aldehyde was
found to have absorption maxima at 285.5, 247.5, and 236.5
nm with extinction coefficients of 10,040, 9250, and 9530 M ~|
cm-1, respectively.

Kinetic Runs.—In a typical run, 3 ml of a standard aqueous
solution of sodium hydroxide containing enough sodium chloride
to give an ionic strength of 0.10 M was pipetted into both the
sample and reference cells of a Cary spectrophotometer, Model
14. After the solutions had reached thermal equilibrium at
35.2 + 0.3° 14 ni (20 Al in some runs) of a standard solution of
phenylpropargylaldehyde in dioxane was added at a recorded
time. The cell was shaken and absorbance measurements at
288.5 nm were begun within ~30 sec. In a reaction that had
proceeded to about 11 half-lives (about 99.95% reaction), the
absorbance was found to be 0.023. This value was taken as A,
for all the runs, and rate constants were calculated from the
least-squares lines through plots of log (At — A,,) VS. time. The
slowest run was followed only to 24% reaction, but most of the
other runs were followed to about 70% reaction. A typical
kinetic plot is shown in Figure 4. The full uv spectrum of the
solution that was run to 99.95% reaction showed maxima at
2343 and 2447 A, with absorbances of 0.975 and 0.862, respec-
tively, and shapes identical with those of authentic phenyl-
acetylene, whose extinction coefficients were found to be 15,890
and 13,690 M~X cm-1 at the respective wavelengths. These
results correspond to a 95.9 + 1.3% yield of phenylacetylene
(assuming that sodium formate and any by-products absorb
negligibly).

The Kinetic runs were carried out under nitrogen. Concen-
trations used in the calculations were corrected for expansion

J. Org. Chem., Vol. 36, No. 10, 1971 1351

Figure 4—Kinetic plot for cleavage of 6.48 X 10-6 M phenyl-
propargylaldehyde by 0.00932 M sodium hydroxide in water at
35.2°.

from room temperature to 35.2°. In calculating Abby extrapola-
tion to zero time, only the first few kinetic points were used.

Rate of Hydration of Phenylpropargylaldehyde.—When 15-pi
samples of 6.72 X 10-3 M solutions of phenylpropargylaldehyde
in dioxane were injected into 3.00 ml of 0.100 M aqueous sodium
chloride at 35° and ultraviolet measurements begun within 10
sec, the hydration reaction appeared to be essentially at equilib-
rium. The same technique at about 5° gave rate constants of
0.03 £ 0.01 sec-: that are unreliable because of condensation on
the cells and other complications that also prevented a reliable
determination of the extinction coefficient of the free aldehyde
by extrapolation to zero time.

Registry No.—Phenylpropargylaldehyde, 2579-22-8;
sodiu(‘rJn hy)(iroxide, 1313—?3-2[.) e
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The Effects of Aliphatic and Cycloalkyl Substituents
on a Ring-Chain Tautomeric Equilibriuml

H. Alper,*ZE. C. H. Keung,3and (in part) R. A. Partis
Department of Chemistry, Slate University of New York at Binghamton, Binghamton, New York 13901
Received August 20, 1970

Reaction of 2-mercaptobenzimidazole with a variety of a-halo ketones (RCOCH2X, where R = alkyl or cyclo-
alkyl and X = bromine or chlorine) gave products capable of exhibiting carbinolamine-amino ketone ring-chain
tautomerism. The tautomeric equilibrium, determined by infrared and nuclear magnetic resonance spectral
measurements, is controlled by the inductive effect of the R group for all but the most bulky nonconjugative sub-

stituents.
gating with the carbonyl group.

Jones,4in a reV|ew artlcle publlshe]d in 1963, noted
that thgre Were ewefam;) es of mr]t? ain tautomerism
where rtng and_chain tautomiers were present |n
solutlon The past 7 years, however, have witnessed
the ?ﬁ ea a]nce of Humerous Fubllcattons descrifin

Sﬁ/lt ||t|n namtg N %am tautomerls
Including: 4t |a lazolidine-2-thiones,5  oxazoli-
|nes6 30xa 50xa Jazmes9134 xadia-
zines ]d{f G yr|m| ines, Dthiazolo [3,2-a]-
en2|m| Ies]3| cton 14an azldopurings. "Sev-

3 of these IJo Bers have repO{ted |nvest| ations of
Inductive and res nance effe # various aromatic SP
sfituents_on_the position of the tay omer’]c equ|
rum.6 245 In addition, Dorman® has shown that

In
Ikyl-4, dimethy -6-pheny ietiahvaro- 3 4-0xa-
élazalne)s exir)st tn eq |||brPum ?1 attgl % [0X h
razone chain tautomers, the, roportlon o am

mcreasm%t with an Bcrease |n the size of th (s e 2a
Eroup ere have been no systematic stu |es f00 r
now eEe of the effect of various si rPle aIP hatic an
cycloalky substltuents on the position of a ring-chain
tautomeric eguilibrium. . This ga er reports 0? such
a study our ihtention being to determiné what factors
st)ecreltszsor Inductive or both) control the equmbrlum
The system chosen for investigation was 3-hydroxy-
3- substituted  2,3-dihydrothiazolo[3,2-a]benzimidazole

(1) For a preliminary communication of this work, see H. Alper, Chem.
Commun., 383 (1970).

(2) Author to whom inquiries should be addressed

(3) Undergraduate Research Participant, State University of New York
at Binghamton, 1970.

(4) P.R.Jones, Chem. Rev., 63, 461 (1963).

(5) K. H. Mayer and D. Lauerer, Justus Liebigs Ann. Chem., 731, 142
(1970).

(6) J. V. Paukstelis an L. L. Lambing, Tetrahedron Lett., 299 (1970).

(7) (@) A. F. McDonagh and H. E. Smith, J. Org. Chem., 33, 1 (1968);
(b) H. E. Smith and N. E. Cooper, ibid., 35, 2212 (1970).

(8) H. Kanatomi and I. Murase, Bull. Chem. Soc. Jap., 43, 226 (1970).

(9) L. B. Volodarskii, Y. G. Putsykin, and V. I. Mamatyuk, J. Org.
Chem. USSR, 5, 341 (1969).

(10) L.c. porman, J. Org. Chem., 32, 255 (1967).

(11) B. V. loffe and A. A. Potekhin, Tetrahedron Lett., 3505 (1967).

(12) R.E.Harmon, J. L. Parsons, and S. K. Gupta, J. Org. Chem., 34, 2760
(1969).

(13) A. E. Alper and A. Taurins, Can. J. Chem., 45, 2903 (1967).

(14) J. Finkelstein, T. Williams, V. Tomme, and S. Traiman,
Chem., 32, 3229 (1967).

(15) (a) €. Temple, Jr., M. C. Thorpe, W. C. Coburn, Jr., and J. A.
Montgomery, ibid., 31, 935 (1966); (b) C. Temple, Jr., C. L. Kussner,
and J. A. Montgomery, ibid., 31, 2210 (1966).

J. Org.

Only the chain tautomer exists in the solid state or solution when the substituent is capable of conju-

=
Ir_.

(la, R' = H) which can exist in equn rium
%en cham amino ketone tautomer b gﬂ
The nuclear magnetic resonance spectra %
de| al es ofttn system arev V3|m e wit
ort e met ene protonso gearmg
et nge th tat ilven la isan A ua{tet
rared. spectra {Ir) are also generally easy to Int
pnda catlng rese ce or aLseﬁce 0? (’Y y
( Stretch |n?g The parent heteroc cle$1
3 exists so Ig as the ¢ ¥C|IC carlb lamine bot
mtes state an |n so |uti -State (H]f%
styaies have _shown _3-hydroxy-3-methyl-2,3-dinydro-
thiaz Io[32 a]ben2|m|dazole 0 %XISI as the rmg t(?
mer (la, R = ut nmr spectra of di-
meth%l sulfox MSO d? squtlons Bdlcate a
t,: | %tureo a and the chain tautomer Ib, respec-
vely.

:
b%"’ '5—*9...” E
QD D
U;UQC’ T
nTEZSe T

O_:_

Experimental Section

General Comments.—Melting points were determined on a
Fisher-Johns or Gallenkamp apparatus and are uncorrected.
Elemental analyses were carried out by A. Bernhardt, 5251
Elbach Uber Engelskirchen, Fritz-Pregl-Strasse, West Germany,
and Galbraith Laboratories, Inc., Knoxville, Tenn. Infrared
spectra were recorded on Perkin-Elmer 457 and 521 spectropho-
tometers; the wavelength readings were calibrated with a poly-
styrene film. Nmr spectra were determined on a Varian A-60 or
HA-100 spectrophotometer. Tetramethylsilane was used as
internal standard.

a-Halo Ketones.—Chloro-2-propanone, |,3-dichloro-2-pro-
panone, l-adamantyl bromomethyl ketone, I-bromo-3,3,3-tri-
fluoro-2-propanone, and ethyl bromopyruvate were commercial
products. We are grateful to Professor V. Rosnati of the Istituto
di Chimica Industriale dell'Universita di Milano for a generous
gift of I-chloro-3-phenylmercapto-2-propanone.

I-Bromo-2-butanone was prepared by bromination of 2-bu-
tanone in aqueous solution in the presence of potassium chlorate. 7
1-Bromo-3,3-dimethyl-2-butanoneis was obtained by bromination
of pinacolone at room temperature. Chlorination of methyl
cyclopropyl ketone according to Kosower and coworkersio gave
chloromethyl cyclopropyl ketone. In our hands, chlorination of
methyl isopropyl ketone with sulfuryl chloride failed to give any
I-chloro-3-methyl-2-butanone. The desired chloro ketone
could be obtained, however, by reaction of isobutyryl chloride
with diazomethane.22  Also prepared by diazomethane treatment
of acid chlorides were chloromethyl cyclohexjd ketone, 22 1 -chloro-

(16) H.Alper, A. E. Alper, and A. Taurins, J. Chem. Educ., 47, 222 (1970).

(17) J. R. Catch, D. F. Elliott, D. H. Hey, and E. R. H. Jones, J. Chem.
Soc., 272 (1948).

(18) M. Charpentier-Morize, Bull. Chem. Soc. Fr., 920 (1962).

(19) E. M. Kosower, W. J. Cole, G.-S. Wu, D. E. Cardy, and G. Meisters,
J. Org. Chem., 28, 630 (1963).

(20) D.P.Wyman and P. R. Kaufman, ibid., 29, 1956 (1961).

(21) M. Thiel, F. Asinger, and G. Reckling, Justus Liebigs Ann. Chem.,
611, 131 (1958).

(22) M. Mousseron, R. Jacquier, and A. Fontaine, Bull. Chem. Soc. Fr.,
767 (1952).
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4,4-dimethyl-2-pentanone, 23 1,1,1,3-tetrachloro-2-propanone, 4
and 1 -chloro-3,3-dipher.yl-2-propanone. >

General Procedure for Reaction of 2-Mercaptobenzimidazole
with a-Halo Ketones.—An equimolar mixture of 2-mercapto-
benzimidazole (recrystallized from 95% ethanol) and a-halo ke-
tone (8-30 mmol) in 2-butanone (40-200 ml) was refluxed with
stirring for 2-8 hr. The reaction mixture was cooled and the
precipitated hydrohalicie salt of 1 isolated by suction filtration.
The salt was then converted to the free base by (a) dissolving the
salt in water and basifying with a saturated sodium bicarbonate
solution, or by (b) suspending the salt in 95% ethanol, heating
the mixture to reflux, adding triethylamine, and pouring the re-
sulting basic solution into 4-6 vol of water. The latter procedure
was used for those salts which were insoluble in water. Recrystal-
lization from acetonitrile, agueous ethanol, or acetone gave pure
1. The melting points and analyses of these compounds are
listed in Table I.

Table I

Condensation Products from R eactions of
2-Mercaptobenzimidazole and

2-Mercapto-5-nitrobenzimidazole with «-Halo Ketones

.““Iaj-_lb' ----- < Registry no.

R (23— YV R— | , p—
CH2CH3
CH(CH32
C(CHDI]
CH;C(CH j)3
CH.SCsHs
cliLC1
CH (CtHB).
CFj
COOC2HS5
Cyclopropyl
Cyclohexyl
1-Adamantyl
CHa

Molecular

Mp, °C formula“

27784-37-8 27784-38-9 94.0-96.0
27784-39-0 27784-40-3 109.0-111.0
27784-41-4 26559-22-8 104.5-105.5 uUHUNiIOS
27784-43-6 27932-06-5 116.0-117.0 i.H 18N 20 S
27784-44-7 27784-45-8 138.0-139.0 dec Ci,H ,N 20S2
27784-46-9 27784-47-0 181.0-184.0
27784-48-1 27784-49-2 150.0-152.0
26559-21-7 27784-51-6 138.0-139.0
27784-52-7 27784-53-8 124.0-125.5
27784-54-9 27784-55-0 131.0-132.0
27784-56-1 27784-57-2 155.0-156.0
27784-58-3 27932-07-6 188.5-190.5

02 27784-59-4 27784-60-7 122.0-124.0
27784 61-8 27784-62-9

cu %xc%nt one FWre 14 nd

wrth
h* e, oy %’ﬁ

tﬁssﬁ rean' %h“" d“eh%tqgtﬁ i @8%'08#825%
ogan nebhtﬁe mel r% ornsand anaysesof he rodu Cls are
Results and Discussion

Condensation of 2-mercaptobenzimidazole with a
series of a-halo ketonef In. 2- buﬁanone ave 1 (R7=
R groups listed in Tab The posifion of condensa-
tion 0 2merca tobenzrmrdazolg and a-hajocarbonyl
compounds has been established as occurring at the
mercapto group.13d The infrared spectra Were re-
corded as EOt ssium bromide disks and in chloroform or
drmet ulfoxide solutions (Table 11). The sPectra

vBr disks mdrcate the resence of either tauto-

mer Ia or Ib but not hoth as rm%c ain tautomerism
occurs only In solutiop or |n the liqUid or gaseous states,
Tautomer la_shows broad apsorption In"the region of

0 500 cm ”ldue to the O H stretch of the dnrg)e
en-handed hydroxyl group and a sharp, usually inte
gand in the )re |oh/ g P82 1068 anr) 1 for t/h
stretch of a tertrar alcohol. Th e spectrum %
amino ketone tautorner [b_also exhi |ts broad ahsgrg
tion in the region of 3200-2500 cm-1 due to the

€23g F. Asinger and F. Gentz, Monatsh. Chem., 96, 1461 (1965)

24 Ch. Grenadier, E. Usteri, and M. Geiger, Helv. Chim. Acta, 32, 703

(1949).
C.L.St and A. E. Sherr, J. Org. Chem., 17, 1228 (1952).
20) H. Ogura, T. Itoh, and K. Kikuchi, J. Heterocycl. Chem., s, 797

(1969).

i-HuN-0OS

Cc
CuHuUNjOS
C
Cc

a
@

¢ CwHSsCINjOS
C22H 1SN20 S
C 10H 7F 3N 20 S
CijH iiN jO S
ClI2HI2N 208
C 15H 18N 20S
C19H 22N 20S

Z I I I IITIIIIITITI

J. Org. Chem., Vol. 36, No. 10, 1971 1353
gen -honded N-H stretch but in addition a strong hand,
ue fo carbonyl stretching, appears at 1747-1693 cm-1.
We have observed. in all Tpstances, that th%occHrrence
of tautomer 1b in the solid state indjcates att Is will
be the on1y tautomer present in solutjon. If the car-
binolamine Ia I the taltomer present in the solid state,
then solution studies will show the presence of only
tautomer La 0 amrxtdre of rin an charHCL{to ers.

Similar ir bands occur for la an b In bot oro orm
and dimethyl squoxrde with the appearance of free
N-H or O-H stretching absorptions In additjon to

otr |tnhpace of the cofresponding hydrogen-bonded

stretc
The nmr sBectra were recorded for DMSO-s S0ly-
%rons of 1 rtunatf any . study of sqlvent %f
ects on the equilibrium 8w 1ty is generallylrmrted y
low solubility of 1. In Iess polar solvénts [certain deriva-
tives were sufficiently s Iuble] n deuterrochloroform
3 for nmr purposes osition of th esrnglet

orthemeth}I]Iene rotons oflban the ?enteroft e’AB
u%rte}I or the co res on Ing protons of |a are given In
able I] (... =

vr) erelagve amounts, of
ring and chaip tautomers here applicanle, were evalu-
ated by careful and reﬁ]eated mte(r;ﬂratron of the ia[ppro
Prrate nmr signals of the two forms. The results o
ained for the series, methyl, ethyl, isopropyl, and
ferr-butyl gTabIe 11, indicate that the equilibrilm shifts
to the chain form with increasing steric bulk of R =z
However, the data could alsp be interpreted as the
cham taltomer bernﬁ more avored_as the electron-
onatrn ahrlrty of. the al nX group mcrezises Alter-
natrve the equilib rrum ay” be ‘controlled by boh
inductive and Steric effects,” Results obtajned with
some of the other substrtuents demonstrate the Impor-
tance of mductrvehe fects in th stems

drou ro ab hasasterrc effectzs
similar otha of an |so ro rou(ng onsequent%
these shou e a proxrm R = CH

\P sent In D ossolutron if the tew

tomerrsm |s erneq sterrce ects However, t
CHzSCeHs?fOUp IS electron attractrng hus fayorin
Increased proportion 0 rrng tautomer (41% opser e
Similarly, the steric effect fatrrfluorometh |"group 1

betweer that of the jsopropyl and feri-butyl groups in
nPo shoudbe re/ gmmanttj

Ca{wg that e char tter. In fact exists on?
as the rin tautomer |h the solrdl state and In chIoroform

of DMSO. solution In aﬁ;reement with |ts owerful
electron- wrthdrawrnq ¥ The cyclohexyl group,
%thou gh ste lcal arge{ han the sopro gll rou
SNOWS a Sma ounto ring form a m utron
?reementwrth the smaller ele tron donatmg propertres
of a cyclohexyl comPared 1) rso ro rou

chloro eth)ylr[;rouo sstﬁrrca nb \ than a
methy sulstituent but has considera eeec ron-with-

drawing character s As anather illustration of the

extent "of inductive control of the tautomeric equrhb

(27) The proportion of chain tautomer for 1 (R = CHa, R' = H) was re-
determined and found to be slightly less than the originally reported value of
66.7% .13 We had hoped to be able to study the compound 1 (R = CD*,
R"' = H) in order to determine deuterium isotope effects.
chloro-3,3,3-trideuterio-2-propanone with 2-mercaptobenzimidazole gave the

hydrochloride salt of 1.

Reaction of 1-

However, basification with triethylamine in dry
acetonitrile resulted in H-D exchange.
(28) R. W. Taft, Jr., “Steric Effects
man, Ed., Wiley, New York, N. Y., 1956, Chapter 13.
(29) Based on a comparison of steric substituent constants for CH30 CH 2,

CHB8CH?2 an

in Organic Chemistry,” M. S. New -

d C6H50CH 2.28
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P | d Nmr Data an d Ring h Tautomeric R atios Jr la <=Ilb
R R KBr, / solution,o V Solvent® sch2 SCH. (J)' % chain
Cc1i3 H 609
CH2CHs H 3200-2700 (OH), C, 3660 (OH, free), 3545 (OH, bonded), D 4.33 3.92 (12) 71
1081 (CO) 3454 (NH, free), 3300-3200 (NH,
bonded), 1710 (C=0), 1110 (CO)
CH(CHa3)2 H 3300-2700 (OH), D, 3200-2780 (OH, NH), 1705 (C=0) D 4.44 3.83 (12) 90
1068 (CO)
C(CHs3s)3 H 3100-2600 (OH), C, 3455 (NH, free), 3307 (NH, bonded), c 4.45 100
1712 (C=0) 1705 (0=0) D 4.62 100
CH2C(CH3)3 H 3100-2600 (NH), C, 3450 (NH, free), 3320-3160 (NH, D 4.30 100
1710 (C=0) bonded), 1712 (C=0)
ch2sceh6 H 3100-2600 (OH), C, 3670 (OH, free), 3561 (OH, bonded), D 4.52 4.08 (11) 59
1129 (CO) 3456 (NH, free), 3300-3100 (NH,
bonded), 1719 (C=0), 1126 (CO)
chZi H 3200-2600 (OH), A, 3450 (NH, free), 3140-2780 h
1132 (CO) (OH, NH, bonded), 1720 (0=0),
1138 (CO)
CH(CeH5s)2 H 3300-2700 (NH), C, 3450 (NH, free), 3305 (NH, bonded), c 4.15 100
1718 (C=0) 1720 (C=0) D 4.45 100
cf3 H 3100-2550 (OH), C, 3100-2600 (OH), 1188 (CO) D 4.38 (13) 0
1182 (CO)
cooczhs H 3100-2600 (NH), C, 3480 (NH, free), 3300-3150 (NH, C 4.09 100
1747 (C=0) bonded), 1740 (0=0) D 4.17 100
Cyclopropyl 1 3100-2560 (NH), C, 3460 (NH, free), 3290 (NH, bonded), D 4.47 100
1693 (C=0) 1698 (C=0)
Cyclohexyl H 3200-2700 (OH), D, 3465 (NH, free), 3300-2800 (OH, D 4.42 3.86 (12) 85
1071 (CO) NH, bonded), 1705 (0=0)
1-Adamantyl H 3100-2600 (NH), C, 3445, (NH, free), 3300-3160 c 4.41 100
1705 (C=0) (NH, bonded), 1685 (C=0) D 4.56 100
ch3s no? 3200-2700 (OH), D, 3420 (NH, free), 3200-2660 (OH, D 4.44 3.04 (12) 79
1082 (CO) NH, bonded), 1710 (0=0)
cf3 noz 3200-2600 (OH), D, 3200-2600 (OH), 1198 (CO) D 4.42 (12) 0
1193 (CO)

“ Data given in units of cm t 6 Type of stretching vibration.

CA = acetonitrile, C = chloroform, D = dimethyl sulfoxide. Re-

liable C-0 stretching values could not be obtained in dimethyl sulfoxide due to background solvent absorption in the C-0 stretching

region.
later [except for 1 (R = CH2Cl, R' = H)].
second. 9 Previously reported as 66.7% with identical ir and nmr data (ref 13).

d Chemical shifts in ppm.  Spectra measured within 10 min of preparing the solutions do not change when measured again 24 hr
eC = chloroform-d, D = dimethyl sulfoxide-d6 f Coupling constants in cycles per

h'In both DMSO-ds and acetonitrile-c!3 the signals for

the protons of the -SCH2 group of the ring and chain tautomers and the -C112C1 group of the chain tautomer appeared in the region of

4.0-4.5 ppm and could not be reliably assigned.

eFltjm infrared studres |nd|c te the rrn tautomer |a

7 = a rtautomer In
solytion (acetonrtrrle Unfortunate 3/ proton mag-
netic resonance s ectra not affor value for the
rrng charn tauto er rat |o or C LL R
because th esrgna %rt e-3 the In% andc ar
tautomers and for t e chaif tautomer
were not well se arated |n ert er D SO-ds Or aceto-

nitrile- d%- Furth rmore the heterocz cle re acted Wrt

D % ? reg

reaction 0 ,,3 te 0ro- ro an ne wrth
ecapt benzimidazole far ro

o oromeot“ye%?up occarre on |c tron o

hydroc R = H Wrth
|yeth ntmrnern%/oetlh ! )

nexce on to the above results, occurs for+ [R =
HLC H;a 7 = I The steric substituent” con-
stant of the neopent ﬂroug

IS more negative, than
the value reported for the t 8

d-butyl group while the

(30) The reaction of a number of a-halo ketones with DM SO to form a-

keto aldehydes has been reported: N. Illornblum, J. W. Powers, G. J
Anderson, W. J. Jones, H. O. Larson, O. Levand, and W. M. Weaver, J.
Amer. Chem. Soc., 79, 6562 (1957). The tautomer Ib (R = CH2C1,R' = H)
also gives the keto aldehyde (a singlet at 9.67 ppm due to the aldehydie
proton begins to appear within a few minutes after dissolvi
in DMSO-de).

ng the heterocycle

eIectrorP e]leasrn abrIrty of the latter |s eater than

e ne h/ groupzs ‘-Jence Inductive
effects alone co tro ed"the e uilibrium, one would
exoect api)roxrmate t¥10 -15% 1 gtautomerto e pres-
ent in solution, The totfa absence of ring tautomer
may be que to the steric effect becoming substantial for
?rouPs ar%er than tog-putyl. In tnis case, severe
e usron tween one oft esubstrtuentmethyl grouH

rogen. of the -SCH2 group may occurin t
rrn %rh grh]w steric strarnr reIFr)eve

0 COUI’SG Iﬂ
te amino ketone tautomer. Imeth

group 1 |R = CH(Cer% R7 = des essen rall ttYe

ame size"as the negpe ou Ives the same
resu?ts as, neopenty op Rhou&h P 2ﬁasg reater electron-
witharawing propertres eerst has re orted

ardaman rou s of
x rom w c can
| o be rough %com

values for m-I-adamantyl and
—0.121 and —0131 res ectrv
estrmate the a= va ue o - fﬁda

parable to that o [oug Noste[)rc u stLtu
ent constant for 1-a am nt ﬁ eeng H

It IS reason e o ssum that the steric ef ecto |s
group I su tantra thus « (R = I-adamanty

(31) J. Weber, Dissertation, Aachen, Germany, 1966, p 51.
Professor P. v. R. Schleyer for informing us of these da”a.

We thank
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R' = H) exists solely as the chain tautomer inthe solid ~ was_treated with chloro-2-propanone and 1-bromo-
state and in solution, 3,3,3-trifluoro-2-propanone to give 1 (R = CH3 or
The results for the cyclogropyl substrtuent apg ar CF3 R' = N02. "Consider 23 and 2b as resonance
surprising on_ first inspection. “Cyclopropyl is” bot contributors to Ta. 3 If 20 makes.an Important cop-
sterically smaII and rnductrveh( slig htI eleCtron wrth tribution to la, then ¢ h po sifive nrtrogen of 2b Would
drawing.= and thus one would pre |ct a rrngc ain favor opening of th ,olr rne rrngn | sh ows
tautomer ratio similar to that_ for s that for 1 ( 3 = e resenceo the
However, the ionjugatrve abrIrty of a gclu nitro rup exertsam dest s rft 0 the charn tautomer
popyI group is_ well documented s’ Cyclopr from R'=CH3R" = H). However the presence of
%ar n I onu %tron In the charn form IS estroyed on anitro roup on the benzen errnq ﬁs no effect on the
ormin tec moamrne hus .+ (R = "cyclo- tautom utli rrum of the i uoromet com-
proP]yI R' = H) exists solely as thec ain tautomer ot oun t ere Indicatin t e powerful inductive con-
In the solid stafte and Jn soldtion, conér qatron berng the roIb ' the substituent in rt)osrtr n,
driving Torce for chain tautomer stabilization. ~ Simi- In summary t e results obtained from this_investi-
larly, 1 (R = COOCoHs, R'_= H) exists only as the  gation lead to the fol owrngf concl usrons a) for R
amino ktone in squtron These results are’ further ?roups of steric_bulk up to erf-putyl, ring-chain tau-
\Aﬁ]porte by earlier works on 1 [R = EI 4 tomenism of 1 is controlled predominantly, If not ex-
ere X ="H, Cl, Br, N02 OCH3, R" = H] where, cIusrveyR by the rnduetrve effects of the fubsgtuen%
rn all cases, 1p was the only tautorier present in solu- eg, IS electron re easrng the carbonyl carbon g
tron Here the aromatic ring can con ugate with the becames more negative thiis makrn It esssusceBtr

carh on?/ %rou of the amino ke one ble to ring formation’by reactron with the amino gro| R
e results revrously obtarne for: (R =R"=Hys the revese ?ument %prﬁ les when R Is electron” wit
cannot be apﬁlred ‘0 the stuay rep orte herern srnce an drawrng(} g or very grou S, e.g.. NEOPENtyl and
alde eyde such as Ib s substantrally more susceﬁ ﬁ diphem zl steric, effecs become important; (%
conaensation wrth an amino group' than a ketone, thus any group having. conjugative properties will result i

giving the ring tautomer la. thé heterocyclo existing solely as Ib.

[t Was also of Interest to determine whether or not a
strongly electron- attractrn roup on the benzene rin Acknowlengment—Acknowledﬁment Is made to thg
woulg sl e t% i ein G omerr% donors of the Pefroleum Research Fund.~ administere
equilibrium: = wouf acompound Xisting soeuasthe by the American Chemical Society, for support of this

rrn% tautomerfor (R = H) be a mixture of ta] gmers research.
Wh R XOZ’) 2 Me Capto 5 nltrObenZ|m| aZOle (32) Y. E.Rhodes, Fourteenth AnnualReporton Research under Sponsor

ship of the Petroleum Research Fund, 1969, p 70.

(33) (a) W. G. Dauben and G. H. Berezin, J. Amer. Chem. Soc., 89, 3449
(1967); (b) J. C. Bourmanne, G. Leroy, and J. Weiler, Tetrahedron, 26, 2281
(1970).

(34) H. Alper and A. E. Alper, J. Org. Chem., 36, 835 (1970).

(35) The nitrogen on the carbon atom meta to the nitro group may also be
involved in the tautomeric process but, in any case, the same arguments
apply as per 2a <-> 2b
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On the Mechanism of 1-Phenylcyclobutene Formation in the
Reaction of 1-Chloro-4-bromo-Il-phenyl-1 -butene with Magnesiuml
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Department of Chemistry, University of Wisconsin—Milwaukee, Milwaukee, Wisconsin 63201
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A mechanism previously proposed for formation of 1-phenylcyclobutene from the reaction of 1,4-dibalo-I-
phenyl-1-butene is shown to be unacceptable, since a proposed intermediate Grignard reagent (6) is stable under
the reaction conditions. Among several possibilities considered, a radical cyclization mechanism appears to be

the most likely.

n 1965 Newman and Kaugars2 reported that 14-
drchloro - henyI -|-butene %Ia)greacts with ma nesrum

eth er tl produce a product mrxture rnc mg
oen ylcyclobutene 23 ¢raws-1-chloro-I-pheny 1-2-by-
ene (13 as- ang irors-1-phenyl--butene 84) and 1-
phenyl-1,3-butadiene (5) (eq 1% They proposed the
CaH5
C=CHCHZXH2X
cl
la, X = Cl
b, X = Br
cth5Vv
C=CHCHZXH3 + cthxh= chchzh3 +
c/ 4
3 CEHSCH=CHCH=CH2 (1)

5

mechanism shown in eq 2. Largely because 2 did not

caH5
}c=CHCHZHMgX - H°> 3
ar

/ 6

1+ Mg\
caH5
\:= chchzhXx —t

CiMgX

and other products (7)

increase at the exRense of 3 with longer reaction times
theﬂb/r concl(uded that nce formed rrmar Grrgnarri

r]ea ent 6 dogs not u (m/ urt er re ctrﬁn unt
srs Then, o cts weret ou tto
rme romavrn lic Gn?nar Bea ent / g
%/cyc utene may be_explained X internal nucleo-
Prrc displacement'in 7 Fromv\)/ S of pro cts, the
ather strprising conclusion. was reached that’ the
vrn lic Grrﬂnard Jeagent 715 formed more raprdly than

nar
More recentI Fry and Moore3 reinvestigated this
reaotron They f n, % al\geuterrum a%ﬁ
ment that the hen lcyc T}obutene IS forme

EXpefl-
a path-
way that results in scrambling of carbon atome and 4.

(1) We gratefully acknowledge support of the researc h by the Petroleum
a inistered by the American Chemical Society.

(2) M.S.Newman and G. Kaugars, J. Org. Chem., 30, 3295 (1965).

(3) A.J. Fry and R. H. Moore, ibid., 33, 425 (1968).

A pathway including intermediate carbenoid 10 or car-
bene 11 was proposed (eq 3). Experiments in our

CcaHs. G,H5x

C=CHCHZD2X C=CHCHZD2M1gX

CI/

8

lahoratories, to be published shortly, sug est a similar
mechanjsm for cycfobutene formatron from |-chloro-4-
bromo-|-butene.” However, this, mechanism agarn
raises the uestron as to Wh%’ the gredof3remarns on
stant. Fry and Moore were forced to conclude that a
Eortron of 'the primary Grrqnar reagent b must ab-
tract a proton from some other species present in the
reaction mixture, in competition with its cyclizing re-
arrangement.

Results and Discussion

{ %he time that ﬁhe report of Fry and Moore was
u rs ed, we were also en aged In a‘reipvestigation of
e Newman_and Kaugars réaction. Since a r¥| bro-

mides form Grignard réagents more readrlrr than alkyl
chIorrdes the use of Ib S ouIdamost eXC usrv% pro
duce primar nard reagent 6 % r
Newman-Ka ars echanrsm Iittle or no enylcyclo
butene shouId a e] formed. Howe er, rt remfirned a
roduct of t % gactron euterium tfelrng
ex err ent wrt ad also led to results similar t
Ja se of Fr Moore a%rrhre urrrn? a product-
Fter Inin recursor for 2 With esSentia equivalence
of carbon atoms 3 and 4
However addi Aronal results als? exclude the mecha
nism of Fry an Moore. geor ically rprrmar
?nar rea 6Nt 6, once rormea, UOES NOt FéQ rangerear

rnyrrbrre'rs“rr“rs B ol ﬁh'(?

sis of the reaction olutron ence 60annot e dn
Intermediate In the ormatr n02 This crucial orrﬁ
IS demonstrated ythe o lowin exrt)errments hic
are reported In detdll |ntheEf<per| ental Section.

Asoutronpregare from [l and magnesium in ether
was found by examination of the nmr spectrum to con-
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tain hoth Ehenylcyelobutene and a primary Grignard
reagent,  Extraction of the mixture with pentane re-
moved the former but left the latter. Additional heat-
Ing of the resrduaI Grrgnard In ether squtron roduced
more Ic eo butene, tI sowg
Th |s IS art 0 ow t0 account for its presenc asamajor
pro duct a ter on(){ a few minutes’ refl ux In etheror
etra ){dro uran urrn]g preparation o the reagent.
A portion of Grignard solution was dro zed Wrth
deuterium, oxide. esdpectrum of 1c org
1butene isolated showe at_least 75/0 gﬂn oba I
near 95%) of one deuterium In the grou
ﬁama er amounts of 1- hengl -|-putene |§ola ed from
t esame reactron were rgey monodeuterated In
both r? p?]rtrons Therefore, 1t may be safely
fr?d‘geld 6ed that the major Grignard reagent present was

The present results, then, appear to echude both thg
mecharlisms of Newman and Kaugars2and of Fry an
Moore.3  Several previously. unconsidered possifilities
exist. First of all, 1t s possrble that the mechanrsm |s
indeed a Grignard cyclization, as proposed by
?nd Moore, but that thie cyclization involves ﬁn rnrtrally
ormed active Grignard reagent species, which Js in part
deactrvatfd to orginar Grrpnard Bryce- Smrth4notes
that alkylation of aromatic fings by aninitially formed
possibly un%olvated and mopomeric, Grignard reagent
occurs “much more readjly. than wrthapre -Tormed. re-
agent in hydrocarbon solution. A similar species might
be involvéd in the p ebsent Instance. A refated possr
brIr Is that a free carbanion, which might be an Inter-
medjate. In Grr%nard formation, Is the unstable, rear-
rangrn%mterme i

A'setond possrbr Ity is shown rn egd. A free radical
likely an intermegiate in the formation of Grignard
reagent, may cyclize and subsequently be reduced by

\ := chchxh,x
cl

s\

c= chch,ch2 fo-< 1

or cl
12 13
oo ()

ceHs
H.0 - TAN
C=CHCH2CHMgX c|—é—<]

a
MgX

the magnesium. _ Similar mechanisms have been pro-
posed for cy clizations from acetrrlenrc halides upon reac-
lon wrth madnesrum or [lithium56 eagents
Reasonable aouKes to t e ot er produtcts re4§rt
ewman and Kaugar butene
hen butadie e§ nP ht be hydrolysis of the di-
PS h/ard%rom tﬂedrh lide a% h/dro alogenation,
resp ectrvep T e latter product was not |dentrf|ed in
the present study

(4) D.Bryce-Smith and B. J. W akefield, Tetrahedron Lett., 3295 (1964).
(5) J. L. Deroegue, U. Beisswen ger, and M. Hanack, ibid., 2149 (1969).
(6) H.R.Ward, J. Amer. Chem. Soc., 89, 5517 (1967).

dd b%/_
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In this mechanism, partition between the two path-
ways. may accur at either of two stages, First, if
equilibrium between radicals 12 and 13 IS attained,
then the relative yields of produts by the two path-
ways will depend. upon the equrlrbrrum con%tant for
their interconversion and the relative rates of further
reductign of the two radicals gesand .  Qn the gther
hand If d» fc-2 1215 effectively irréversible.  Then
t e product determining partition 1s between /2 and

There IS sybstantial recedent for ra:prd equrlrbrrum
ccrzatron ofTSbu(sen | radicals. Roberts and co-
wor ers have foun the rearrangement shown In
e 51 extreme rap|d7 The relative yields, of the
gdrogen a stractron products of the two radjcals at
are mdgpendent of the concentraHon of the very
ectrve ny ?en atom onor triethyltin- hydride,
Equrr ration of the methylene groups Of 14 alSo was
o plete With trreth Itrn hydride at 125° the ratio
products derived from 14 and 15 was about 14:1.

(CeH5)2C=CHCH2CH2 "~ (CeHs)2C— <] (%)
14 15

The Grignard reagent corresponding to 14 reacts with
0Xygen or cobaltolis chloride, db% mechanrsms helieved
tor volve free radicals, to_yield 66 and 12% of cyclized
pro ucts respectrvey8 Since th enew bond formed b
l]r he strongert an the one formed by s, It is
p anle th at 14 réacts more rapidly than s, There-
ore, th op]ge th er IS o %uantrtatrve basrs for an esti-
mate of the equilibrium constant, 15 is surely an impor-
tant, |fnott maJor constituent.~ \While the chlorine
atpm In radical 13 sho Id not stabrlrze the radical as
erfectively as the secon eny |n 15, It rs strII reason-
able that substantral amount o 13 m Rresent at
equilibrium, 1t i also ossr le th ateectro fransfer
to 13 may be partrcularly enhanced by the_ conjugated
Ir- orbrttal %stem In other reIatedt s%udfres Sd faIIer
amounts of ‘cyclized produc eas to be formed from
substituted 2/ clo rd) Fmeth a]p[radrca(ts lacking reso-
nance stabil rzatro
A consequence of rapid equilibration of radicals 12
and 131s that the methylene grqups In the labeled halide
8 should become scrambled In Grrgnard reagent 6.
The nmr spectrum of the solution formed from™8 with
maonesrum has a broadened singlet resonance at the
position expected or the CHZ\/I group, but it only
accounts or ZOK ofgu rogegs Therefore, we
musf conclude that radicals 12 &nd 13 do not attain
equilib rrum Reductron of cyclized radrcaI 13 ocpurs
more rapr ly than Its rrng gp ning, so that radical lite
times urrng the Grignard' formation stage must be
qultes
n orde rto Iearn more of the behavior of radical 12,
we have bri cf dv studred the reaptron of 1o wrth tri-n
butyltin hydride, crzatronﬁ the radical b eore hp
drogen a stractron rom the hydride would 0
phenylcyclopropylmethyl chloride ). Thrs mrgt

(7) T. A. Halgren, M. E. H. Hcnvden
ibid., 89, 3051 (1967).
(8) M. E. Howden, A. Maerc

, M. E. Medof, and J. D. Roberts,

her, J. Burdon, and J. D. Roberts, ibid., 88,
1732 (1966).

(9) L. K. Montgomery and J. W. Matt, ibid., 89, 934 (1967).
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be expected. to underr{r 0 further reduction itself at a
rate competitive with that of Ib (e (qe) Evidence was
Ib + Busn —1 12 13

jRUSTH  JRuBH

CsHsCC1=CHCHcHs  (GH

cl-c~d
H (6)
16
BUST
CA cds
CeHsCH=CHCH2CH2 -c—<n —%
1 1 H

cehsch=

not foun |n enmrsecrum or any cyclopropane
tf din th pect f y cycloprop

ro ducts, owever 1-phen utene was r entrfred
uantrtesa out 10-20% muc ast 1-Ch or%

hutene Inayun wit tr1-n- utydltrn B/

drr Abstraction 0 avrn){ cc orine would not be

exgected to compete effective y wrth that of the Rrrmar

romine of Ib:"so we conclude that an% P
e 0

chch2ch3

butene present must have heen formed M
shown in eq . In contro experiments, “1-pheny
butene dli Fnoﬁ react I under the cogdrtrons used,
and 1c 0ro- eny utene ap eared to produce
some n-hutylbenzene, arouten resentl under-
stood, |thver thtlet hen hy

Ano ther reaction |n radrca rntermedrates ap-

Pear toR ? eeﬁed rom aka/ Jta ides | |s In Be reac-
iQn Wit [lithjum. comﬁo N %10 When [b reacts
wrth excess methy Ilrthrumr tetr Iydro uran, a vig or
? reaction ensues and_;-phenyfc co butene Is t e
only identified product. The sane reaction with delr
terate bromre groduced - hen%l%clo utene wrt
Cs aP cram?l A mechanis a Pnrolp rs]
similar 10 that 0 eq 4, but with methylfithiu at er
than magnesium actrng as the electron SOUrce.
reaction etweeR Ih and batyllrthrum in hexane- ether
carrred out in t Probe of & T-60 nmr spec trometer’
CIDNP spectrum of I-butenelh wa dt)ected
% r] ance bsowtron or emrssron ttributable to
HX ¥co butene was observe [I e com # mtey
F oduct and the relatively. 'small amount P
ng/r\e (toon butene might be responsible for the lack of 0

An alternative mechanism for formation of 1-phe-

nylcyclobutene is shown ineq 7. In this instance, the
GH.
c= chchxchX
Cl
GH.
+ X“
cr
10 —m3 (7)
(10) (a) H. R. Ward and R. G. Lawler, J. Amer. Chem. Soc., 89, 5518
(1967); (b) D. Bryee-Smith, J. Chem. Soc., 1603 (1956).
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three-membered rrng IS generated in an irreversible
ste an internal nuclegp |I|c displacement of halide
gt e sty ren We radrca anion. The entry to the
ssinle equilibr 13 now occurs thr u? 13.
rrng openrng of 131 slow relative to its further reduc-

fion i > ()r then a competing normal Grignard
formation woul explain the ohserved result of limiteg
scrambling

of carbons n ermary Grignard 6.
similar, mechanism could eBIarn phenﬁcyc obutene
formation_in the methyllithium reaction. “An argu-

ent against thi mechan Is that hoth erna
H]rsp acgment andS Grrgnar(J tm rmation shoul rg e a%ecter!
v\Hecane rom bromine to ¢ orre in la. It
ould be surprising that approxrmatelﬁ e_same bal-
ggrcne é)Jnégac ion paths should be folnd from both
Ngwman and Kaugars also found that 1 4-dichloro-
1.2-dip hengl -|l-butené y |eLded 90%. of 1,2 drphenylcy
cobutene n reaction wit magnesrum In ether. "It°s
reasonable to presume that reaction follows a mecha-

nism similar to the 1-phenylcyclobutene formation in
the present study.

Experimental Section

Nmr and ir spectra were run on a Yarian Associates HA-100
spectrometer and a Beckman IR-8 spectrometer, respectively.
Gas chromatography was carried out on an Aerograph A-90-P
chromatograph, with columns of Dow Hi-vac silicone grease and
QF-1 on Chromosorb P.

I-Chloro-4-bromo-I-phenyl-I-butene.—Aluminum chloride
(40.7 g, 0.31 mol) was added in portions to 4-bromobutanoyl
chloride (52.2 g, 0.30 mol) in 200 ml of benzene. The mixture
was refluxed for 15 min more and poured over ice, and the or-
ganic product was worked up by distillation: bp 113-117° (0.4
mm); nmr (CCh) 6 2.20 (quintet, 2, ] = &.E Hz), 3.06 (t, 2,
J = 6.5Hz), 345 (t, 2,)] = 6.5 Hz), 7.2 (m, 3), and 7.85 ppm
(m, 2). The product (25 g, 0.11 mol) was allowed to react with
phosphorus pentachloride (31.4 g, 0.15 mol) in 80 ml of carbon
tetrachloride. The reaction mixture was poured over ice, and
the product was taken up in benzene and distilled. After a
forerun consisting largely of phosphorus oxychloride, a major
product fraction, bp 105-110° (0.4 mm), was collected. Re-
distillation yielded a center cut: bp 111-112° (0.85 mm);
nmr (CCh) 5288 (q, 2, / ~ 6.9 Hz), 3.37 (t, 2, ] = 6.9 Hz,
CH2Br), 6.10 (t, 1, ] — 6.9 Hz, =CH), 7.15 (m, 3, aromatic),
and 7.5 ppm (m, 2, aromatic). Chemical shifts were concentra-
tion dependent. A weak triplet at S 5.9 may perhaps be at-
tributed to a few per cent of the cis isomer.

Anal. calcd for CioHioCIBr: C, 48.91; H, 4.11.
49.17; H, 4.17.

1-Chloro-4-bromo-1-phenyl-1 -butene-.), 4-r/2.—4-Chloro-4-phe-
nyl-3-buten-I-ol-1,f-d2 was prepared in a manner similar to that
described by Fry and Moore.3 To the alcohol (3.2 g) and pyridine
(0.6 g), phosphorus tribromide (1.4 g) was added dropwise with
cooling on an ice bath. The mixture was heated 2 hr at 100°,
hydrolized with water, extracted with ether, dried, and distilled.
The nmr spectrum of the product was similar to that of the un-
deuterated compound, but the absorption at 5 2.9 was a broad-
ened doublet (/ =7 Hz) and the absorption at 5 3.37 was com-
pletely absent (<2%). Triplets in the olefinic region at S 6.12
and 5.92 ppm and an extra methylene absorption at 52.58 ppm
indicated a mixture of isomers in a ratio of about 6:1. Undeu-
terated chloro bromide was prepared in this fashion with similar
results.

1-Phenyl-I-butene was prepared as described by Newman and
Kaugars. Cis and trans isomers were separated by gas chromatog-
raphy, with the cis isomer eluted first: nmr (CC1() (cis) 5 1.09
(t, 3,/ = 7.5 Hz, CH3), 2.33 (quintet, 2, J] ~ 7.5 Hz, CH2),
5.6 (triplet of doublets, 1, J = 7.2 11.5 Hz, olefinic), 6.34 (d,
1,J = 11.7 Hz, olefinic), and 7.19 ppm (s, 5, aromatic); (trans)
all0 (t, 3,J = 7.5 Hz, CH,), 2.21 (m, 2,J = 7.5, 5 Hz, CHj),
6.2 (m, 2, olefinic), and 7.2 ppm (m, 5, aromatic).

1-Chloro-I-phenyl-I-butene was prepared as described by
Newman and Kaugars. Cis and trans isomers were separated

Found: C,
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by gas chromatography, with the cis isomer eluted first: nmr
(CCh) (cis) s 1.04 (t, 3, ] = 7.3 Hz, CHS, 2.14 (quintet, 2,
J ~ 7.3 Hz, CH2, 588 (t, |, J] — 7.5 Hz, olefinic), and 7.29
ppm (m, 5, aromatic); (trails) 51.12 (t, 3,/ = 7.5 Hz, CH3),
2.40 (quintet, 2, ] ~ 7.2 Hz, CH2), 6.04 (t, 1, J = 6.9 Hz,
olefinic), and 7.2 and 7.5 ppm (m, 3 and 2, aromatic).

1-Phenylcyclobutene.—We are grateful for a sample received
as a gift from Dr. M. McKinney of Marquette University:
nmr (CCh) 5 2.47 (m, 2, CIL), 273 (m, 2, Cll2, 6.17 (t, 1,
olefinic, J = 1.2 Hz), and 7.0-7.5 ppm (m, 5, aromatic). It was
found that samples appeared to polymerize on standing for several
days, and, on some occasions, isomerization or polymerization
appeared to occur during gas chromatography. Since well-
defined peaks were obtained, it appears that reaction may have
occurred in the detector.

Reaction of I-Chloro-4-bromo-I-phenyl-l-butene with Mag-
nesium.—A Grignard reagent was prepared from 1.32 g (5.4
mmol) of the chloro bromide and 0.214 g (8.9 mg-atoms) of
magnesium in 4 ml of ether. The magnesium was a sublimed
grade obtained from the Dow Metal Products Co., and the ether
was freshly distilled from lithium aluminum hydride under a flow
of nitrogen. The nmr spectrum of this solution showed a some-
what broadened triplet at 5 —0.37 ppm (] = 8.5 Hz) attributable
to the CHMg protons, and a triplet at $6.33 ppm (J = 7 Hz),
attributable to the olefinic hydrogens of the primary Grignard
reagent 6. A tight olefinic triplet at 5 6.17 ppm (J = 1.2 Hz)
and allylic methylene absorption at h 2.47 and 2.76 ppm corre-
spond to the spectrum of 1-phenylcyc.lobutene. Additional,
poorly defined, olefinic absorption was present from $5.8 to 6.2
ppm. The spectrum remained unchanged on heating for up to
4 hr at 60°. Hydrolysis produced a mixture of products identified
by gc retention times and nmr spectra as follows (relative yields
in parentheses): cz's-I-phenyl-I-butene (0.03), frcms-I-phenyl-1-
butene (0.10), 1-phenylcyelobutene (0.53), czs-I-chloro-1-
phenyl-l-butene (0.:1), and irans-I-chloro-lI-phenyl-l-butene
(1.00). Yields varied in different preparations. This was in part
a consequence of a tendency of the 1-phenylcyclobutene to poly-
merize on standing. 1-Phenyl-1,3-butadienezwas not identified,
though some minor fractions of short retention time were not
investigated.

Solvent was distilled from the Grignard reagent under high
vacuum, the semisolid residue was stirred with 3 ml of pentane,
and the pentane was removed by syringe. After four such ex-
tractions, residual pentane was pumped off and replaced by
fresh diethyl ether. The spectrum ascribed to phenylcyelobutene
was no longer visible, while the absorptions at s 6.33 and —0.37
ppm remined, as did some poorly defined olefinic resonances.
The solution was heated for periods up to 4 hr at 115° in a sealed
nmr tube. At the end of this time, the S 6.33 and —0.37 ppm
absorptions were decreased by about 50%, and the olefinic triplet
of 1-phenylcyclobutene was the most prominent peak in the
rather cluttered olefinic region. The nmr spectrum of the pentane
extract clearly showed the presence of :-phenylcyclobutene;
additional absorption could be attributed to irans-l-chloio-1-
phenyl-:-butene, and gas chromatography showed that the two
components were present in a mole ratio of about. 4:1. It is
likely that much of the latter results from hydrolysis of some
Grignard reagent entrained in the pentane extract, since the
extract became cloudy on standing in air or addition of water.
Hydrolysis of the remaining Grignard solution (not heated) gave
mainly t-chloro-l-phenyl-I-butene, along with smaller amounts
of 1-phenyl-lI-butene (1:0.2) and a trace of phenylcyelobutene.

A sample of Grignard solution was hydrolyzed with deuterium
oxide, and the products were isolated by gas chromatography.
The ira?is-l-ehloro-lI-phenyl-I-butene had aromatic and olefinic
resonances similar to those of undeuterated material. The
methyl absorption consisted of a1 :2:1 triplet of 1:1:1 triplets,
corresponding to avicinal Jh-h = 7.7 Hz and ageminal Jh-d =
19 Hz, respectively. The low-field component of each of the
H-D triplets was slightly enhanced, and the splitting slightly
reduced, suggesting the triplet corresponding to undeuterated
material, and an up-field shift of about 0.017 ppm produced by
geminal isotopic substitution. The methylene resonance was a
broadened quartet. The ir spectrum showed C-D absorption at
2180 cm”1l From nmr integrals and comparison of intensities
within the methyl multiplet, it was concluded that the sample was
80-95% monodeuterated. The spectrum of the cis isomer was
generally similar in appearance, but there was an insufficient
amount for a quantitative analysis. The spectrum of the trans-
I-phenyl-I-butene was similar in appearance in the methyl region
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but with probably 20% of undeuterated material. Integration
of the olefinic and aromatic regions indicated 70-80% of one vinyl
deuterium.

A sample of a reaction solution was stirred for 5 days under
nitrogen, in the presence of excess magnesium, and hydrolyzed
with deuterium oxide. None of the products were substantially
deuterated, suggesting that little Grignard reagent remained.
The product was significantly enhanced in 1-phenylcyclobutene.
It is not certain whether this is a consequence of conversion of
other products to phenylcyelobutene under the influence of
magnesium or simply to destruction of the Grignard reagents
present in a manner not leading to simple hydrolysis (as by re-
action with oxygen).

In a reaction with undeuterated halide in tetrahydrofuran, the
nmr of the reaction solution showed CH2Mg proton resonance at
5 —0.42 ppm, somewhat weaker and less well resolved than in
diethyl ether. There was avery broad absorption at s 0.4 ppm,
and the olefinic triplet of the primary Grignard reagent 6 was
weak or absent. The presence of phenylcyelobutene was clear.
The mixture was extracted with pentane as before. The extract
contained phenylcyelobutene as the major identifiable product
(from nmr), but there was a substantial amount of unidentified
material, largely lacking in olefinic absorption and probably
polymeric. The remaining Grignard reagent was hydrolyzed
with deuterium oxide. The nmr spectrum of the product mixture
indicated a CH2CH2D group and an olefinic triplet, along with
much other ill-defined absorption. Gas chromatography showed
more 1-phenyl-l-butene than in the ether reaction. It is likely,
judging from the spectra, that the Grignard solution contained
largely the di-Grignard reagent.

Reaction of I-Chloro-4-bromo-I-phenyl-I-butene%%-d2 with
Magnesium.—The reaction of 1 g of the halide with 0.16 g of
magnesium in 4 ml of ether was carried out as with the undeuter-
ated halide. The nmr spectrum of the original reaction solution
was similar to that obtained previously with two exceptions:
the methylene resonances of 1-phenylcyclobutene were collapsed
into a pair of broadened singlets, and the -CH 2Vig resonance was
weak (about 20% of two protons, based on olefinic resonance)
and was a broadened singlet. The mixture was extracted with
pentane as before. The extract had broadened singlets at 5
2.47 and 2.73 ppm; the lack of splitting is consistent with assign-
ment to the methylene resonances of I-phenylcyclobutene-4,4-d2
and -3,3-d2 respectively. Since the higher field resonance was
wider, it was assigned to the 4,4-d2 isomer; the three-bond vinyl-
allylic coupling of c.yclobutene is known to be greater than the
four-bond coupling.iz  The olefinic resonance appeared to be a
superposition of the triplet (J = 1.3 Hz) for the 4,4-rf2 isomer and
asinglet, shifted 50.010 ppm to higher field, for the 3,3-dz isomer.
The two isomers were present in nearly equal amounts (£10%).
The residual Grignard solution had an olefinic triplet, most
probably attributable to the primary Grignard reagent s-Ck, and
a variety of weaker, ill-defined bands in the olefinic region.

Reaction of I-Chloro-4-bromo-I-phenyl-lI-butene with Alkyl-
lithium Reagents.—To 1 g of the chloro bromide in 10 ml of
tetrahydrofuran wkas added 12 ml of a 1.8 M solution of methyl-
lithium in ether. The reaction refluxed spontaneously. Toward
the end of the addition, a long-lasting blue color was generated
in the solution. The mixture was hydrolyzed with water and
gas chromatographed. The major component was identified as
1-phenylcyclobutene. Similar reactions occurred with butyl-
lithium.

The experiment was repeated with the deuterated chloro
bromide. The crude product was distilled to a cold finger under
aspirator vacuum. Its nmr spectrum was similar to that of the
deuterated phenylcyelobutene isolated from the magnesium re-
action, indicating a mixture of 3,3-d2 and 4,4-d2 isomers.

The reaction of Ib with butyllithium was carried out in an nmr
tube in an attempt to observe chemically induced dynamic nuclear
polarization (CIDNP). In an nmr tube were placed 40 /d of
chloro bromide Ib, 0.25 ml of 1.6 M butyllithium in hexane, and
0.035 g of diphenylacetylene. The nmr spectrum was scanned on
a T-60 spectrometer and 100 /d of ether was added. Rapid
scanning of the spectrum showed the appearance of positive and
negative peaks similar to those observed in the analogous reaction
with I-bromobutane.la These signals decayed and within about
4 min the spectrum remained constant. It appeared to have
signals corresponding to olefinic protons of 1-butene and :-

(11) E. A. Hill and J. D. Roberts, J. Amer. Chem. Soc., 89, 2047 (1907).
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phenylcyclobutene, along with other olefinic resonances. No
transient abnormalities were apparent in the position of the 1-
phenylcyelobutene absorption.

Reactions with Tri-n-butyltm Hydride.—In an nmr tube, there
were placed 0.55 ml of a 1.2 M stock solution of tri-n-butyltin
hydride in benzene, 0.144 g (0.59 mmol) of I-chloro-4-bromo-I-
phenyl-l-butene, 0.0016 g of azobisisobutyronitrile, and 0.020
ml of tetrahydrofuran (as an internal reference). The sample was
heated at 85° until the nmr spectrum showed complete disap-
pearance of the Sn-H band (8 2.24 ppm upfield from benzene).
The nmr spectrum showed partial disappearance of the chloro-
bromide olefinic triplet 5 1.32 ppm upfield from benzene, and re-
placement by a new triplet at 8 1.28 ppm. By gas chromatog-
raphy, components of the mixture were separated and identified
as cis-1-phenyl-l-butene (by retention time), <rans-l-phenyl-I-
butene (by nmr), cis-lI-chloro-l1-phenyl-lI-butene (by nmr),
irans-I-phenyl-I-chloro-lI-butene (by nmr), and cis and trans
isomers of the starting halide (by retention time). The ratio of

Conformational Analysis.

LXXII.

Allinger, Neumann, and Sugiyama

trans-i-phenyl-i-butene to frarw-I-chloro-I-phenyl-l-butene was
about 0.1. Reactions at lower concentrations gave less complete
reduction and apparent side reactions.

A similar attempt at reduction of 1-phenyl-I-butene led to no
disappearance of either hydride or alkene, based on nmr observa-
tion. With 1-chloro-l-phenyl-l-butene, disappearance of the
hydride occurred, and a product was formed which was identified
by nnr and by its retention time as n-butylbenzene. 1-Phenyl-
1-butene was formed in less than 10% of the amount of n-
butylbenzene.

A competitive reaction was carried out with 1-bromobutane and
1-phenyl-I-chloro-lI-butene. No 1-phenyl-l-butene was found by
gas chromatography.

Reqistry No.—lb, 28273634 4 4-dideuterio-Ih,
28273645 2. 3365-26-2 cis.3, 28273-67-8 trans.3,
3365-30-8: 'cis.4,1560-0 94 trans- ,1 005-64-7.
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A rate and product study has been carried out on the solvolysis in aqueous ethanol of Cis- and irans-s-phsnyl-

cyclooctanol tosylate and the corresponding p-anisyl derivatives.

The results indicate that in these compounds,

and by inference other cyclooctyl derivatives, neighboring group participation is not of importance in determining

solvolysis rates.
effects.

Tragsannular hydrrde shifts across medium rrngs
have been known for almost 20 years.6 In an effort
t0 understand the stereochemrcl teatures of these
shifts, the solvo glses of a num er of different stereoiso-
mers of three- five-substituted cycl octane con-

b e
rapidl yh did the trans 1somer, ar*& ?te pro uct 0[)

taine from the cis isomer was mostly rearran
while that from tlhe trans 1somer wa% mosﬁygt?t H
corresponding to simple elimination6-8 (eq”1).

OTs

From

cis

(1) Paper LX X 1: M. T. Tribble, M. A. Miller, and N. L. Allinger, J.
Amer. Chem. Soc., in press.

(2) Abstracted in part from the Ph.D. Dissertation of C. L. N., presented
to Wayne State University, Sept 1966.

(3) Supported in partby Grant No. GP 15263 from the National Science
Foundation.

(4) Correspondence regarding this paper should be directed to this author
at the Department of Chemistry, University of Georgia.

(5) (a) A.C.Cope, S.W. Fenton, and C. F. Spencer, J. Amer. Chem. Soc.,
74, 5884 (1952); (b) V. Prelog and K. Schenker, Helv. Chim. Acta, 35, 2044
(1952) For reviews, see E. L. Eliel, “Stereochemistry of Carbon. Com -
pounds,” McGraw-Hill, New York, N. Y., 1962, p 252; A. C. Cope, M. M.
Martin, and M. A. McKervey, Quart. Rev., Chem. Soc., 20, 119 (1960).

(6) N.L.Allingerand S. Greenberg, J. Amer. Chem. Soc., 84, 2394 (1962).

(7) N. L. Allinger and W. Szkrybalo, Tetrahedron, 24, 4699 (1968)

The rather fast rates observed, and rate differences between isomers, are attributed to steric

emernatlon of the probable conforn\atr%ns of the ’]
cules partrcrpatron ythetransann ar hydrogen of t

cIs jsomer In the raté-determining steP appedred to be
Indicated (eq 2). Only the cis iSomer has a geometry

iert-Bu <ert-Bu

which will ﬁermrt such artrcrpatron The trans isomer
reacts without participation, and without much rear-
rﬁngement However, the difference. in rate between
the"cis and trans 1somers was only a factor of 34, a
not large enough to be convincing attrrbut%d to ner
boring group artrcrpatron Srnc the ter] rou
|s obvrous %urte bul k%/ It mahy we deform ap recr
bly the cyclgoctane i tow Ich It is attache
henc the eatr| [ experinents d rlot conc u%vel rue
out t eEossr h/ attheunusua ate for { ecr? %0
mer wa esult of con orma%ona drst?rtron of {he
ring ythe erl-puty qrouB rafher than_o nerg orrng
group participation’in the Usual sense, ~ The redrrange
product in that case would have to be formed by a trans-

(8) N. L. Allinger, I. Lillien, C. L. Neumann, H. Sugiyama, and N. A.
Pamphilis, J. Org. Chem., 35, 1255 (1970).

(9) A. C. Cope and R. B. Kinnel, J. Amer. Chem. Soc , 88, 752 (1966)

(10) A. C. Cope and D. M. Gale, ibid., 85, 3743 (1963).
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Chart I

xC0H

¢ yX " cooh

CHOr

3nnular hR/drrde jon transfer subsequent to the rate-
etermini
%rder 0 differentiate steric and electronic effects
in suc acase aoonvenrent method involves carryrn%
out parallel experiments on a phenyl compound and o
p-anisyl derivative. The stefic ef ects are essen-
|aIB/the same\‘orthese two, butthe&ar]us% compoun
IS able to suppy eectrons 04amu Og er degree |
required to 050 ¥ ?ectronr demandi %tran |t|or]
state.  One might therefore pre ict that sinCe a pheny
grorﬁ) has a roxr ateP/ the sme or somewhat
maller, bulk asa uty gr epending on how it
{nasured te ﬁ]hfny %Iooct# erivatives would
% 70 at rates i ose Of the corres ondrnr%]
tyl compounds If nerdh oring grou p%tr ipatlo
were unimportant In the transition” state e Cls
Isomer shq dbemuchfs%err it were Im orfant Tpe
cfs-5-p-anisyl compound s ert er so volyze at t
S Tl 3 N gyl erlVetive, WhLch would ndr-
Errrch WB [d rPda cate a[r irdeg ree gf artrc ation, or
somewhere In hetween, while the trans iIsomer should
rga]\)r/ecgsreate similar to fraras-phenylcyclooctyl tosylate in

Synthesis

During the early sta%es of this work, a paper by
Copedappeared, n°which the syntheses of the isomeric

5-phenylcyclooctyl tosr{lates were described. We pre-
pared & mixture of the wo |somers by substantially the
method descrrbe% b% Cope.  There“was no particular
need to separate the sowedetermrne the rates of the
fwo |som(irs directly from the mrxture Since the cis

Isomer solvolyzes over |ve Imes. as as the trans
five i tasthet

Isomer, this Was Tas to d oeF erimentally.  The anal-

ogous - anrs%cyc ooct vl tosy tes weret en i)re ared,

y the scheme” outl Inéd on Chart |, Anisylaldeh de

wasconverte to 3-anisylglutaric acid “a noven-

?el reactron with eth Ia etoacetate, %owe b gaﬂc
aisen reaction) whi |de

eavag_e[ areverse
acld. "The ac‘ as es erified ar\ red uce d

anisylpentane SdH ((! wrh |th|u[n hK/rrde
Chain extensron of this digl via the tosylate and

reatment with cyanide |eded 4anrs¥ lonitrile
V), WhMrw 5C0 vertedg)t e es erylyrﬁhrlcﬁ Was In

turn re uced 10 4-anisyl Rtane 7-diol (VII). " An-

otr er ch Trn eﬁten 10N via t e tosylate VIII gave 5-

anis az anitr . This com ound was Irzed

to 20 an05 nwcyc looctenylaming g

mea %o aTt rlee erc crzatron {tdro Sl%)%?)
arpoxylation furnis clooctanone

%e ket0¥re was reduced wrt Wthr m aluminum hy-

dride to give a mixture of the cis. ana fran.s-5-p-anisyl-
cyclooctanols (XI1). The tosylates X111" were pre-

(11) J. A. Hir8ch, Top. Stereochem., 1, 207 (1967).
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Table |

T he Product Analysis from the Solvolysis of Tosylates in 80% Ethanol

%----Rearranged products,

Compound solvolyzed

cis-5-ieri-Butylcyclooctyl
tosylate

;rans-5-ieri-Butylcyclo-
octyl tosylate”

5-Phenylcyclooctyl tosylate
(cis/trans ratio 1.32)

5-Anisylcyclooctyl tosylate
(cis/trans ratio 2.3)

m-3-Zeri-Butylcyclooctyl
tosylate

Cyclooctyl tosylate

Shown to contain 8 % of the cis isomer during solvolysis.

olefin

100

5-10
34

28
10

pared and solvolyzed in the usual_way; the solvolysis
roducts are given in Table I. For comparrson pur-
oses a num er of other cyclooctyl ates were

tos
58 volg F or had pr vrousIOy be%n 0lvo gged 8 ynder
entical conditjons 0% et ano
84), The reIatrve ra es of these compounds are sum-
marized in Table I
Tabie Il
Rates o+ Solvolysis ot Cyclooctyl Tosylates in
80% Ethanol-20% Water at 25° ana pH 84
Absolute rate,
Compound sec- | Rel rate
Cyclooctyl tosylate i,.26 X 10-4 39"
cis-5-ieri-Butylcyclooctyl tosylate 9.97 X 10-4 3126
;raras-5-ieri-Butylcyclooctyl tosylate 2,92 X 10-5 9.16
«s-5-Phenylcyclooctyl tosylate 7.06 X 10-5 22
irares-5-Phenylcyclooctyl tosylate 1.32 X 10-6 4.1
m-5-p-Anisylcyelooctyl tosylate 8.01 X 10'6 25
iraras-5-p-Anisylcyclooctyl tosylate 9.25 X 10-6 29
cis-3-ier¢-Butylcyclooctyl tosylate 5,.46 X 10 -4 17pP
2-Pentyl tosylate* 3=x °o- P

“A rate of 294 X 10-6 sec-1 has been found under similar
conditions: S. H. Liggero, J. J. Harper, P. v. R. Schleyer, A. P.
Krapeho, and D. E. Horn, J. Amer. Chem. Soc., 92, 3789 (1970).
6 Reference s.

Results and Discussion

The products of the soJvolysis of ¢js. and trans-5-
%ycloocty tos?é ate Frn formic acid) were stuglied
ear rhrI Coekatn innel.9. They ountd thatvarrous
alcohols “were ned as minor products: the cis. Iso-
mer ?ave most?}l/vﬂ'\ q?rn ohtamFe)db hdrrrfe %ra
tion from C-5 hethe trans rsomer ave mostly
rea rangeed oe(frn aria od us to Yvhat as found earlrei
with th Icyclooc tos% tes.6-8°0 In genera
ur re? IS seem to agree with Co es althoyah our
cohg olefin raHo was a little laq ?s wouldbe ex-
pectf fré)m the higher nucleophi tIy the.so ventwe
? . not se arate ou rsomerrc tosylates
or separate stud hut t ro ucts obta\me ar con
\s%en wrtn the crs ISsomer y| mostly rearranged
olefin and tetransrfomeryredrng ostly olefinwithout
rearrangemen (Tab

T ere lative soIvoIﬁ/]srs rates of the toa lates are more
informative e reac ion cts, Lo mg
now at TabIe we might first ¢ mpare the relatiy

tes of (raras5ferf huty[c gclooctyl (J X te (?13 with

F corres on Ing pheny! compoun rates

about a factor of 2, In |cat|ngt at the
sterrc eﬁects are similar and the electronic effect Is

[T g—
Alcohol

0

0

8

23

——-Unrearranged products, % -————»
Olefin Alcohol

Other
products, %

0 0 0
45-50 42 3
46 9 3
42 3 4

40% Cis-3-tert-
butylcyclooctanol
47

50%
ether
53

%Irgg le, or there< IS some forturtous caétcellatron of the
ects,  Looking at th ecorrespon ng CIS Isomers,
he b-teri-butyl cycIooctyI tosylate t]as 51 solvolysis rate
of 312, compared to a’Cis-b: rEJhenu cyclooct Itosm)e
rate of 22, Any participation by the phenyl wouy

ected dt accTIerate the rate, End sTJnce the {) rt/
rfoun soonesmores.owr “ actoro 4 r¥
acce eratronmus e pretty sma nd more than cou
ter alanced Iy a steric or rnductrve effecﬁ Loo
at the rates o the henylcyclooctyl tosylates,
the one would conclude t att ere IS no evrde ce for
ner hbormggrou articipation ythePh
e NOW 0 gre the Ramisylc clooc dvl tosxla es
wrt e corresponding p-p eny co poun ofice

t at for the trans isomers the ph érate41 ).IS gust
rghtrﬁ/ faster tha the anrsg g difference
all to beo much Im rta Loo rn at the
corresponding ¢ srso ers, te SX (rate 25) IS ust
sIrghtI@ faster t ant dp ( te 2 e thus
conclyde that there is no detectable nerr%;hborrngf r]oup
partrcrpatron in the transition state | ese
phenyl- or anrsyl substrtutedc cIooct tosy ates
It ‘migh ar ued. that [%er aps the rou
cannot achreveHo narity with the carbon um |on ein
engratte ' dride rrar ratronh and therefore Itt [
Unable to eomernvo ved in nei orrn artic|-
Rattrotﬂ In the transrtron statte hile §|908 bhp f atthis | |s
ot the case Is lacking, It seems improbahle
least a small effect Wguld not be ob erved If hy, %rrr?e
migration ﬁcon]certfd with the solvolysis.. For t not
to occur t eny wou %eto remain at ajmost
exactly 90° t plane_ of the carb onrum lon emg
generated by hydrrde migration. T IS seems high
bm roR % I%rge rate acce eratron 3 tr es
t about b the' cfs-b-feri-butyl grou there or
?ems best Inter ePreted as a steric effect, tha IS, are |ef
sramo some sort In th etransrtron state [t might
%te tattheasBrTrr utyl roug ?]0 rm% about
a su %antral rate acce er tr% hough not g
as In the s-were-hutyl case), but here partrcrpatron y
Hnge is.unlikely, as tn §)roduct obtained shows no
Srr emrgratroln(t;ronpltt Pohstr)tron ;
Ince we conclude that neighboring group participa
tion IS ne Irgrgle In the trans%on st%tg A Pnust
conclude that the cis- and (rans- c¥c ooctYI derrvat ves
do not othrouP a common Infermediate, since the
give different poducts “The IS 1somer is geometr-
ﬁally_ more Iavorablu isposed toward tr nsannular
ydride transter, and It undergoes such transfer in a fast
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step subsequent to the rate-determining step. The
corres ondln% trans_ 1somer does not uidergo. much
hydgl etrgns er, and ordinary elimination-subistitution
IS observed.

Experimental Section

3-p-Anisylglutaric Acid (1).—To a mixture of 119.9 g of anisal-
dehyde and 225 g of ethyl acetoacetate was added dropwise 20
ml of piperidine, with stirring. After standing overnight the
mixture had solidified. A solution of 200 g of sodium hydroxide
in 11. of absolute ethanol was added to the solid product. After
the solid had dissolved, the solution was heated under reflux
with stirring for 24 hr. The majority of the ethanol was then
evaporated, and 1 1. of ether was added to the cooled residue.
The precipitate was filtered, washed with ether, and dissolved
in 500 ml of water. Acidification with concentrated hydrochloric
acid yielded the crude product, 165 g, mp 160-162°. Recrystal-
lization from ethyl acetate gave crystals, mp 165-167° (lit..2
mp 165°).

Anal. calcd for CnHuCh: C, 60.50; H, 5.92.
60.71; H, 6.02.

Dimethyl 3-p-Anisylglutarate (I1).—A mixture of 165 g of
crude acid I, 500 ml of methanol, 11 of benzene, and 20 ml of
concentrated sulfuric acid was heated under reflux for 72 hr.
After the reaction mixture was cooled, 11 of water was added,
the organic layer was separated, and the aqueous layer was
extracted with benzene. The combined organic portions were
washed again with water and dried over magnesium sulfate.
The benzene was evaporated and the product was distilled, bp
164-165° (1 mm), yield 151 g, w* « 1.5073 [lit.12 205-210° (20

Found: C,

mm), mp 42°].

Anal. calcd for CuHisCh: C, 63.15; H, 6.81. Found: C,
63.41; H, 6.85.

3-p-Anisylpentane-l ,5-diol (I11).—To a stirred solution of 38 g
of lithium aluminum hydride in 1 1. of dry ether was added

dropwise 151 g of 11 in 450 ml of dry ether. The reaction mixture
was refluxed for 2 hr, cooled, and treated with 500 ml of saturated
aqueous ammonium chloride with stirring and cooling. The
precipitate was filtered and washed with ether. The ether layer
was separated and the aqueous layer was extracted with ether.
The combined ether solutions were dried over magnesium sulfate
and the solvent was evaporated. The residual solid was washed
with a small amount of benzene to give crystals, mp 69-70°,

yield 114 g. Recrystallization from benzene gave crystals, mp
70-71°.
Anal. calcd for CizHi®03 C, 68.55; H, 8.63. Found: C,

68.57; H, 8.90.

3- p-Anisylpentane-1,5-diol Bis(p-toluenesulfonate) (1V).—To
an ice-cooled solution of 2 g of 111 in 10 ml of dry pyridine was
added 2 g of p-toluenesulfonyl chloride in 5 ml of pyridine. The
reaction mixture was stirred in an ice bath for 2 hr. To the re-
action mixture was then added 30 ml of ice water and 30 ml of
ether. The ether layer was separated and washed with ice-cold
2 N hydrochloric acid, water, and saturated sodium bicarbonate
solution. After drying over magnesium sulfate, the ether was
removed, and the residue was recrystallized from methanol to
yield 2.3 g of product, mp 64.5-65°.

Anal. calcd for CsH%0,S2 C, 60.21; H, 5.83. Found: C,
60.46; H, 5.96.

4- p-Anisylpimelonitrile (V).—A mixture of 80 g of IV, 20 g of
potassium cyanide, and 200 ml of 95% ethanol was heated under
reflux with stirring for 16 hr. After most of the ethanol had been
removed by distillation, 200 ml of water was added to the mix-
ture, which was then extracted with ether. The ether layer was
washed with water and dried over magnesium sulfate, and the
ether was removed under reduced pressure. The oily residue was
recrystallized from ethanol twice to yield 30 g of crystals, mp
60.5-61°.

Anal. calcd for C,4H6ON2Z2 C, 73.66; H, 7.06; N, 12.27.
Found: C, 73.57; H, 7.21; N, 12.11.

Dimethyl 4-p-Anisylpimelate (V1).—A mixture of 30 g of V,
200 ml of methanol, and 10 ml of concentrated sulfuric acid was
heated under reflux for 7 days. After most of the methanol was
evaporated, the residual oil was poured into water and extracted
with ether. The ether layer was washed with water and saturated
sodium bicarbonate and dried over magnesium sulfate. After

(12) J. G. Jackson and J. Kenner, J. Chem. Soc., 1657 (1928).
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concentration, the residue was distilled, bp 163-164° (0.7 mm),
refd 1.5031, yield 34 g.

Anal. cCalcd for Ci6H205 C, 65.29; H, 7.53. Found: C,
65.31; H, 7.71.

4- p-Anisylheptane-1,7-diol (VI11).—A solution of 34 g of VI in
170 ml of dry tetrahydrofuran was added dropwise to a stirred
solution of 10 g of lithium aluminum hydride in 600 ml of dry
ether. The reaction mixture was heated under reflux for 3 hr,
cooled, and treated with 200 ml of saturated ammonium chloride
with cooling and stirring. The precipitate was filtered and washed
with ether. The organic layer wgS separated, and the aqueous
layer was extracted with ether. The combined ether extracts
were dried over magnesium sulfate and concentrated, yield 24.1
g, mp 41-42°. Recrystallization from ether in aDry Ice-acetone
bath gave mp 51-52°.

Anal. calcd for CuH203 C, 70.56; H, 9.30. Found: C,
70.81; H, 9.31.

5- p-Anisylazelanitrile (1X).—Toastirred solution of 1 g of VII

in 10 ml of dry pyridine, in an ice-salt bath, 1.8 g of toxyl chloride
was slowly added. The reaction mixture was stirred for 2 hr at
0° and treated with 20 ml of water. The aqueous solution was
extracted with ether. The ether layer was washed with ice-cold
2N hydrochloric acid, water, and saturated sodium bicarbonate
and was dried over magnesium sulfate. After concentration, 2
g of the oily ditosylate VIII, which failed to crystallize, was
obtained. A solution of 2 g of the tosylate and 4 g of potassium
cyanide in 40 ml of 95% ethanol was refluxed with stirring for
17 hr. The reaction mixture was treated with 200 ml of water
and extracted with ether. The ether layer was washed with water
and dried over magnesium sulfate. After concentration, 0.9 g
of crude crystal was obtained, mp 53-60°. Recrystallization
several times from methanol gave crystals, mp 78-79°.

Anal. calcd for CisH2,0ON2 C, 74.97; H, 7.86; N. 10.93.
Found: C, 74.73; H, 8.02; N, 11.14.

2-Cyano-5-p-anisylcyclooctenylamine (X).—To a well-stirred,
boiling solution of sodium methylanilide, which was prepared
from 12 g of sodium, 40.4 g of naphthalene, and 70 g of A™-methyl-
aniline in 800 ml of ether, a solution of 10.6 g of IX in 1.9 1 of
dry ether was added dropwise through the high-dilution appara-
tus:3 over a period of 3 days. The reaction mixture was heated
under reflux for 3 hr, cooled, and treated with 500 ml of water
with stirring and cooling. The ether layer was separated and the
aqueous layer was extracted with ether. After evaporation of
solvent from the combined ether layers, the residue was steam
distilled to remove methylaniline and dihydronaphthalene. The
material remaining was extracted with chloroform, and the chloro-
form solution was dried over magnesium sulfate. Evaporation of
the solvent gave a residue, mp 85-90°. Recrystallization from
methanol gave 7.2 g of crystals, mp 136-137°.

Anal. cCalcd for C,6H00N2 C, 74.97; H, 7.86; N, 10.93.
Found: C, 74.85; H, 8.01; N, 10.79.

5-p-Anisylcyclooctanone (X1).—The ketone was prepared by
heating under reflux 4.8 g of X in 200 ml of 30% (volume)
sulfuric acid for 17 hr with stirring. After cooling, the reaction
mixture was extracted with chloroform, and the chloroform layer
was washed with water. After drying over magnesium sulfate,
the solution was evaporated to yield the crude ketone. Careful
sublimation of this residue at 60° and 0.02 mm yielded white
crystals, mp 35°, yield 2 g.

Anal. caled for CsH20: C, 77.55; H, 8 .65.
77.44; H, 8.62.

5-p-Anisylcyclooctanol (X11).—To a slurry of 80 mg of lithium
aluminum hydride in 25 ml of dry ether was added 275 mg of Xl
dissolved in a minimum amount of dry ether, at 0-10°. The
reaction was allowed to warm and was stirred at 25° for 24 hr.
The reaction was again cooled in an ice bath, and saturated
aqueous ammonium chloride solution was carefully added until
gas evolution ceased. The reaction was stirred for an additional
half-hour, and 5 ml more of the ammonium chloride solution was
added. The solid was filtered and washed with ether. The wash-
ings were combined and dried over magnesium sulfate, and the
solvent was evaporated under reduced pressure. Sublimation
at 70-90° and 0.02 mm yielded crystals, mp 50-59°.

Anal. caled for CsH20: C, 76.88; H, 9.47.
76.76; H, 9.21.

5-p-Anisylcyclooctyl p-Toluenesulfonate (XI11).—To a solution
of 240 mg of X111 in 5 ml of pyridine, cooled in Dry Ice-acetone
so that the solution was slushy, was added with stirring 330 mg

Found: C,

Found: C,

(13) D.J. Cram and M. F. Antar, J. Amer. Chem. Soc., 80, 3103 (1958).
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of p-toluenesulfonyl chloride in 5 ml of pyridine. The reagent
was added as fast as consistent with maintaining the reaction
temperature. The resulting solution was then stored at —20°
for 2 days. The flask was removed from the freezer, five drops
of water were added to the reaction, and the solution was allowed
to warm to 0°. The reaction was then poured into 30 ml of
ice-cold 5% hydrochloric acid, and the solution was extracted
with 30 ml of ether. The ether solution was washed with cold 5%
acid and with sodium bicarbonate and was dried over magnesium
sulfate. The solution was evaporated to dryness under reduced
pressure, and the residue was recrystallized from ether-pentane
at —20° to yield crystals, mp 77.5-82°. Kinetic runs were
made on this product and showed different batches to be a mix-
ture of epimers of variable composition.

5-Phenylcyclooctyl p-Toluenesulfonate.—This compound was
prepared following the procedure used for X111 and gave crystals,
from ether-pentane (—20°), mp 68-70° [lite 69.5-70.5 (cis
isomer) and 70-71.5° (trans isomer)]. Kinetic runs were made
on the mixture of epimers, and these runs showed the composition
to be 1.3 parts cis epimer to one part trans.

1-Phenylcyclooctene (XV).—The preparation of this compound
was accomplished by the dehydration of X1V in ether solution
with iodine. This product was shown to be the olefin by thin
layer chromatography, gas chromatography, and tetranitro-
methane tests.

1 -p-Anisylcyclooctanol.—The method of preparation of this

compound was identical with that described for the preparation
of X1V, and the preparation of 1-p-anisylcyclooctene was simi-
larly analogous to the preparation of XV. Both compounds were
used as ether solutions for the product analysis. Thin layer
chromatography and gas chromatography were consistent with
the above structures.

Kinetic Experiments.—The rates of solvolysis were measured
on a Sargeant recording pH-Stat, as discussed earlier.s

Preparation of Solvents and Reagents.—The aqueous ethanol
used in the Kkinetic runs was prepared all at once, and the same
solvent was used for the base titrant and the solutions of tosylate.
It was stored under dry nitrogen when not being used. Prepara-
tion consisted of dilution of commercial 95% ethanol with enough
distilled water to make the solvent 80% ethanol by volume.
Physical constants of the solution were as follows: N2 1.3624,
density 0.84985 g/ml at 25°. The basic titrant was prepared by
dissolving reagent potassium hydroxide (0.65 g) in 500 ml of the
above solvent. Titration against standard hydrochloric acid
showed it to be 0.0182 N. An indicator consisting of 12 parts
of cresol red to 36 parts of thymol blue was used in this titration,
and also was used in the Kinetic runs as a visual check of pH
constancy.

Treatment of Kinetic Data.—The data obtained from the
machine consisted of a graph of the milliliters of titrant used
VS. time and was more or less smooth, depending on the rate of
stirring, speed of reaction, etc. These graphs were smoothed
out by means of a French curve, and then the points on the graph
put in tabular form for each run. At least 10 points were taken,
and in some cases as many as 75 were used. The factors that
introduced the largest uncertainty in the treatment of these data
were, first, that the infinity titer was uncertain in some cases,
owing to errors inherent in the machine, and also because the
weight of tosylate was known only to an accuracy of +0.05 mg;
second, when mixtures of two epimers were solvolyzed, the rate
of solvolysis of the faster epimer may be determined accurately
only if the rate of the slower one is known accurately.

For pure isomers then, when the infinity titer could be de-
termined accurately, the rate was determined by plotting the
logarithm of the concentration VS. time in seconds. When the
infinity titer was not known, either the method developed by
Guggenheimu was used, or the infinity titer was varied until the
plot of log [ROTs] VS. time gave the straightest line, which
corresponds to the correct infinity titer, within experimental
error. The above methods, when they could be used on the
same run, gave consistent results.

In the case of mixtures of epimers, one of the above-mentioned
methods gave the absolute rate of the slower isomer. The abso-
lute rate of the faster isomer was determined by extrapolating
the concentration of the slower isomer back to zero time, and
then subtracting the concentrations of the slower isomer away
from the total concentrations of the isomers, thus obtaining the

(14) E. A. Guggenheim, Phil. Mag.. 2, 538 (1926)

Altlinger, Neumann,and Sugiyama

concentration of the faster, and, hence, the rate of disappearance
of the faster isomer, uncontaminated with the slower. As a
further check on this method of obtaining the rates of a mixture,
synthetic mixtures of CIS- and fr<ms-5-ferf-butylcyclooctyl p-
toluenesulfonate of known composition were made and the
individual rates determined from the mixture. These rates
compared very favorably with those obtained on the pure
epimers.

It should be noted that, since concentration does not enter into
the rate equation for first-order kinetics, any convenient con-
centration units may be used. Here, 1 mm of chart paper is
proportional to 1 mmol of alkyl toluenesulfonate remaining, and
this is the most convenient measure of concentration. A sample
run is reported in Table I11.

Tavie I

Solvolysis of CIS- and iraras-5-PHENYLCYCLOOCTYL
P-Toluenesulfonates in 80% Ethanol at 25 10.05" "

[ROTs], [ROTs],

Time, mm of Log Time, mm of Log
hr chart [ROTs] hr chart [ROTs]
0 207.8 1.3177 21 34.4 0.537
1 178.2 1.251 22 32.9 0.517
2 153.4 1.186 23 30.4 0.483
3 134.3 1.128 24 29.9 0.476
4 119.0 1.076 25 28.4 0.453
5 106.0 1.025 26 27.2 0.435
6 94.5 0.975 27 26.3 0.420
7 84.6 0.927 28 25.4 0.405
8 77.1 0.887 29 24.1 0.382
9 70.7 0.849 30 23.3 0.367
10 65.5 0.816 31 22.3 0.348
11 61.0 0.785 32 2C.5 0.312
12 56.8 0.754 33 16.7 0.295
13 53.8 0.731 34 18.8 0.274
14 49.6 0.696 35 18.4 0.265
15 46.7 0.669 36 17.6 0.246
16 44.1 0.644 37 16.9 0.228
17 40.9 0.612 38 16.5 0.218
18 39.9 0.601 39 15.7 0.196
19 37.8 0.578 40 15.1 0.179
20 36.0 0.556 41 145 0.161

keis = 7.07 X 10-6 sec-1; ktrans = 1.24 X 10-5 sec-1
Ratio of cis/trans = 1.34

“Run no. 3: 13.50 mg of p-toluenesulfonate in 15 ml of 80%
ethanol maintained at pH 8.4 + 0.4.

Product Analysis.—Product analyses of the tosylate solvolyses
were done by gas chromatography, and the results were checked
by thin layer chromatography. The actual solvolysis runs were
used for the analysis, rather than separate runs. This eliminated
any uncertainty due to variable composition of epimers in the
mixtures, which appears to occur with the p-ar.isyl derivative.
A typical work-up of a solvolysis for analysis follows.

The reaction vessel was removed from the titrator, excess base
was added to the solution, and the solution was transferred to a
stoppered flask and stored at 25° until work-up was convenient.
(In the case of the slower reactions, the reaction was left for
several more half-lives to ensure complete reaction.) The re-
action mixture was then diluted with 50 ml of pentane and ex-
tracted twice with 50 ml of distilled water. The water extracts
were washed with pentane, and the organic fractions were com-
bined and dried over magnesium sulfate. The pentane was then
distilled carefully, using a 12-in. column packed with stainless
steel gauze, and equipped with a head in which the reflux ratio
could be varied. Distillation was continued until only 0.5-1 ml
of liquid remained in the pot. This solution was stored in the
freezer until needed.

The actual analyses were done on an aluminum column, 4 m X
0.25 in., packed with 10% SE-60 on 40-60 mesh Chromosorb B.
One other column was used for the separation of the olefins ob-
tained from the 5-ierf-butylcyclooctyl tosylate solvolysis. It was
a 20-ft dual column, the first half packed with XE-60 on 60-80
mesh firebrick, and the second half packed with tricresyl phos-
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phates on 60-SO mesh firebrick. This column separated the 28252- 9]_7 X 28252 02-8: X| 28252 93-9: CIS x ||

olefins but \{vmélc_i n_lgtbaltllolw elution of the alcohols. The resuts 2825 9 0 franS' 2 86 2 C|S ”
are summarized in Table 05-T: ¢ raws-X 282529 2: Czs-5-phenylc clooctl
Registry N 0 .- 111, 28250-86-0: 1V, 28252-87-1; V, toluenesuhfinate 7286-93-3; |ransgphgny¥cyclogctyl

28050-88-2; VI, 28250-89-3; V/II, 28252-90-6; 'IX,  p-toluenesulfonate, 7368-50-5.

Base-Induced Rearrangement of Epoxides to Allylic Alcohols. 1l1I.
Alkylidenecycloalkane Oxidesl

Randolph P Thummel and Bruce Rickborn*
Department of Chemistry, University of California, Santa Barbara, California 93106
Received June 26, 1970

The lithium diethylamide induced rearrangement of a series of propylidenecycloalkane oxides to allylic alco-
hols exhibits marked regioselectivity, with endocyclic olefin product being formed preferentially. An exception
is propylidenecyclohexane oxide which gives 95% of the alternate, tertiary allylic alcohol. A series of ethyl-
idenecycloalkane oxides, where preference for endocyclic elimination competes with proton abstraction from pri-
mary carbon, was also examined. The results of both series support a syn elimination mechanism, with very
specific cis-coplanar transition state geometrical requirements.

CoEe and Tlffan32were agfarentldv the first workers  course of the reactlon was foIIowed by vpc, and the mix-
to ob erve an unustal base-Catalyzed rearrangement of  ture uenched wn water w ent% goxme Was con-
an epoxide when eal with ¢ clooctatetraene 0XIde sume The results are shown in Table'l.

Supsequent work Wlt hen substltuted ethylene

oxides,3 medium- nnq cyC oa kene oxides,4 and Open- Taore

chain epomdesSestab istied several novel reaction [r)]ath ,
ways on_treatment with strong base. The extensive - , o
Work fCr:ilghtaand his coworkersoamplified these and Sy e

brought to ditional reactions.

This nger deals with qur continuing17 study of the 1 hri 2 :
lithium " dlethylamige induced rearra gement’ of ep- a 4 6 7 15K
oxides to allylic alcohols. Formally an eI|m|nat|on b 5 1 100 0
this reaction |s remarkaple for its v r hlqh se ectlvn c 6 49¢ 5 %

stereosel ec%vny exclu3| ofmation ? frans d 7 5 98 2
olefin open-c aln S stems and regloselectivity8 : - - on °

exclusive, or nearly so, a stractlon of proton from ) _ ooes _
east_subsfitute ayrbonf? Recently dhiterium B for offctive complots o6 of Startine cooxide. s The orodust

b9|lng StUd|eS].have eStab“Shed that Syn ellmlnatlon 1S mixture in this case contained 5% cyclobutyl ethj-1 ketone and
the referred pathway In CyC|0heX9ne oxide rearrange- 3% unidentified material. cAt this time 9% unreacted epoxide

remained. 0 Not directly determined; see Experimental Section.
The factors which influence the reqloselectlvny of the

base-induced reaction are incompletely undérstood. In this series, proton abstractlon from secondary
We hgve undertaken a systematic ;]ud?/ of sub%nuted C cn: carbon com etes with rom a secondar
epoxXi ?s to examlne this"question; the results o 6h c CIC center data in a e. 1 show not onl
with alkylidenecycloalkane oxides are presented here. h se ectlvny endlng on nng size, ut a strikin
reversa in the d| ectlon of e|m|n?t|on In the Series
Results and Discussion Y opentyl (endocyclic) cyclohexy (acyclic), and cy-
Ase[)les ofrnrop I|dene8 cloalkane 0XIdS 12 \n‘ai1 e"  clohep tg endocy %“C 0|9[)f] re e”en)l

pared t(f roce re an treate h it It |s Iﬁ)arent ;] conformational effects can

dlethylaml e in refluxmg ether-hexane (eq 1 significantly diminisn the actlvatlon ner }/0

In Elon |nto the cilrbocyc IC nng[1
: cyclohexane oxide ¢ serv : a
HNGFS) Xactlon 10 f rm the acyc

favored in I re Ujres nexcesso

igene-

asis or fanson

(OhVyC— chchachs febond as tronpe[y
rcomP e

: conversian, ther sg/st(e F shown in Table |
OH OH more rapialy, from a great deal faster in the completey
r~oN\ C/
CH=C— CHCHXH, + (CHjIn-, (1) (4) (a) A. C.Cope, H. Lee, and H. E. Petree, ibid., 80, 2849 (1958); (b)
_ R A. C. Cope, M. Brown, and H. Lee, ibid., 80, 2855 (1958); (c) A. C. Cope,
\Chal— CH_CHCRJ G. A. Berchtold, P. E. Peterson, and S. H. Sharman, ibid., 82, 6370 (1960).
3 (5) A.C. Cope and J. K. Heeren, ibid., 87, 3125 (1965).
(6) (a) J. K. Crandall, J. Org. Chem., 29, 2830 (1964); (b) J. K. Crandall
(1) Part 11: R. P. Thummeland B. Rickborn, J. Amer. Chem. Soc., 92, nd L. Chang, ibid., 32, 435 (1967); (c) ibid., 32, 532 (1967); (d) J. K.
2064 (1970). Crandall and L. C. Lin, J. Amer. Chem. Soc., 89, 4526, 4527 (1967); (e) J.
(2) A.C. Cope and B. D. Tiffany, ibid., 73, 4158 (1951). Org. Chem., 33, 2375 (1968).
(3) A. C. Cope, P. A. Trumbull, and E. R. Trumbull, ibid., 80, 2844 (7) B. Rickborn and R. P. Thummel, ibid., 34, 3583 (1969).

(1958). (8) The terminology suggested by A. Hassner, ibid., 33, 2685 (1968).
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ster, somewhat regroselectrve reaction of

he limit a Iar?e ring should exhibit open-chain

behavror and the cyclodo e%ls ystem If ap Pears from

Poth a rate and p ro%uct é ough Incompletely ana-
yzed) standgornt to be progress| o in this drrec 1on.

The cyclobutyl system la’ls of interest in that it leas

primarily to the'strained cyclobutene deuct 2a (eq2)

la 2a

The data in Table | are best interpreted in terms of a
syn elimination mechanrsm as earlier demonstrated in
C cIohex ne oxjdes.1 (f g and hrs coworkers9 have

esente convrncrn eviden eoft e rm ortance of crs

enng ecrldlfg egrosPecrfrc reactions of Ib and le to the

co anarrt of h yr en and eav ng o0
ermr ation “mechanism, Atou oiher tknow
sy aliminations. do. not necessarily serve as goo
Cls

odels for the epoxide reactron transition stat
co anarrty IS a{)E a omrnant feature of the
atter as well. Thus a crs %o planar arra{r ement of s
rogen and e en In the cyclopentyl compoun
Igrs egasr attarR dy%vh]ereas tran% coB an>a/rrrt |aneedeg
for antl %rmr atron won Involve excessrve strain.
The Tact that 20 1sthe exclusive product of this reactiop

strongly supports the syn elimination mechanism, al-
thoughthe de%ree of Pref?re ge for endocyclic elimina-

arent

tron IS not so easily ratlonalize

Compound ¢ offers a convincing demonstration of
the im ortance of cornlanarrtly in the base-jnduced rear-
rangement. _In neither chair conformer (as seen from
Newman prorectron 4 of Ie IS CIs (or trans) coplanarrtjy
of egox?/ gen with a 3/ rogen on the rrng attaine
Cis coplanarity 1s attaindble With the acyclic Zproton;

ahs a conseguence Irmrnatlron is nearly exclusivel dy

this drfectr 5%). In a Slow reaction as exoecte
normal secongary proton ati(stractron PO duct, In
thetransofe n5  The

ar%reementwrt ear |ervY
amonnt of endocycli
reaction 0 cma a
where cis coplanarity easr

It 15 p (artr ”nteJestrng that the next higher ring

ularl
ct;cem rg ﬁctkepﬁy pargngl%t Qearc o%%t?jl\rlrniresnsuo

c ote?rn which s ormed in tn
a twist boat conformer,

frcr nt flexible. that a conformatl h le cIs
cog anar transition state IS a owe rs be avror IS
even more pronounce with oct loxirane e,

which In a urte rapl reactron lds_the en ccrc
oletrn with f(hm ﬁtepre |ospecrf|cty T[h r uct 2e
grvesasrngepa on pc and its nmrspe trum sup-
ports é n\c cIooctenesructure6 the formation of
crs endocyclic olefin 15 of course mechanisticall lyanalo
gous to the generatron of trans acyclrc materia

(9) C. H. DePuy, G. F. Mo
Chem. Soc.. 87, 2421 (1965)

ris, J. S. Smith,

nd R. J. Smat, J. Amer.

In vrew of the decrded competitive advantage en-
d g/ c?/ |c secondary proton abstraction over Its
? %u valent, rtvas ofrnterest to explore the com-
pe ition Detween csecon ar an acyclic primar
apstraction. ~ It sfiould be recafled that, in an open-
chain model, 2 pentene oxrde no base attack at the
secondary profon could be detected.7 The systems
studied dre indicated In the generalrzed eq 3, and the
results are given in Table 1

["A A

(CH),,., c—chch3

OoH OH
CH=C—CHCH3 + (CH2,.j C—CH=CH2 (@3)

\ch2L
9
8

Table 11
The Lithium Diethylamide Induced Rearrangement
op Ethylidenecycloalkane Oxides (7)

Time,

7 n hr 8 9
5 1.5 70 30
b 6 2 0 100
7 2.5 38 62
d 8 2 66 34

Several points are worth noting. Although the cy-
CPent system 7a no on%ergrves regrospec ITic results
ocy lic oIefrn formation 15 still oefehred OVer pri-
ayproton a stractron In contrast to_the_open-c arn
odel. The ethy |denecYcIooctane oxide 7d. gives re-
suIts which are ourte analogous to those obtained with
Ta. This behavior is anticipated from the results for Ih
and Ie In Table |. Srmrlarw W eret ep r01p lidene-
c co eptane oxide 1d gave ncomﬁ lete specificity, the
}/rdene analog 7c reverts to slight ref ren% [onrr-
y roton a stract(Jon pecte h/\ -
cyclohexane oxr e ylelds only 1 vrny cyc hexa 0
us the results with the two sets” of epoxides, et -
!:%enns?st%rn? propylidenecycloalkane oxrdes are mutually
We had earIrer observed that a system contarnrn%
tertiar %)ns i methyIShrixen
oxre (10), gave no o servahereactron whien refluxed

[

chXh—ch—ch—chch3 no reaction 4)

CH; CH,
10

for 2 da swrth lithium dreth%lamr €. Comoound il
Was ﬁre ared In order 0 examine the competition be
twee secondar clyco exyl and tertrary roton ab-
ahstractron The eaftron was extrem d]er
the conditions normally employed, on 24h
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ei)oxide had rearranged after 72 hr, giving 12 as the ex-
clusive product. Again this behavior Ts anticipated

bas%? on the inert nature of 10 an? the formation of a
small amount of 2¢ In the reaction of |c.

The results pre enteg here rowge another exa ﬁ]le
of the unusual and synthetically usetul selectivity of the
base-induced rearrangement of epoxides. We dre con-
Hgng to explore other features of this interesting reac-

Experimental SectionD

Olefins.—The method of Schlosser and Christmaim, 11 involving
the appropriate alkyltriphenylphosphonium bromide, was used
to prepare olefins. The cyclic ketones used in this ylide reaction
were all, with the exception of cyclobutanone, distilled com-
mercial materials. Cyclobutanone was prepared using a litera-
ture method.12  The product olefins had the following characteris-
tics.

Propylidenecyclobutane (56%):13 bp 96-104° (83% pure);
nmr 8 5.15 (nonet, 1, J = 2.5 Hz, C=CH), 2.7 (t, 4,) = 75
Hz, CH2H2C=CH), 2.3-1.5 (m, 4), and 0.95 ppm (t, 3); ir
1460,1300, and 850 cm-1.

Propylidenecyclopentanel (44%): bp 56-58° (43 mm); nmr
8 5.08 (nonet, 1,7 = 2.3 Hz, C=CH), 2.2-1.1 (m, 10), and
0.7 ppm (t, 3); ir 1460, 900, and 850 cm-1.

Propylidenecyclohexanel (77%): bp 69-70.5° (70 mm); nmr
8 49 (t, 1, 7 = 7 Hz, C=CH), 2.2-16 (m, s), 1.6-1.0
(m, &), and 0.7 ppm (t, 3); ir 1450, 983, 890, 841, 742, and
695 cm-1.

Propylidenecycloheptane (78%): bp 90° (45 mm); nmr 5.0
(t, 1,7 = 7Hz, C=CH), 2.5-1.1 (m, 14), and 0.9 ppm (t, 3);
ir 2960 and 1460 cm-1.

Propylidenecyclooctane (75%): bp 93-97° (30 mm); nmr 8
523 (t, 1,7 = 7Hz, C=CH), 2.5-1.8 (m, 6), 1.55 (broad sin-
glet, 10), and 0.95 ppm (t, 3); ir 2920 and 1460 cm*“1

Propylidenecyclododecane (83%); bp 144-150° (20 mm);
nmr a5.08 (t, 1,7 = 7Hz, C=CH), 2.0 (m, 6), 1.3 (s, 18) and
0.92 ppm (t, 3); ir 1475, 1450, 880, and 725 cm-1.

Ethylidenecyclopentane® (24%); bp 52-58° (80 mm); nmr
8 5.1 (m, 1), 21 (m, 4), and 1.6 ppm (m, 7); ir 3050, 945, and
805 cm-1.

Ethylidenecyclohexane was a commercial sample purchased
from the Aldrich Chemical Co.

Ethylidenecycloheptanel7 (62%); bp 71-74° (53 mm); nmr
8 5.3 (quartet, 1, 7 = 7 Hz, C=CH), 2.25 (broad singlet, 4),
and 1.8-1.4 ppm (m, 11); ir2915, 1450, and 807 cm-1.

Ethylidenecyclooctane (24%); bp 70-72° (50 mm) (81%
pure by vpc); nmr a5.12 (quartet, 1,7 = 7 Hz, C=CH) and
2.4-1.1 ppm (broad multiplet, 17); ir 2920 and 1450 cm-1.

Isobutylidenecyclohexane (9%): bp 88-92° (108 mm) (45%
pure by vpc, contaminated with cyclohexanone); nmr a 5.0
(d, 1,7 = 9Hz,C=CH) and 0.9 ppm (d, 6).

Epoxides.—The epoxides were prepared from the olefins using
peracetic acidig and had the following characteristics.

Propylidenecyclobutane oxide (82%); bp 75-77° (108 mm);
nmr 8 2.8-0.8 ppm (multiplet); ir 1340, 1120, 920, and 830 cm-1.

(10) Nmr spectra were obtained in carbon tetracldoride solution using
either a Varian A-60 or a Jeoleo C-60H spectrometer. Infrared spectra were
obtained on neat thin films using a Perkin-Elmer 337 grating spectrometer.

(11) Al. Schlosser and X. F. Christmann, Angeic. Chem., 76, 683 (1964).

(12) J. M. Conia and P. Leriverend, C. R. Acad. Sci., 250, 1078 (1960).

(13) The per cent yield is given in parentheses after the compound name
throughout the Experimental Section.

(14) A. F. Plate and A A. Aleinikov, Zh. Obshch. Khim.. 29, 1064 (1959).

(15) D. seyferth, \V. E. Hughes, and J. K. Heeren, J. Amer. Chem. Soc.,
87, 2847 (1965).

(16) R. Il. Turner and R. H. Garner, ibid., 80, 1424 (1958).

(17) A. Alaccioni and Al. Secci, Ann. Chim. (Rome), 54, 226 (1964).

(18) Al. Korach, D. R. Nielsen, and W. H. Rideout, J. Amer. Chem. Soc.,
82, 4328 (1960).
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Anal.* calcd for ChHnO: C, 74.95, H,
C, 74.73; H, 10.97.

Propylidenecyclopentane oxide (82%); bp 75-76° (39 mm);
nmre27 (t, 1,7 = 6 Hz, -O-CHX), 2.1-1.1 (m, 10), and 0.91
ppm (t, 3); ir 930 and 880 cm-1. Anal. Calcd for CJIRO:
C, 76.14; H, 11.18. Found: C, 76.32; H, 11.26.

Propylidenecyclohexane oxide (61%); bp 76° (20 mm);
nmr 8 2.36 (t, 1,7 = 6 Hz, -O-CH2), 2.1-1.1 (m, 12), and 0.88

10.78. Found:

ppm (t, 3); ir 1040, 990, and 910 cm-1. Anal. Calcd for
C,H10: C,77.09; H, 11.50. Found: C, 77.09; H, 11.83.
Propylidenecycloheptane oxide (70%): bp 98° (30 mm);

nmrs 248 (t, 1,7 = 6 Hz, -O-CHZ), 1.9-1.2 (m, 14), and 1.0
ppm (t, 3); ir 1460 and 910 cm-1. Anal. cCalcd for CnHigO:
C, 77.87; H, 11.76. Found: C, 77.81; H, 11.89.

Propylidenecyclooctane oxide (70%): bp 110-112° (25 mm);
nmr 8 257 (t, 1,7 = 6 Hz, -O-CH2Z), 1.6 (s) overlapping 1.5
(quartet, 16), and 1.03 ppm (t, 3); ir 955, 935, and 910 cm-1.
Anal. caled for CnH20: C, 7851; H, 11.98. Found:
C, 78.24; H, 12.13.

Propylidenecyclododecane oxide (86%): bp 123-126° (3
mm); nmrg 236 (t, 1,7 = 6 Hz, -O-CH2), 1.3 (broad singlet,
24), and 0.9 ppm (t, 3); ir 1255, 948, 885, and 723 cm-1. Anal.
Calcd for CisHmO: C, 80.29; H, 12.58. Found: C, 80.22;
H, 12.79.

Ethylidenecyclopentane oxide (73%): bp 133-136°; nmr s
3.25 (quartet, 1,7 = 6 Hz, -O-CHX), 2.3-1.5 (m, 8), and 1.4
ppm (d, 3, 7 = 6 Hz, CH-CHJ); ir 1165, 1030, 1000, 930, 950,
930, and 865 cm-1. Anal. Calcd for C7Hi20: C, 74.95; H,
10.78. Found: C, 74.71; H, 10.94.

Ethylidenecyclohexane oxide2l (64%): bp 158-160°, nmr 8
2.7 (quartet, 1), 2.55 (broad singlet, 10), and 1.25 ppm (d, 3);
ir 1030, 897, and 849 cm-1.

Ethylidenecycloheptane oxide2 (83%): bp 80-82° (30 mm);
nmr g8 2.7 (quartet, 1, 7 = 6 Hz,-O-CH2), 1.65 (broad singlet,
12), and 1.23 ppm (d, 3, 7 = 6 Hz, CH-CHJ); ir 1020 and 870
cm-1.

Ethylidenecyclooctane oxide (75%); bp 87-91° (21 mm);
nmr 8 268 (quartet, 1,7 = 55 Hz, -O-CHQ), 154 (s, 14),
and 1.2 ppm (d, 3, 7 = 5.5 Hz, CH-CH3); ir 1150 and 1100
cm-1. Anal. Calcd for CioHisO: C, 77.87; H, 11.76. Found:
C, 77.62; H, 11.35.

Isobutylidenecyclohexane oxide (63%): preparative vpc,
collected on a Carbowax 6000 column at 125°; nmr 8 2.15 (d, 1,
7 = 85 Hz, -O-CHX), 1.5 (broad singlet, 11), and 0.95 ppm
(two overlapping doublets, 6, 7 = 5.5 Hz, CH-CH3J3); ir 1010
and 917 cm-1. Anal. Caled for CioH®O: C, 77.37; H,
11.76. Found: C, 78.33; H, 11.76.

Epoxide Rearrangements.—All reactions were run in refluxing
ether solvent using 0.01 mol of epoxide; 0.025 mol of lithium
diethylamide, prepared from the amine and commercial butyl-
lithium in hexane, was used.

Aliguots were withdrawn, quenched with wmter, and examined
by vpc to follow the course of the reaction. Carbowax 6 M and
20M columns were employed for vpc analysis. Rearrangement
product yields were obtained from vpc peak areas (uncorrected).

After quenching with water and evaporation of solvent, the
products from the rearrangement reaction were isolated by pre-
parative vpc and analyzed by nmr and ir. In cases where
positive identification was not possible by spectral means, the
product was eatalytieally reduced and then compared by gas
chromatography to the saturated alcohols prepared by lithium
aluminum hydride reduction of the epoxide or appropriate
ketone.

The major products from propylidenecyclobutane oxide (66%)
were eatalytieally reduced to give a mixture of 15% 1-propyl-
cyclobutanol (ir 3350, 1270, 1175, 1038, and 963 cm-1, identical
with sole product from LiA111, reduction of the epoxide), 72%
1-cyclobutvlpropanol [nmr g8 3.1 (m, 2), 1.8 (m, 7), 1.25 (m, 2),
and 0.9 ppm (t, 3); ir 3350, 1108, 1040, and 973 cm“1, and 9%,

(19) Analyses were carried out by C. F. Geiger, 312 E. \ ale St.. Ontario,
Cauf.
(20) -O-CH is from the grouping
-C weeC H -
(21) R. Jacquier, M. Mousseron, and R. Zagdourn, Bull. Soc. Chim. Fr.,

1042 (1959).
(22) A. Endo, M. Saito, M. Takahashi, K.

Nippon Kagaku Zasshi, 86, 1304 (1965).

Nagata, and Y. Fushizaki,
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cyclobutyl ethyl ketone (ir 1710, 1247, 1132, and 970 cm-1,
identical with product from Jones oxidation of 1-cyclobutyl-
propanol).

Propylidenecyclopentane oxide gave a single product in 84%
yield: nmr 554 (s, 1), 4.0 (t, 1,J = 6 Hz, CH-OH), 2.9 (d,
1,J = 3 Hz, OH, shifts with formic acid), 2.5-1.2 (m, 8), and
0.85 ppm (t, 3, = 6.5 Hz, CH3); ir3320, 1090, and 900 cm-".

Propylidenecyclohexane oxide after 49 hr gave 9% unreacted
epoxide and a 69% yield of two products. 3c (95%): nmr b
5.35 fm, 2), 2.3 (s,
J = 5 Hz, CHj), and 1.55 ppm (broad singlet, 10); ir 3370 and
970 cm-1. 2c (5%): nmr 5547 (t, 1, ] = 2.5 Hz, C=CH),

3.7 (t, 1,7 = 6.5 Hz, CH-OH), 25 (s, 1, OH), 2.2-1.2 (m, 10),

and 0.8 ppm (t, 3, J
917 cm-1.
Propylidenecycloheptane oxide was consumed within 5 hr,
giving 76% of two volatile products. 2d (98%): nmr b 6.2
'(t, 1,./ = 7Hz, C=CH), 4.1 (t, 1,7 = 7 Hz, CH-OH), 2.7-1.3
(m, 13), and 0.9 ppm (t, 3,7 = 8 Hz, CHJ3); ir 3320, 1020, and
850 cm-1. The minor product, 3d (2%), was identified by
catalytic reduction to 1-propylcycloheptanol which was the
major product from LiAIM, reduction of the epoxide.
Propylidenecyclooctane oxide after 2 hr gave 74% of a single
product, 2e: nmr 5575 (t, 1, 7 = 8 Hz, C=CH), 4.0 (t, 1,
7 = 7 Hz, CH-OH), 2.2 (m, 4), 1.6 (broad singlet, 9), and 0.9
ppm (t, 3, 7 = 8 Hz, CH?J); ir 3350, 1100, and 850 cm-1.
Propylidenecyclododecane oxide was completely rearranged in
22 hr, yielding 66 % of a product mixture. The major component
(84%) was shown to be 2f: nmr56.0 (t, 1,7 = 85Hz, C=CH),
4.9 (t,
and 1.0 ppm (t, 3, 7 = SHz, CH3); ir 3370, 1090, 1010, and 970
cm-1. Two lesser components, 12 and 4%, were not elucidated.
Ethylidenecyclopentane oxide after 1.5 hr gave 82% of two
products. The major product (70%) was sa: nmr 0 6.2 (s, 1),

= 7 Hz, CH3); ir 3330, 1003, 960, and

4.85 (quartet, 1,7 = 7.5 Hz, CH-OH), 3.5 (s, 1), 2.9-1.8 (m, &),

and 14 ppm (d, 3, 7 = 7 Hz, CHJ); ir 3340, 1160, and 1075
nmr b 6.1-4.8 (ABC
pattern, 3) and 2.0-1.2 ppm (m, 8), OH peak variable; ir 3360,
3080,990 (doublet), and 920 cm-1.

Ethylidenecyclohexane oxide rearranged to a single product in
66% yield, 9b: nmr b 7.0-5.4 (ABC pattern, 3), 2.2 (s, 1, OH),

cm-1. The remainder (30%) was 9a:

I, shifts with formic acid, OH), 1.7 (d, 3,

1,7 = 7.5 Hz, CH-OH), 2.6-2.0 (m, 4), 2.0-1.2 (m, 19),

Pechhotld, Adams, and Fraenkel

and 1.7 ppm (broad singlet, 10); ir 3370, 3070, 1265, 995, 965,
925, and 910 cm-1.

Ethylidenecycloheptane oxide gave a 74% yield of two allylic
alcohols. The minor alcohol (38%) was sc: nmr b 5.85 (t, 1,
7 = 6.5 Hz, HC=C), 4.16 (quartet, 1,7 = 6.5 Hz, CH-OH),
28 (s, 1, Oil), 2.4-2.9 (m, 4), 1.9-2.3 (m, 6), and 1.16 ppm
(d, 3, 7 = 7 Hz, CIl13); ir 3340, 1080, 1063, 986, and S48 cm"1
The major product 9c comprised 62% of the mixture: nmr b
6.4-4.9 (ABC pattern, 3), 2.3 (s, 1, -OH), and 1.62 (broad
singlet, 12); ir3370, 1035, 1000, and 920 cm-".

Ethylidenecyclooctane oxide also led to a mixture of two
alcohols in 73% overall vield. 8d (66%): nmr 55.42 (t, 1,
7 = 8 Hz, HC=C), 4.05 (quartet, 1, 7 = 6 Hz, CH-OH),
3.2 (s, 1, OH), 2.1 (broad singlet, 4), 1.46 (s, 8), and 1.17 ppm
(d, 3, 7 = 6.5 Hz, CH3); ir 3330, 1160, 1100, 1062, and 848
cm"l 9d (34%): nmr56.0-4.6 (ABC pattern, 3) and 1.55 ppm
(broad singlet, 15, includes OH); ir 3375, 1160, 995, 972, and
919 cm-1.

Isobutylidenecyclohexane oxide, after 72 hr reflux, was up to
76% unreacted. The sole product was 12: nmr 554 (s, 1,
HC=C), 46 (s, 1, OH), 336 (d, 1, 7 = 7.5 Hz, CH-OH),
2.3-1.2 (m, 9), and 0.83 ppm (two overlapping doublets, 6);
ir 3400, 1140, 1014, and 915 cm"1

Re |str?{ No.—Propylidenec cIobutane 28253-07-8;
Rrop%ﬂl e ecgc open ane 48 pylldenec clo-
exane |denec clohe tane 1 257

-60 2, le 2 1-3:
28256-63-5. b 17328 144, 1
256-66-8; 11,28256-67-9.
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Several 1,1-dimethylcycloalkylmagnesium halides were synthesized and their nmr spectra obtained as a func-

tion of temperature.

Each reagent gave rise to an equal doublet for the methyl resonance.

The nmr spectra

were independent of the temperature, and it is concluded that carbanion inversion is slow on the nmr time scale

up to 175°.

mechanism of inversion in primary Grignard reagents.

is not favored when the bridging group is cycloalkyl.

Inversion rates of carbon bonded to metal in primary
organometallic com ounds of lithium, rémgnesmm alu-
minum, and zinc have een re orted. 155 However,
50 far there has been relative rY #e wgr on nn/ersmn
In secondarysstems Letsinger toun Zoct |th|um

at low temperatures.6

mvere slowly ensen and
akamaye determlged the endo/exo ratio for 2-nor-
orn(] OdNIesl}Jm romide.7 This reagent also In-
vert y

(1) G. M. W hitesides, M. Witanowski. and J. D. Roberts, J. Amer. Chem.
Soe., 87, 2854 (1965).

(2) G. M. Whitesides and J. D. Roberts, ibid., 87, 4878 (1965).

(3) G. Fraenkel and D. T. Dix, ibid., 88, 979 (1966).

(4) M. Witanowski and J. D. Roberts, ibid., 88, 737 (1966).

(5) G. Fraenkel, D. T. Dix, and M. J. Carlson, Tetrahedron Lett., 579
(1968).

The various effects responsible for this result are discussed in terms of what is known about the
It is concluded that carbon bridging in Grignard dimers

While our work on inversion in prlmary organometal-
lic systems was groceedm we initiated some experi-
ments on secondary reagertts.  Meanwhile, Whitesides
and Roperts2discussed the behavior of the pmr spectra

3d|meth |cyclobutylma ne3|gm bromide ang 2,4-
dlmethlylﬁ ylma nesigm- bromide-3 and _ concluded
e1rban0 ersjon to be slow on the nmrtlme cale.2
Also, Glaze an Selman have reported 4-terf-butyl-
cyclohexylllthlum to be conflguratlonally stable 8

R e
ana o talnmg their'nmr spectra a unction of tern-

(6) R. L. Letsinger, «<7. Amer. Chem. Soc., 72, 4842 (1950)
(7) F. R. Jensen and K. L. Nakamay, ibid., 88, 3437 (1966).
(8) W. H. Glaze and C. M. Selman, J. Ornanometal. Chem., 11, 3 (1968).



nerature From the results together with a considera-
jon of what i known about ring inversion in these

stems 1t should Be possible to olitain at least qualita-
tve Information about carbanion Inversion rates.

MgX
1

First, it is assumed that, althou hor%anomagnesrum
rn)pounds exist In squt(Jon as mixtures o 9gregates
car on-magnesium _bond exchange In ethers IS still
fast enough at —70° to average any shifts among
species. 917 However, in the presence” of organoma
nesjum akoxrdes and certain' diamines, carBon-mag-
nesium bond exchan e rates have been measured wi
thenmrlnesae
anaL g wha |s cnown about, cyclobmanes
met %c obuty ma nesrum romrdeshou exist
m two conformations.1-14" The methyl groups In each
sh ou give rise to, a doublet. Fast fing inversion
an sow carbanron inversion should avera e the shrfts
ween the conformers to a srndne doubet while
processes are ast all eth)(l resonances
w}r eavera ed. toaS\n eIrne ItrsareadY nown
that mversro in cyco uanes is fast on e nmr
time_scale down to —1 Hence, it should be

ossrblle to estrmae thﬁ rate mver]sron rom the
ethy proton nmr Ines ape]]]8 see Scheme |).
Scheme |
H  GHs Mg CHg

Ha

The ar uments for the other cyclic Grignard reagents
follow th se for the cyclobutyl re ent In the Cfﬁ
of cyclohexanes, s |fts amon con rmers are usually

(9) H. O. House, R. A. Latham, and G. M. W hitesides, J. Org. Chem., 32,
2481 (1967)

(10) The possibility of degenerate shifts among species will not alter the
interpretations.

(11) J. D. Dunitz and V. Schomaker, J. Chem. Phys., 20, 1703 (1952).

(12) G.W.Rathjens, Jr., and W. D. Gwinn, J. Amer. Chem. Soc., 75, 5629
(1953).

(13) G. W. Rathjens, N. K. Freeman
ibid., 75, 711 (1961).

(14) A. Almennigen, O. Bastiansen, and P. N. Skancke, Acta Chem.
Scand., 15, 711 (1961).

(15) R. P. Bauman and B. J. Balkin, J. Chem. Phys., 45, 496 (1966).

(16) S. Meiboom, Abstracts, 140th National Meeting of the American
Chemical Society, Chicago, 111, 1961, p 26T.

(17) H. S. Gutowsky, D. M. McCall, and C. P. Slichter, J. Chem. Phys.,
21, 279 (1953).

, W. D. Gwinn, and K. S. Pitzer,

(18) In the event of accidental degeneracy of all the methyl shifts, no con-

clusions can be drawn.
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averalged out by fast chair to chair inversion by 60°.9
Finally, for 2.2-dimethylcyclopentylmagnesium  bro-
mide, we need ot consr er rin F]nversron and the
seudorotatron Iscussed by Brutcher and Baurd Is
pro ab Ytoo J%st to bed tect d b nmr s ectroscoo
oceed below tg escrr the syntheses o{ e
Grrgnard reagents and their precursors. It will
shown that inversion In cyclic organomagnesium com
pounds Is slow compared to the primary reagents.

Results and Discussion
3,3-Dimethylc cIobutaBecarboxg %acidZt’ scon
verted }o 33 imethyloromacycClobutane 3 by
means of the Hunsdrec er reactjon,2run in
Kishner's. meth o 2 1h e actron of fumn HBr on

lobutyldimethylcarbi

b, atged t.cthéh’ copenty pomic vé

tog ether with two olefins w ch wer identified t
drmethylcyclopentene and isopropylidenecyclobu-

The preparatron of 22d|me hylcyclohexyl bromijde

from coo enty| |methg carbinol and fuming
H r23 veaso two efrns id nt,fred to he 1sopropyli-
enecy opentane an -|soprop cyclopentene.

cyclopentyldimeth fy caririol was treated with
60% suI{ ric. acid at 80° for 4 hr, the products cop
sisted o 1-is0 ropg Cy¢ opentene (47%), |so
denec clopentane (50%), and traces 0 |so (5)
CXCO entane.. The absence. of ring-expanded ucts
S exp errment IS consistent the fr drng
Johnson and Owyang that 22d|meth?/IcycIohex no
subaected to fornl)olysrs oondrtrons slowly Contracts to
drin nds

arious five-membe comrfou and that the
ormation of cation VI is reversib
HX ch3
VI

The synthesis of 44d|meth,vlcyclohexyl bromrde

tf”.'d.metﬁ (EaResaecatbon it 200 (S X

IC acl EXperl-
mental ectron 0 Precursors).
Final| g 3 3-dimethy Ic clo exfyl bromide ‘VIIIJ was
s nthesl e]d bg/amodr |oat|on of Doering’s procedure,®
actrng the corresponding alcohol with hydrogen bro-

T?re cyclic. halides 111, IV, V, VI, and V111 regcted

with, maﬁneswmtnether THF, anddr&n rio‘y qh

to jve Mmain couo roducts an ow |e
he corre rignard eélegent lt

However In diglyme at 60° these hall weresmoothy

(19) (a) M. Friebolin, W. Faisst, M. G. Schmid, and S. Kabuss, Tetra-
hedron Lett., 1317 (1966); W . Reusch and D. F. Anderson, ibid., 253 (1966);
R. J. Abraham and D. B. MacDonald, Chem. Commun., 188 (1966); also
reviewed in J. D. Roberts, Chem. Brit.,, 529 (1966). (b) Exceptions to this
generalization include 3,3-difluoromethylcyclohexane, 4,4-difiuoromethyl-
cyclohexane, and 4,4-difluorobutylcyclohexane: S. L. Spassov, P. L. Griffith,
E. S. Glazer, N. Nagarajan, and J. D. Roberts, J. Amer. Chem. Soc., 89, 88
(1967).

(20) F. V. Brutcher and W . Baur, Jr., Science, 132, 1489 (1960).

(21) A. Campbell and H. N. Ryden, J. Chem. Soc., 3002 (1953).

(22) N. Kishner, Chem. Zentralbl., I, 543 (1911); ibid., 11, 1859 (1908).

(23) S. S. Nametkin and M. A. Volodina, Zh. Obshch. Khim., 21, 331
(1951)

(24) W.S.Johnson and R. Owyang, J. Amer. Chem. Soc., 86, 5595 (1964).

(25) W. v. E. Doering and F. M. Beringer, ibid., 71, 2221 (1949).
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Figure L.—Nmr spectrum (60 MHZz) of 3,3-dimethylcyclobutyl-
magnesium bromide, 1.4 Iff in diglyme, 40°.

ri erted to Grrgnard reag nts in nearl quan tatrve

Yre s, AttemptS were made to converf these halides
ganolrt lum compounds. ~ The an bromrdewhrch

underwent this conversion In high yield was |

nmrs eotr}a of t eh drglysates oft¥\ese or anorp]etalhc

reage tssowe absorption belonging to the cor

res ondrngh rocar

. The nmr sp ectr%of reap R? ts IX-X111 are |IIustraieg
in Figures 1 emrca ITt assignments are labele
on the spectra. . Meth I-V resonances of contained im-
purities are listed as RH or R h

Only in the case of 3,3-dimethylcyclobutylmagnesium
romide Is it Rossrble to resolve all tIte drfferent y-

rogens Eac reagent ives a sin e mutrplet or
[ Jnet ine hydrogen, % ese nifts are
sted in Ta Ie . Forall the r agents WI th the ex-

Reag t Rs::eg X r

IX 4 3 9.16

X 5 2 10.60

X1 6 2 10.30

X1 6 3 10.05

X1 6 4 10.30
eption of 3d|methglcycl%put Im esrum bromrd
FI urel e methylene hydrogens eon to stron y
Cou e sstems and give tse 0 complex multipléts
all dig yme gives rrse to two

%/ ”ac reta]gent in
ines for the me e he nmr
spectrum of 33dv me¥ gy obg( |th|uht IS show

igure 2b. Th |sspect m clearly shows magnetically
onequivalent methyés also. O[ er getarlsc ncerning
ese spectra will be’discussed helow.

The nmr spectra of the Grrp d rea %nts were
obtalrned from 40 to 175°. Aside from ges In
resolution which attend changes in vrscosrty te ing
ositions and intensities wer}e m% ependent of the tem-
erature. However, at t her temperatures,

(26) In one case, 3,3-dimethylcyclohexylmagnes
thoxymethane, there is fine structure in the methyl resonance indicative of
slowly interconverting species. Above 50° the lines broaden slightly; how-
ever, the shifts remained constant

ium bromide in dime-

Figure 2—Nmr spectra (60 MHz), 40°, of (a) 3,3-dimethyl-
cyclohexylmagnesium bromide, 1.4 iff in diglyme, and (b) 3,3-
dimethylcyclobutyllithium, 1.3 iff in benzene.

around 170°, each sample underwent slow irreversible
changes as a result of which the spectrum of the Gri-
ﬂnar reagent was eventually replaced by that of |ts
ro sae Thrs behavior’is ilJustrated for 3,3-d)-
t] ){co ?]x ma?nesrum bromide In Frgure4 Evi-
her emperatures the reagénts abstract
protons from the s%vent Due to vrscosrt broaden-
It was not ossr le to 0 tarn useful nmr data rom
th eso u‘rons elow 10°. The sample of 3 3d|metny
oy co butyllithium decomposed above 60° and was riot
further mvestrgated
On the hasis of the discussion in the introduction,
the conclusions for the four- and five-membered ring
reagents are gurte clear. Downto —100° cyclobutanes
Invert at rates whrch are fast on the nmr'tjme scale
The srmplrcrt of the H-C-Br, resonance rn 1,
well as the H- Mﬂresonahces n |tsGrrﬁhar rea ent
IX, indicates rrng rpprnd to be fast in the gc lobut
co pounds. Ey resonance. of 33 |me
cyclobuty ma?nesrum omide consists of two rhes
ereforg, this reagent undergoes slow carbanjon |n h
Version p t ° Srnoe %u rfrot tion In t
five-mem Fre reag [r ? robably fast, th g
sistence of a methyl doub to 175°" |n Icates
slow carbanron mversrorhrn thrsrhse also.  This sgme
conc usion app les o the cyclo exy ma nesrum
mides; carbanion rnversron IS slow ulp da
rlng htversrp]n IS fasﬁa ove 40 The latter is evr ent
rom tnhe srmp icity of the H-C- M% resonances
of these Grﬂgnard eagents and is also found for their
Precursors
Jensen and Nal%ama e have res}olved shifts.among
the two chair conformérs of cyclohex magnesrum re
agentsBat low temperatures. * The ofiservation of two

(27) In contrast to this result we find that the carbinyl resonance of 3,3-
dimethylcyclohexyl bromide is quite complicated and has the appearance of
the resonance in a substituted cyclohexane un

(28) F. It. Jensen and K. L. Nakamaye, J. Amer
(1968)

dergoing slow ring inversion.
. Chem. Soc., 90, 3248



Figure 3.—Methyl group nmr from (a) 4,4-dimethylcyclohexyl-
magnesium bromide, (b) 3,3-dimethyleyclohexylmagnesium
bromide, (c) 2,2-dimethylcyclohexylmagnesium bromide, and
(d) 2,2-dimethylcyclopentymagnesium bromide. All reagents
are 1.4 M in diglyme, 40°.

resonances for these materials at —85° implies both
ring and carbanion inversion to_be slow at ihis tem-
Berature Elther one or hoth of these rocesses could
e respons]be or averaorng the_two H-C-Mg reso-
nances at her temperatures. These authors assron
the axra an equatorra hydrog en shifts
be 1 g % Ift se vaues aBrFr)r y o our
squtrons of U strtute cyclohexyl maﬁnesr rea ents
Mme It wou appear that the 2,2-dimethyl-
dimethylcyclohekyImagnesium bromides exist
marnt |r|r the conforma lons “with the C-Mg hond
equatoria
qIn view of the above discussion it would appear
that the Persrstence of doublets for the methyl reso-
nances o 4-gimethylcyclonexylmagnesium
bromide indicates these reagents to0 be inverting slowly
on the nmrscale u t‘o
In summary, we find here that carbanion inversion
in four-, five- ‘and six- membered cycIoaIkonrganomag
nesium comﬁounds IS, slow I the nmr time scae uP

to 175, This srtuatdon i t)esis?(;‘)ﬁto LB fé: ke

nesium com
to%?e confrguratrgna“y stable tor long periods of time. 9
The maximum reciprocal mean lifetime between |n
versions at 175° for the reagents studie here |s
sec-1, while the extrapolated vaIue for 2- meth Y
ma nestum_ bromide 15 1) X 106 sec-1 vﬁ e
e qualitative nature of the resuIts |t IS Worth
to consrderwhy carb agrorhrnver%o nin the cycl |corga]no-
agnesium compounas snould be so much’slowert
|nte primary reagents.
emost convrncrn ratronale for 1( eh atapresented
here comes, from a consideration ot the results trom
|ne|t%stu €S on Inversion in primary systems, The
available dafa indicate that inversion takes place In

(29) H. M. Walborsky and F. J. Impasato, J. Amer. Chem. Soc., 81, 5835
(1959).
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Figure 4.—Nmr spectra showing effect of heating 4,4-dimethyl-
cyclohexylmagnesium bromide, 1.4 M in diglyme (a) after 10
min at 75°, (b) after 15 min at 175°, and (c) after 30 min at 200°.

dimers of 2- methylbuulmagnesium halides and that
the transrtron state for Inversion Involves carhon
brrdg J) Atthep resenttlme Itis not known whetner

car on br| %rn? |s |nvfo in Grrﬂnard dimers In
roun ar, there IS fo firm evidence
or an of the structures whrch have been proposed
r{nar dimers.d bridging takes place
|n dthe ransi |on state r| nard” inversion, ‘then
grn would emost or primary compared

{0 S

condary and tertiary groups, respectively. ~Such
IS the casey among brldg%t? grganoafumrnt}/m com-

po R
e_principle .conclusion  from this work is hat
carbanr N Inversion In cyclic organoma nesrum

|es slow on the pmr time stale u nd
this eftsect 1S ascrn)eop to the ina |I|ttP o? secondary
groups to bridge between magnesium centers.
Experimental Section

Physical Constants.—All boiling points were those obtained
during distillation and are uncorrected. All melting points were
determined using a capillary apparatus or a Fisher-Johns appara-
tus and are uncorrected.

Analyses.—Elemental microanalyses of synthesized com-
pounds were carried out by the microanalytical laboratories of
Dr. A. Bernhardt, Muhlheim, Germany, or Galbraith Analytical
Laboratories.

Spectrometric Methods.—Nuclear magnetic resonance spectra

(30) G. Fraenkel, C. Cottrell, and D. T. Dix, ibid., subm itted for publics-
tion.
(31) E. C. Ashby, Quart. Rev., Chem. Soc., 21, 259 (1967).

(32) E. G. Hoffmann, Justus Liebigs Ann. Chem., 629, 104 (1960).
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were obtained on a Varian Model A-60 spectrometer. Infrared
absorption spectra were obtained with a Perkin-Elmer Model 137
sodium chloride spectrometer. Vapor phase chromatographic
work was undertakenwith an Aerograph Hy-Fi Model 600 and an
Aerograph “ Autoprep” Model A-700. All analyses determined
by vpc have been corrected for the weight:area factor utilizing
an internal standard, except where otherwise designated. All
vpc analyses were obtained with a30% silicon gum rubber SE-30
on 45-60 Chromosorb W or 20% FFAP on 60-80 Chromosorb W.

3,3-Dimethylcyclobutyl Bromide (I11).—A suspension of 3,3-
dimethylcyclobutanecarboxylic acid (40 g, 0.312 mol) in 600 ml
of distilled water was neutralized with 13 ml of 30% ammonium
hydroxide. A solution of silver nitrate (53.2 g, 0.312 mol) in 200
ml of distilled water was added dropwise to the stirred solution of
the acid. An additional 100 ml of water was added and the white
precipitate was filtered, washed with water and then methanol,
and dried in an oven at 50-60°. For the next step, the dried
silver salt was powdered and sieved into a crystal dish. The silver
salt was now dried in a vacuum oven at 80° for 60 hr. The yield
consisted of 70 g (90.4%) of silver 3,3-dimethylcyclobutane-
carboxylate.

The finely powdered silver salt (70 g, 0.298 mol) was placed in a
1-1. three-necked flask equipped with a dropping funnel, reflux
condenser, and mechanical stirrer. All this equipment had been
thoroughly dried in an oven at 100°. To the salt was added 360
ml of olefin-free dry pentane. While stirring, bromine (47.7 g,
0.298 mol), dried over phosphorus pentoxide, was slowly added
through the dropping funnel over a period of 45 min. At first
cooling was necessary, as the exothermic reaction was quite
vigorous. When all the bromine had been added, the mixture
was heated under reflux for 1hr. Itwas then filtered and the silver
bromide was washed on the filter with 100 ml of pentane. The
filtrate was washed once with 200 ml of a 10 % sodium bisulfite
solution and then with distilled water and dried over magnesium
sulfate. Evaporation of the solvent and distillation of the residue
afforded 26.5 g (54.7%) of 3,3-dimethylcyclobutyl bromide as a
colorless oil, bp 45.5-46.5° (32 mm) (lit.2 bp 132°).

The purity of the compound was confirmed by vpc. The in-
frared spectrum (NaCl, neat) showed strong bands (cm-1) at
2900, 1440, 1405, 1340, 1360, 1230, 990, and 788. The nmr
spectrum (benzene, TMS internal standard) showed resonance at
r 5.80 (quintet, methine), 7.77 (multiplet), 8.99 (singlet, methyl),
and 9.19 (singlet, methyl).

Anal. Calcd for CeHNBr: C, 44.18; H, 6.80; Br, 49.02.
Found: C, 44.15; H, 6.76; Br, 49.09.

The Hunsdiecker reaction with 3,3-dimethylcyclobutane-I-d-
carboxylic acid-d resulted in the formation of 3,3-dimethylcyclo-
butyl bromide-I-d.

2,2-Dimethylcyclopentyl Bromide (IV).—In a 250-ml two-
necked flask equipped with a thermometer and a cooling tube was
placed cyclobutyldimethylcarbinol (53.5 g, 0.468 mol). Ap-
proximately 50 ml of fuming hydrobromic acid was slowly
added with cooling by means of an ice bath. The mixture was
then heated in an oil bath with magnetic stirring at 100 ° for 2 hr.
Much HBr was lost at this time. The resulting olive green solu-
tion was poured in a separatory funnel and washed a few times
with distilled water. The lower layer of crude bromide was
transferred to an erlenmeyer flask and heated with a solution of
20 g of potassium hydroxide in 50 ml of water at 100° for 2 hr.
The bromide layer was separated, poured into a 100-ml flask,
and, after addition of water, steam distilled. The bromide was
dissolved in ether, washed with water, and finally dried over
magnesium sulfate. The ether was then removed by distillation
and the residual liquid distilled under reduced pressure to give 16
g of a fraction of isomeric olefins and 30.7 g (36.2%) of 2,2-
dimethylcyclopentyl bromide, bp 55-56° (15 mm), as a colorless
oil (lit.2 bp 167°, partial dec). The purity of the bromide was
confirmed by vpc. The infrared spectrum (NaCl, neat) showed
strong bands at 2870, 1435, 1365, 1345, 1245, 1175, 838 and 804
cm-1. The nmr spectrum (CCl4, TMS internal standard)
showed resonance at . 6.13 (X portion of ABX, methine, ; .. -
Jbx — 15 ¢ps), 7.55-8.60 (multiplet, methylene), and 8.96
(singlet, methyl).

Anal. calcd for CvHiaBr: C, 47.48; H, 7.39; Br, 45.13.
Found: C, 47.31; H, 7.57; Br, 45.12.

Further evidence for the correct structure of the bromide came
from the hydrocarbon obtained by hydrolysis of the correspond-
ing Grignard reagent. The nmr spectrum of 1,1-dimethylcyclo-
pentane (diglyme) showed at t 8.15-8.85 (multiplet, methylene)
and 8.98 (singlet, methyl). The peak areas were in ratio 4:3.

Pechhold, Adams, and Fraenkel

The isomeric olefins formed as side products from the prepa-
ration of the bromide were separated by vpc. Two components
were obtained in the ratio of 4.5 to 95.5. The spectral properties
of the lower boiling component established its structure to be iso-
propylidenecyclobutane: ir (NaCl, neat) max 2990, 2890,
2805, 1645, 1365, 1325, 1077, 1015, 915, and 797 cm-1; nmr
(CC149 t 4.78 (center of complex multiplet, terminal vinyl pro-
tons), 7.38-8.15 (multiplet, methylene, methine), and 8.39
(singlet, methyl).

The second component was identified as 1,2-dimethylcyclo-
pentene-1 by comparison of its nmr spectrum and retention time
to those of an authentic sample: nmr (CC14) r 7.51-8.35 (mul-
tiplet, methylene) and 8.44 (singlet, methyl).

2,2-Dimethylcyclohexyl Bromide (V).—In a500-ml two-necked
flask equipped with a thermometer and cooling tube were placed
cyclopentyldimethylcarbinol (110 g, 0.858 mol) and 100 ml of
fuming hydrobromic acid. The mixture was then heated in an
oil bath with stirring at 100° for 3 hr. The heavier brown bro-
mide layer was separated from the water. It was transferred to a
500-ml erlenmeyer flask and heated with stirring with a solution of
40 g of potassium hydroxide in 100 ml of water at 100° for 2 hr.
The heavier crude bromide layer was separated, poured into a 1-1.
flask, and steam distilled. The distilled product was dissolved
in ether, washed with water, and dried over magnesium sulfate.
The ether was removed and the residue distilled under reduced
pressure to give a fraction of isomeric olefins, bp 40-60° (23 mm),
and 99.4 g (60.6%) of colorless 2,2-dimethylcyclohexyl bromide,
bp 85-85.5° (23 mm) [lit.2 bp 85.5° (23 mm)]. The purity of
the bromide was confirmed by vpc. The infrared spectrum
(NaCl, neat) showed strong bands at 2870, 2885, 1448, 1430,
1367, 1348, 1200, 960, 854, 715, and 676 cm-1. The nmr spec-
trum (CC1l4, TMS internal standard) showed resonance at r
5.95 (ABX, methine, s .. + 3bx = 15.0 cps), 7.58-8.79 (multi-
plet, methylene), and 8.92 (singlet, methyl).

Anal. cCalcd for CeHieBr: C, 50.28; H, 7 91;
Found: C, 50.35; H, 7.87; Br, 41.78

The structure and identity of 2,2-dimethylcyclohexyl bromide
was further proved by its chemistry.

A Grignard solution prepared in diglyme was hydrolyzed and
the resulting hydrocarbon was compared in its spectral properties
and retention time to a commercial sample of 1 ,:-dimethylcyclo-
hexane. Their properties were the same: ir (NaCl, neat) max
2880, 2800, 1430, 1360, 1345, 1165, 957, and 346 cm-1; nmr
(CC1<) r 8.23-8.87 (multiplet, methylene) and 9.08 (singlet,
methyl).

The Grignard reagent of the above bromide in ether was oxi-
dized with molecular oxygen and the resulting alcohol compared
to an authentic sample of 2,2-dimethylcyclohexanol. Both com-
pounds showed the same spectral properties and vpc retention
times. Treatment of the alcohol with phenyl isocyanate resulted
in a phenylurethane which melted at 84.5-85° (lit.33 mp 84-85°).
The infrared spectrum (NaCl, neat) of the alcohol was charac-
terized by a hydroxyl band at 330 cm-1.

Side Products from Cyclopentyldimethylcarbinol-HBr Reac-
tion.—The olefin fraction consisted of two components which
were separated by vpc (XIV and XV). Samples (1 g) of these
olefins were ozonized in methylene chloride at —78° for about 1
hr. The blue ozonide solution was poured into a flask contain-
ing 50 ml of water. The methylene chloride was removed on a
steam bath. In both cases the water residue contained oils.
The ozonized product of the lower boiling olefin X1V was soluble
in a 5% solution of sodium bicarbonate, indicating an acid,
whereas the product from olefin XV was insoluble. The alkaline
solution from olefin X1V was acidified, extracted in ether, and
gave a very high boiling oil. With semicarbazide hydrochloride
it gave a semicarbazone, mp 183-185°. The melting point was
close to that reported for the semicarbazone of 6-methyl-5-oxy-
heptanecarboxylic acid, mp 182.5-183.5°.3

Infrared and nuclear magnetic resonance spectra further proved
the identity of olefin X1V as 1-isopropylcyclopentene-l: ir
(NaCl, neat) max 3030, 2960, 1645, 1358, 1375, 1305, 1290, 1067,
1033, 948, and 807 cm-1; nmr (CC14) r 4.75 (singlet, vinyl), 7.50-
8.52 (multiplet, methine, methylene), and 9.00 (doublet, methyl
/| = 6.0 cps).

The ozonized olefin XV was neutral and gave, after treatment
with semicarbazide hydrochloride, a semicarbazone, mp 207-209°,
very close to the reported melting point for the semicarbazone of

Br, 41.81.

(33) H. Meerwein, Justus Liebigs Ann. Chem., 405, 142 (1914).
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cyclopentanone,3 mp 209-210°. The infrared and nuclear
magnetic resonance spectra identified olefin XV as isopropyli-
dinecyclopentane: ir (NaCl, neat) max 2910, 2820, 1645 (w),
1435, 1420, 1360, 1095, and 945 cm-1; the nmr spectrum (CCfi)
showed no vinyl protons.

Reaction of Dimethylcyclopentylcarbinol with Sulfuric Acid.—e
When the dimethylcyclopentylcarbinol was heated with 60%
sulfuric acid at 80° for 4 hr, it resulted in the formation of three
compounds. All three decolorized bromine indicating alkenes.
These were X1V (47%), isopropenylcyclopentane (2%) [XVI,
888 cm-" (C=CH2)1, and XV (51%) [bp 136° (lit.” bp 136
137°)].

Preparation of 3,3-Dimethylcyclohexyl Bromide (VIII).—The
procedure used was a modification of that of Doering.B In a
100-ml three-necked flask equipped with a mechanical stirrer,
reflux condenser, and insert tube was placed 3,3-dimethylcyclo-
hexanol (32 g, 0.25 mol). A stream of hydrogen bromide was
passed through the alcohol for 30 min at 5°, for 15 min at 100°,
and for 2 hr at 130°. The reaction product was first washed with
concentrated sulfuric acid with an equal amount of 50% meth-
anol, with ammonium hydroxide until basic, and finally again
with 50% methanol. Distillation of the dried product gave 31 g
(64.8%) of colorless 3,3-dimethylcyclohexyl bromide, bp 63-
63.5° (8 mm) [lit.Bbp 80-82° (5 mm)].

The purity of the bromide was confirmed by vpc. The infra-
red spectrum (NaCl, neat) showed strong bands at 2880, 1445,
1373, 1350, 1330, 1312, 1285, 1250, 1235, 1205, 1170, 1130, 1042,
966, 945, 921, 840, 831, 715, and 695 cm-1. The nmr spectrum
(CCh, TMS internal standard) showed resonance at r 5.64-6.30
(complex, multiplet, methine), 7.55-8.86 (complex, multiplet,
methylene), 9.06 (singlet, methyl), and 9.09 (singlet, methyl).

Anal. calcd for CsHiBr: C, 50.28; H, 7.91; Br, 41.81.
Found: C, 50.22; H, 7.91; Br, 41.91.

Treatment of the Grignard reagent from V111 (0.02 mol) with
1-naphthyl isocyanate (1.69 g, 0.01 mol) gave, after recrystalliza-
tion from methanol, a derivative with mp 201-202.5°, very close
to the reported melting point of 1V-lI-naphthyl-3,3-dimethylcyclo-
hexanecarboxamide (lit.5bp 204-204.5°).

1,5-Dibromo-3,3-dimethylpentane.— Diethyl /3,/3-dimethylglut-
yrate was prepared by Perkin’s procedure.3 The ester was
reduced to 3,3-dimethyl-1,5-pentanediol with lithium aluminum
hydride.3 To 3,3-dimethyl-1,5-pentanediol (71.5 g, 0.542 mol)
was added, slowly, phosphorus tribromide (149 g, 0.55 mol)
with stirring. The reaction mixture was heated at 90° for 12 hr.
The ether layer was washed with sodium carbonate, dried over
magnesium sulfate, and filtered. After evaporation of the ether,
the residue was distilled under vacuum to give 116 g (83.2%) of
colorless 1,5-dibromo-3,3-dimethylpentane: bp 86-86.5° (2

mm) [lit.3 bp 80-81° (1.3 mm)]; ir (NaCl, neat) 2940,
1468, 1450, 1385, 1365, 1330, 1235, and 755 cm"1
4.4- Dimethylcyclohexane-l,I-dicarboxylic Acid.—The acid was

prepared modifying the procedure of Otto.¥ In a 51. three-
necked flask equipped with a mechanical stirrer, reflux condenser
with a drying tube, and a dropping funnel was placed 2000 ml of
absolute ethanol. The ethanol was slowly reacted with sodium
(20.7 g, 0.96 g-atom) added over a period of 2 hr. Diethyl
malonate (71 g, 0.45 mol) was added to the above solution fol-
lowed by I,5-dibromo-3,3-dimethylpentane (116 g, 0.448 mol).
The reaction mixture was refluxed with stirring for 4 days. A
solution of 100 g of sodium hydroxide in 500 ml of aqueous
ethanol (50%) was then added and the refluxing continued for
10 hr. Ethanol was removed by steam distillation and the
residual solution was acidified with hydrochloric acid, extracted
with ether, and washed with distilled water. After the ethereal
extract was dried over magnesium sulfate, the ether was evapo-
rated and white crystals of 4,4-dimethylcycloliexane-l,I-dicar-
boxylic acid, mp 190-190.5° (reported¥ mp 190-192°), were
obtained, yield 71 g (79.2%).

4.4- Dimethylcyclohexanecarboxylic Acid.—4,4-Dimethylcyclo-

hexane-l,I-dicarboxylic acid (70.7 g, 0.353 mol) was heated
with 0.3 g of powdered Pyrex glass in a 1-1. flask equipped with a
reflux condenser carrying a thermometer. Evolution of carbon
dioxide commenced soon after all the diacid had melted. The
temperature was held for about 2 hr at 220°. Upon cooling,8

(34) O. Aschau, Ber., 45, 1606 (1912).

(35) W. H. Perkin, J. Chem. Soc., 1457 (1896)

(36) A. T. Blomquist and E. S. Wheeler, J. Amer. Chem. Soc., 77, 6307
(1955).

(37) B. Otto, Ph.D. Thesis, The Ohio State University, Columbus, Ohio,
1963.
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the residue solidified to shiny white needles. Recrystallization
from ethanol-water gave 53.4 (95.8%) of 4,4-dimethylcyclo-
hexanecarboxylic acid, mp 45-46° (reportedsr mp 45-47°).

4,4-Dimethylcyclohexyl Bromide (VII).—The acid just de-
scribed was converted to the bromide by the Hunsdiecker reaction
of the silver salt, in a procedure similar to that described above.
Thus, 53.4 g of 4,4-dimethylcyclohexanecarboxylic acid gave with
silver nitrate (58.3 g, 0.343 mol) and 82 g (91.2%) of dry silver
salt.

The dry silver 4,4-dimethylcyclohexanecarboxylate (81.5 g,
0.31 mol) was allowed to react with bromine (49.5 g, 0.31 mol)
in 500 ml of dry pentane. Work-up of the product in the usual
manner resulted in 26.5 g (40.5%) of colorless VII, bp 57-58°
(5 mm). The purity of the bromide was confirmed by vpc.
The infrared spectrum (NaCl, neat) showed strong bands at
2850, 1455, 1440, 1325, 1305, 1285, 1250, 1205, 1172, 1135,
982, 973, 935, 842, 714, 699, and 686 cm-1. The nmr spectrum
(CCl<, TMS internal standard) showed resonance at r 5.87
(center of symmetrical multiplet, methine), 7.72-8.89 (multiplet,
methylene), 9.04 (singlet, methyl), and 9.10 (singlet, methyl).

Anal. calcd for CsHieBr: C, 50.28; H, 7.91; Br, 41.81.
Found: C, 50.05; H, 7.84; Br, 42.05.
Preparation of the Organometallic Compounds. Solvents.—

The solvents used for the preparation of organometallic com-
pounds were distilled directly into the reaction vessel from a
flask containing drying reagent. Diethyl ether was distilled
from commercial methylmagnesium bromide. Dimethoxy-
methane, n-pentane, and benzene were distilled from lithium
aluminum hydride. Diglyme was distilled twice from lithium
aluminum hydride and then from methylmagnesium iodide under
reduced pressure (50 mm).

Metals.—Lithium metal dispersed in wax and containing 1%
of sodium was used for the preparation of the lithium compounds.
The wax was removed just before reaction by washing the dis-
persion several times with dry solvent. Triply sublimed mag-
nesium milled into fine shavings was used for the preparation
of the Grignard compounds. The shavings were washed with
dry ether, dried in a stream of helium, and stored in a desiccator.

Apparatus.—Hypodermic syringes were used for the addition
of the bromides and the transfer of the organometallic compounds.
The syringes were equipped with a stopcock and 6- or 8-in. 18-
gauge needles.

Vacuum vials, fitted with a 1-mm straight bore stopcock and
a 12/30 male joint, were used sometimes for storing or purifica-
tion of organometallic reagents. All the above mentioned equip-
ment was cleaned and dried in a current of argon prior to its use.

Instrumentation.—All nmr spectra of organometallic com-
pounds were obtained with a Varian A-60 high resolution nmr
spectrometer.

Procedures for the Preparation of Organometallic Compounds.
Grignard Reagents (General).—The reaction vessel consisted
of a 2.6-cm o0.d. test tube equipped with a 24/40 outer joint at
the open end and an 8-mm-o.d. side arm with straight bore Teflon
stopcock. The apparatus was flamed out in a current of argon
and loaded with a Teflon stirring bar together with the required
amount of magnesium. It was then quickly attached to the
receiving end of the still used to purify solvent. The solvent was
then distilled over in two 20-ml portions. Each was removed
by a hypodermic syringe. Finally, a 10-ml portion was distilled
over, stirring was begun, and a few drops of the bromide were
added to the reaction vessel through the Teflon stopcock.
Sometimes reaction set in within a few minutes, but in some
instances, heating or addition of 1-3 drops of 1 ,2-dibromoethane
was necessary. The remaining bromide was then added at the
rate of about : mmol/min, and the mixture heated afterward
for 2 hr to complete reaction. Stirring was then discontinued,
and the magnesium was allowed to settle. Aliquots were taken
for nmr and base analysis. Most of the Grignard reagents were
prepared in diglyme at 50°.  Specific procedures follow.

3,3-Dimethylcyclobutylmagnesium Bromide — Into the helium-
flushed reaction vial containing magnesium (0.965 g, 0.036 g-
atom) was distilled 10 ml of dry diglyme. Stirring was started
after the flask was immersed in an oil bath and heated to 50°.
3,3-Dimethylcyclobutyl bromide (29.3 g, 0.018 mol) was added
slowly by means of a hypodermic syringe through the Teflon
stopcock. The reaction mixture became cloudy after the first
few drops, indicating initiation of the reaction. The rest of the
bromide was added and stirring continued for 2 hr at 50°. A
considerable amount of white solid precipitated after the solution
had come to room temperature. One sample of the clear solution
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was withdrawn from the reaction vessel and injected through a
syringe cap into a dry nmr tube. The latter was cooled with
liquid nitrogen and sealed with a hot flame. Another sample
was titrated with 0.1 N hydrochloric acid (methyl orange as
indicator), indicating a 1.5 M solution (95%). The nmr spec-
trum of the hydrolysate showed absorption only for 1,1 -dimethyl-
cyclobutane (r 8.90).

Registry No. —33D|methylc;/clobutyl bromide
4237 5-6: 22d|meth cyclopen romd, 20028-

iS0 rog ylid enec co uane 22-9;  2.2-0}-
met |cyclohexyl 6 -9; 1-1sopropy!-
gcogentene 462073 ma lidinecycl Ooent e,
165-83-3; 3,3-dimethylcyclo romide,” 25090-93-6;

Organophosphorus Compounds.

Otrtah and M cFartltand

4.4- drmeth)()lcyclohexyl bromide, . 25090- 975 33di-

met Yclo magnesrum bromrde 4237-12-3; 33-
|me yct(co exy magnesrum bromide, 975
dimeth o exy ma nesrum bromide,  28268-
986 22- |met(¥c co ex Imagnesium bromide,
r2n|de 997 2.2 |methylcyelopenty|magnesrum bro-
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Protonation and cleavage of phosphoric acid, phosphonie acid, phosphinic acid, trialkyl (aryl) phosphates,
trialkyl (aryl) phosphites, and dialkyl phosphonates were studied in fluorosulfuric acid and fluorosulfuric acid-

antimony pentafluoride solution.

'H and 3P nmr spectra of the phosphonium ions [including the hydroxy-

phosphonium ions H,,P(OH)4 ,,+, N = 0-2], as well as those of the precursors, were obtained generally at —60°.
Tetravalent phosphoryl compounds were protonated on the phosphoryl oxygen atom; tervalent compounds
were protonated at the phosphorus atom. The nmr data showed that in the protonated intermediates there
was a substantial amount of back-donation of the oxygen nonbonded electron pairs to the empty phosphorus

d orbital.

By raising the temperature, several of the protonated compounds were subject to decomposition

reactions, including carbon-oxygen bond cleavage and fluorination.

The chemical gehavror of gho hates ang pho?phrtes

under acidic conditions has | nﬁ een a subject of Inter
est to m Investl ators:t T eacirdrc solyolyses3and
the deaI atron h drogen halides4 of phosphate
riesters

ave heen ex tned ]J detai. Arbuzov?
classic paper5is the foundation of our un erstandm 0
the reactrons of phosphrte triesters Wrthh rogen "ha-
lides.4 nly have Intera %trons of H)s hrte tri-
esters, wit strong acids been studied,6 but pro-
tonatronb avarrety 0

?1/ 8ghonates are similaly dealkylated b g
dro en halides;4 th ey also participate in other “ac
catalyzeq reactions.

The chemrstr of the parg nt monophosphorus o eti
a cidg with rePar t? ther acl srﬁofmteres asamo
or the reactfons of the organgphosphorus compounds.
The electrochemistry8and”self-condensation9 of ortho-

(1) (a) Part X I:
1832 (1969) (b) National Institutes of Health Predoctoral Research
Fellow, 1968-1970 (c) Taken in part from the Ph.D. Dissertation of C. W .
McFarland, Case Western Reserve Univers

(2) The reactions with acids

G. A. Olah and C. W. McFarland, J. Org. Chem., 34,

ity, 1971,

of the types of phosphorus compounds with

which this paper is concerned, with emphasis on the involvement of pro-
tonated intermediates, have been thoroughly reviewed: C. W. McFarland,
Ph.D. Thesis, Case Western Reserve University, Cleveland, Ohio, 1971.

(3) Recent reviews of acidic solvolyses can be found in (a) E. Cherbuliez,
Chimia, 16, 327 (1961); (b) C. A. Bunton, Accounts Chem. Res., 3, 257
(1970).

(4) W. Gerrard, J. Chem. Soc., 218, 1464 (1940), and subsequent papers

(5) A. E. Arbuzov, Zh. Russ. Fiz.-Khim. Obshchest., 38, 687 (1906);
J. Chem. Soc., London, Abstr., 92i, 275 (1907)

(6) (a) A. E. Arbuzov, Zh. Russ. Fiz.-Khim. Obshchest.,, Chast Khim., 46,
291 (1914); Chem. Abstr., 8, 2551 (1914), and later papers; (b) A. N
Pudovik and V. K. Krupnov, J. Gen. Chem. USSR, 38, 196, 306 (1968).

(7) G. O. Doak and L. D. Freedman, Chem. Rev., 61, 31 (1961).

donors has also been mvoked 2

Ve bee
+

e b x Iarned by autoprotolysis:
osphori
-Ca a

sphg

yrI;en ISOtopé ex-
0 acrd' and water is acid cata-
yzed equrlrbratron of the tauto
onie acidll ang hos mrc acr
be im ortant mt e acld-
catalzzed oxidation and Isot Pe exch ange expe Iments
wh |c have bfeen con?ucted with these aci

owever ewer efforts h ave een ma etoo tain pro-
tonated p osphates ang phosphites (the mtermedrates
ssume a\rrsfe frgm the mteractrons with acids) suf-
ciently stable for |refto servation,  There are ary-
Ing views on the stapility of he complexes th at
phorrc acrd forms with gdrogh oric acrd and Eerc orrc
acid, 2 where i)hosghorr acid I thou%ht to be a proton
accep tor ulfuric acid |svrewe as a proton d onor to
Rhos phoric acr? ]? 3P nuclear ma netrc resp-
ance chemical shifts of phosphates in sulfuric acid

pho thorrc acid hav

P(0 H%
chan ebetweenp
lyzed.D eacr
merrc forms of g ort)
nas been considered

(8) M. Baudler and D. Schellenberg, Z. Anorg. Allg. Chem., 366, 140
(1968), and references therein.

(9) E. Cherbuliez and J.-P. Lebe

(10) C. A. Bunton, D R. Llewellyn
J. Chem. Soc., 1636 (1961)

(11) A. Finch, P. J. Gardner, and |I. H. Wood, ibid., 746 (1965).

(12) (a) J. A. Cranston and H. F. Brown, J. Roy. Tech. Coll. (Glasgow),
3, £69 (1936); Chem. Abstr., 30, 40741 (1936); (b) E. J. Arlman, Reel.
Trav. Chim. Pays-Bas, 66, 919 (1937); 58, 871 (1939); (¢c) A. Simon and
G. Schulze, Z. Anorg. Allg. Chem., 242, 313 (1939); (d) A. Simon and M.
W eist, ibid., 268, 301 (1952); (e) R. A. Munson, J. Phys. Chem., 68, 3374
(1964).

(13) (a) J. C. D. Brand, J. Chem. Soc., 880 (1946); (b) R. A. Y. Jones
and A. R. Katritzky, J. Inorg. Nucl. Chem., 15, 193 (1960); (c) R. J. Gilles-
pie, R. Kapoor, and E. A. Robinson, Can. J. Chem., 44, 1203 (1966); (d)
K. B. Dillon and T. C. Waddington, J. Chem. Soc. A, 1146 (1970)

r, Helv. Chim. Acta, 36, 644 (1952)
, C. A. Vernon, and V. A. Welch,
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21» (85% HaPOi = 01—.

Phosphonium ion lon Precursor lon Precursor I Precursor lo Precursor
P(OH),+ - 2.3» 0.04
HP(OH)3+ -19.0 —b5.46  7.62 (825)  7.55 (683)h
HZP(OH)2+ -36.1 —12.3*  7.64 (687) 7.47 (567)6
HOP(OCH3)3+ -2.0» -2.3 4.42 (11.5)» 4.15 (11.2)
HOP(OCZH53+ + 1.6» + 1.0 4.73 (8.5)« 4.42 (8.6) Methyl: 1.72» 1.65
HOP (0-i-CH7)3+ +4.5 +3.4 5.19 (5.8) 4.86 (7.1) Methyl: 1.66 1.59
HOP(0-«<-CHg3+ + 1.2» +0.6 4.76 (7.4)« 4.32 (7.5) Methyl: 1.30« 1.28
HOP(OC&H53+ + 16.0» +17.9' Aryl: 7.45« 7.55'
HP(OCH33+ -24.7 -139.7 7.47 (827) 4.34 (12.1) 3.66 (10.8)
HP(OCZHs)3+ -19.7 -137.6 7.46 (811) 4.72 (7.4) 4.00 (8.5) Methyl: 1.67 1.40
HP(0+-CH7)3+ -15.7 -137.5 7.44 (796) 5.23 (5.3) 4.53 (8.8) Methyl: 1.64 1.37
11P(0-n-C,Hg3+ -20.4 -137.8 7.47 (812) 4.65 (5.5) 4.07 (7.7) Methyl: 1.15 1.20
HP(OCEH53+ -11.7 -126.9 8.32 (875) Aryl: 7.24, 742  7.05
HP(0-n-CH7)2+ -19.4 -7.3 7.49 (820) 7.03 (686) 4.60 (7.1) 4.25 (9.0) 0-Methylene:

2.01 1.94
HO Methyl: 1.18 1.20
HP(0-n-CH92+ -19.3 -7.2 7.47 (819) 7.03 (686) 4.62 (6.6) 4.32 (8.8) Methyl: 1.12 121
HO
« At room temperature. bIn HD. ' In CCh.

squtrons have been obtained. 13d  Such chemical shifts
avea?o een ver recentI ob ained fﬂr chIorosquwrc
acid solutions an oeum outrons with varying sultur
tr|o>é|de c(pntent]ﬁd Gill éespre and his coworkers have
cited conductometric an ryoscoprc measurements as
evidence ort e generation “of protonated Tp osphoric
acid, POH ~ romseveralpdecursorsrnsul uric acigd
and disulfufic acid solution. 4 Thelr measurements In-
drcated that trreth I phosphate IS protonated In sulfuric
c]r solution but that n horus ohgfuorr ersnotlﬁ)
T e conductivity o trr en [phosp] te msalfurrcac!)
has been explaine ép ation.9 Moedritzer 0

served changes In the chemrcal shifts ofseveral hos-

Borrc onrc and phos phinic acr deriv érves
on ad |t|o of strong acdssuch as perchloric and h
drochIorrcacrds]S Sheldrickband Haas and Gillman

have studied the profonation of phosphonic acid and
Bho nphrnrc acid In sulfurrc and perchIorrc acid solutions
easurrngte mrc c nstarc] 2 PH-between
R/Iosp orus and pro on oun |rectIy to It
rlane and Whrte hﬁve uite recently ? ervedb
nmr t eprotonatron atgp osphorus of several phosphites
In 100% sulfuric aci
In continuation of our work on protonation of phos-
phrnes In strong acid solptron Rwe extended our stHdres
0 the protonation andceavage reactions of phosphates

an h) phrtes in FSO FSOH- SbF$squ |onf
%ve found tpat (phonc c tira kyl (aryl)
pho ates hos onic acid, trialk h ) phosphites,
?I p tes, and phoi nic acrd form i
uo suI uric acr (at sufficiently low temperatures
stahle protonated species which can be observed by
nuclea magnetrc esonance Spec roscopx g
3]143 mr spectra ofteneutralsartm cQ ounds

of the corresponding protonated S

ecres IN" EXCess
fluorosulfuric acid were obtained.

€ Were partrcu

(14) R. J. Gillespie and K. C. Malhotra, J. Chem. Soc. A, 1933 (1968).
(15) K. Moedritzer, Inorg. Chem., 6, 936 (1967)

(16) G. M. Sheldrick, Trans. Faraday Soc., 63, 1077 (1967).

(17) T. E. Haas and H. D. Gillman, Inorg. Chem., 7, 2051 (1968).

(

18) W. McFarlane and R. F. M. White, Chem. Commun., 744 (1969).

larly interested in the effect of protonation upon the
phasphorus chemrcal shifts, as well as the nmr spectral
para etersp Protons bound drrec t0 phos 0rus.
Anot er goal of our studies was to abe to nt|
the sites of rotonatro and to oI subse uent c ga\)/
age reactio sspectra as suc rmatro woul
ehevant to man Important reactrons I organophos-
phorus chemistr

Results and Discussion

r data for rotonated hosphorus oxy acids
trraI ITarq hos ates, rrap f [ phyhrtes
and akﬁlp atesrnfluorosul urrcard outron
0° ness therwrse Indicated, are Irsted ﬁ

I hosphorus Rrecursors except those which
were drss Ived In the indicated solvents, were examrned
as neat liquids. Room -temperature spectra of sol
tions of 1 |norﬂan||c gsphates KH204 (NHAHPO4]
and the fria r ates t}exce t for triiso-
prgp osPhate |n excess quoros Ifurp] acld were

cative 0 grotonate species. T F 60-MHz
proton spectra of the acid solutio swere srmrar to those
of the s artrn compounds, exce’pt or chang es In peak

e

posrtrons ap sepa atrons an t rese ce of a new
harp singlet at'5 g rom exte naI
lary “tetra 24.3-M

th Jerane
horus spectra Hnse sho ed changes onIy in peaﬁ<
osrtrons apd separaérons
Since uquc acl |tse|f ssuffr}crentl str ngt

nate p osphoric acid an trret g 8
p hates we have studre should”be_ tully rotonate
n ih e?tr nger@fluoros{p furic acjd.  The chemrcal
shr t 0 d)ve horic acid is Practrca y the same w en

t1sd 'Sf In aqueous sulturic acld of 1o —3 —dz
asw en |t|sd|ssolv In

ppm re atrve to 85% H:PO

|ugrosulturic aci Bm ) Where v, IS —

Dillon and Wadain ton have also recentl expresse
the opinion that thelimiting value of the P chemical

(19) R. J. Gillespie, Accounts Chem. Res., 1, 202 (1968).
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shift of P(OH)4+ is —.1 ppm.1d Protonation is
assumed to take place on the phosphoryl oxygen atom,
but no proton coupling with phosghorus 1S exhrbrted
nor is a new proton absorption observed directly, Ex-
chan e with excess solvent fuorosulfprrc acrd rg evJ-
Very rapr sot at only a sing averag aci

ﬁ k IS seen, enomenon 15" characteristic o
droxyl groups bon ed to phosphorus. Attempts to
ow exchanvge through low-temperature exRerr Hts at
ere made, However, solutions of diam-

monrum hosphate In fluorosulfuric acid at —50° or in
fuorosu urrri ahcrd squurYI chlorofluorde TJQ
exhibite onyteusuas let acid p ana I-
tronlmrnor eak at510 atHr uted t }qrontum
ron HJ+) lpurrtlp spnonic acr phosphinic
acr and dra I shonate whrch aso are tetra
gent hosp oryl com1poun S, S ilarly show p<s nal
observable Sepa ater om the solvent aci pea

protonated ont e hosphor}/ 0Xygen atom.
The 3P chemical shitts of the Rrotonated phosphates
are comparable to values wh rch ave been reported_for

%etraalk Xy- and tetraphenog osp oni mr ns
H4 a %OCZ

|rst3 Jrepo ed 5va tées 5%r -, d /¢
of =15 and — re in rsa reement wi
subsequent shifts rven nggfmr?ar {ons g—522
-1.6,4and 0 £ forPfCOCH3)4+ and -3, 2+2.43
and +5 ppm%. for P(OCHG4+, 'The more recent
values are considered ¢ rrect n the earlﬁ studies, the
ﬁbsorptrons %f the tetraa 0X phosp onl m ro s ma
ave been hid en yte eference

shifts of +18% and gmz have been found for
POCG—I5)4+ In certarn cases the tetraalkoxyphos-
phonium ‘ions were prepared by drrect aIkyIatron of the

a&t p?rl(e)grrllfritereFa)tct(f\}ehftoevvardhsu P iciently strortv eQleactt(ron

ppIementrnd the nmr sectrosc0ﬁrc studies, d
mr? t' be expece that protonated p onp 0ric &ci

wh hshou(] ossess full tetrahedral symmetry, would
pro uce a distinctive R maps pectru {n gse Raman
p]ectra of concentrated so utrons of anhydrgus phos-
phoric acid in quorosquurrc acid led to no Fe inite con-
cIusrons for only | rnes due to the solvent flyorosulfuric
acr and t e ma“ hosphoric acid Irnﬁs observed b
Simon and Welstl2 in ‘mixtures of phospnaric acl
ﬁwhrc itself gives a spectrum ¢ aracterrstr ofatetrg
edral envirnment) “and percnhloric acid were 0

tarne

neral, the protonated phosphorus compounds
other han the g hates arg IesE sta ﬁe re urrrn(h;
their observation In squtrons at —60°. The proto

(20) A referee's inquiry prompted us to consider the concentration de-
pendence of the chemical shift of the acid proton
phosphate and fluorosulfuric acid, where the mole fraction
ranged from 0 to 0.9, the position of the ac

from 5 10.6 to 15.0.

. In mixtures
of phosphate
id peak varied correspondingly

of trimethyl

(21) J. S. Cohen, Tetrahedron Lett.,, 3491 (1965); J. Amer. Chem. Soc
89, 2543 (1967).

(22) H. Teichmann, M. Jatkowski, a
Ed. Engl., 6, 372 (1967).

(23) (a) J. H. Finley, D. Z. Denney, and D. B. Denney, J. Amer. Chem
Soc., 91, 5826 (1969); (b) J. H. Finley and D. B. Denney, ibid., 92, 362
(1970).

(24) A. Schmidpeter an

nd G. Hilgetag, Angew. Chem., Int

d H. Brecht, Z. Natur/orsch. B, 24, 179 (1969).
(25) (a) L Kolditz and K. Lehmann, z. Chem. 7, 356 (1967); (b)
L. Kolditz, K. Lehmann, W. Wieker, and A. R. Grimmer, Z. Anorg
chem., 360, 259 (1968).

(26) M. M. Crutchfield, C. H. Dungan, J. H. Letcher, V. Mark, and J. R.
Van Wazer, “P8L Nuclear Magnetic Resonance,” Wiley, New York. N. Y.,
1967, p 333.

spectra of phosphonic acid, phosphinic acid, and dialky!
phosg onates showed sizable deshreldrng effects n
luorosulfuric acid solution. The coup Ing constants
between a directly bound hos horus an Fproton 13 P
show large Increases upon protonatron rom a stu
of 1 pn optained from solutions gf phosph nrp aciq r\
phosphinic acig In aqueous Sulfyric acid of varia e
acid strength, Sheldrick has calculated a value of 80
Hz for M in Iully rotonated phosphonic ?|
HP(OH 3+ an ava ueof 675-681 Hz for ... Infu
%ro onated posp inic acid, HP(OH)2+.B_Haas an
rzlln(r)ertn feel tha (t)t;errogpcsee{élled \(]aluers (gf 8|04fca2gl 6 ”1]
|
98% sul furrc acfod7 arg representat?ved) p]p ng roton-
ated sRecresﬂ We obtained values of 819 to 825 Hz for
ghosp onic acid and the dialkyl phosphonates, and
87 Hz for phosphinic acid, when dissolved in fluorosul-
furic acrd rndr ative of observation of the protonated

com}p
The tervalent trialkyl (aryI? phosphites are proton
ated at pThprus In “excess fluorosulfuric acid,
rng ecies similar to rntermedratesthoughtto oc ur rn
uzov reaction of organo phosphites.Z The pro-

ton bound to phosphorus dppeared In prny spectra as a
characteristic wrde y separated doublet, drstrnpurshable
from the strong ow redsrn et due to excess flyorosul
furic. acid | cases, p ublet was util réed 5

tarnthe3]PchemrcaI sh byt e internuclear doub
resonance( o)

The 3IP hemical shrf)ts of ﬁhosphorrc acid and phos
p hates ch angev rB/ little upo protonatron iand alkyla-
lon, as indicate eore whereas the a-alk rotons rn
trjalkyl phosphates hecome notrceabymore deshre ed.
These rotons thrbrt chemrca |ts a Zt%
compar le to values reported for P %4 541

o %4fts oﬁeart]rdra IE)(I ét-rla hosphrtes dem nstIartg

startrng large shigldin P effects protonatron
movrngu heldto values fike, that of protonated phos-

phonic acld and protoBated dialkyl phosphonates.  We
concIude rom these o servatrons that in these hydroxy

R e S

p rus tot e 0Xygen
the contrrbu ron of

atoms through rve bond, p os
ﬁh ryl-like sructtires In which th % I%en atom?
ate nonbonded electron pairs to the formation o
pir bonds.
OR OR
| +
RO—P—R' e—> RO=P—R' <%
R dr
OR OR
| L
RO—P—R® RO—P—R'
+0OR (gR

R = H, alkyl, aryl; R' = H, alkoxy, aryloxy, hydroxy

WhenR is an alkoxy, aronxy or hydroxy substrtuent
H additional cogtrr% trnér structure contarnrng pNos]

R 0rus- oxsy% ond, can pe f] (f

?]/ roxy su strtutron oing from the y roxyphos-
onjum jon L OH)2] to_the tetrahydroxyphos-
honium ion [ (OH)44], the P chemical shifts show

(27) R. G. Ha , Top. Phosphorus Chem., 1, 73
(1964).

vey and E. R. DeSombre
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tr]re ehxpecte(rjj rlncreasrng shielding, rndrcatrn the degree rsopropyl quorosquonate rsformed |n solution. In the

of charge delocalization on oxy onatron of case of the triisopro osphite-fluorosulfuric acid
Phosphrne oxide (HPO) would %e ex ecte t0 Yield sofutron t enmrﬁar%et@rsrﬁ he hos horus Specles

he monohydroxthos honium ion, but the instability  remaining after isopropyl group cl avaie OH shift s
and ease of oxidation of phosphine oxideBhas sofar pré- 761 3P°shift —18.8 ppm, 1o PH = 822 Hz) are |nd|ca-
vented observation of the fon. tive of rotonated hosphonrc acid. ~ At certain times
Protonated trnsoproi)yl J)hosphate and phosphite & 7 field gt —50°), It was possible t]o observe
protonated trirferf-butyl phosphate and phosphite, and fgur ifferent protons bound recPIy to phosphorus
grotonated di-ierf-buty L hos honate clea %80 rapidly ~ (th ere IS some overIap of the absorptrons at 100 MHz),
t room temperaturet tn rspectrao fhese Species ﬁropose that the resonances arrse fromamrxture f
ould not be othtarne Forexam the 3P s ctrum aIIt egossrble ions of the type HP(0-i-CH1,(0H)3 n+
the fluorosulfuric acid so |ution o trrrsopron ph os , 3) which would_ result from”sequential
Elate S Owed only a singlet at —2 cIeava?e of the rso ropyI substrtuents from ro(ion ted
owever t ersog ogoxy hosRhonrum nsh v I| rte h“s?g ph P? ite. " This ropo?a IS su§porte bg
Et ity owmg elr proton spectra to be cttha a combination of 60- and 100-MH
tarned att at témperature IH spectra, and P inaor Spectra, we were able to ob-
rotoner]e tri-n- bu%l hosghate and_phosphite ?|SO tain_directly_or calculate nmr Parameters for each of
time at roo

cleave wit rature. - Two.days atter  the ions (se¢ Table ). Unlike the corresponding phos-
Leparatron of the quorosuIPurrc acdd solutron of the ( ) ponaingp

os hate te sBectrum showed only a singlet at

[f When dissolved rn the s%

ac|d S F the rotons ectra of the 3P and 81 Nmr Spectral Parameters of
phate and p sph ﬁe S owed prrmar Jy singlets at 5 HYDROXYISOPROPOXYPHOSPHONIUM 10N,
109 to 114 (rapidly exc angrn? acl rotons and 5 HP[OCH(CH )3, (OH)3n+ (n = 0-3), a1 8O0
43710 4.43 (; rfb | catign). Tt was found t am)r I UL L o
matron of (- atron m the phosphate cou . e S o
followed |net|ca e/ té_lnmr S ectrosco[pY at —60° 1 PP i oot
an excesso 551 buf tha hedata couId > loa e 812
not ernter reted accordin toasrm le rate law, 3 5.7 7.44 796

aply b ausethe three n-py ubstrtuents are | aved
i K

rearrange to ¢erf-utyl cations) sequentially. ghate rotonate rrmeth}/]I ghosphrte also demon-

trates fome |nsta%r |ty mr Spectrum showed a

HOP(OCH 93+ 5 (HO)P (OCH 92+ > new singlet in the O-methyl region (5 4.47) which In-
AR —c(enpa creafed with time, In the fluorine si)ectrum a new

HoyPocasr o ioye. SINQIEL agpeared at —30.0 ppm.  In this case also It IS

Cenme sug ested that the methy| groups are cleaved off to form

t uorosulfonate (Irteraturev lues for FSOLHS:

By varying the FSO3H/ShF5ratio ( changrn the acid ~ ;H shift 54,12, 1% sh %j Hr fe observa-
?tren t1) and tem&tetr ature, a difect qbua litafive corre-  flons are similar to the finding 't at methyl and ethyl
ation of the rate of ormatrono f utyl cation with  fluorosulfonate can r(mre ro uorosulfuric
acld stren%th and temper ure waso serv aCId and Ahe oor[]es nonding dialkyl sulfates.d)
It seems clear th at carbon-oxygen bong cleavage jn nstu the formation ofprotonated hos honic
Protonated trralkt(lp osphates and phosphites Is facill-  acid Poy |rec 3P nmr s ectrgsco% gat 24.3 MHz), 1t
ated by the abili ofthe alky Isubstrtuentsto leave as Was und . that rotonaed onic acl |n fluoro-
carb onrum Ions, FS the or er {ri-n- utyI < trilso-  sul urlc acrd n er 0es, urt er reactro[r at room tem-
F opyl < trirferf-butyl was observed for ease of cleava?e eraure mrnr Was completely converted
naccordane ith, erel%rve sta rIrtres oftecor nto sphorus fuorrde (3P sp trugr a ( uarte(s
spond mg )6 cations. The Instability of the proton- cente 3ﬁectrum adoublet centere
ate J ferf UY comﬁ]unds 1S especra to e%x at +905 gf mr arameters
ecte gerf- pate Is known to hydrolyze are igentical with 1 ose obtarned when 0SphaQrus oxy-
an n rocesseeﬁJ quorrdewsdr solved rn quorosquurrc acrd The pro-
arming 0 the protonated trnsopropvl phos-  tonated ln 0 onrc enerate from protonated
hate and ghosphqte solutrons bove Dr ﬁe temPera- trimeth ﬂ Y é ty grou cleavage also
ure resulted in't pmrsr na of the methine proton  reacts with fluo osu furcac 0f orsox
c angrn from a doublet o seBtets 0 a single septet fluoride (the only product obs(jerved fter 8 days at
the cou ling bet gveen ]phosphor san tem thine pro- ~ room tem eratH Pro{onat SE Inic acr eacts
ton disappeare he new met methine {0 give RSp Us_oxyfluoride, ‘w g cou 9
resonances 1.73-1.74 and 5.54-5.55, respectwely ser ed i te IQF spec rum of the fluorosylfuric acrd
6.2 Fiz), 2 well as the a peararice_in the %dtronaterz 5. In these cases the fluorinating
fluorine nmr specfium of a new sindlet at —37.6. to  ability of fluorosulfdric acid is an important factor.d
—37.7 ppm (relative to external CCI % suggest that

(30) M. G. Ahmed, R. W. Alder, G. H. James, M. L. Sinnott, and M. C.
(28) E. Wiberg and G. Mtiller-Schiedmayer, Z. Anorg. Allg. Chem,., 308, W hiting, Chem. Commun., 1533 (1968).
352 (1961). (31) For example, phosphorus pentoxide in fluorosulfuric acid produces
(29) A. Lapidot, D. Samuel, and M W eiss-Broday, J. Chem. Soc., 637 phosphorus oxyfluoride in good yield: E. Hayek, A. Aignesberger, and A.
(1964). Engelbrecht, Monatsh. Chem., 86, 735 (1955)
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Experimental Section

Materials.—Potassium dihydrogen phosphate, diammonium
hydrogen phosphate, 85% aqueous phosphoric acid, tri-ra-butyl
phosphate, phosphonic acid, trimethyl phosphite, triphenyl
phosphite, di-n-propyl phosphonate, di-n-butyl phosphonate,
50% aqueous phosphinic acid, and phosphorus oxyfluoride were
commercially obtained and purified by standard methods.
Triethyl phosphite, triisopropyl phosphite, and tri-n-butyl phos-
phite were prepared by reaction of phosphorus trichloride and
the appropriate alcohol in the presence of a tertiary nitrogen
bases432 and distilled under reduced pressure. Trimethyl phos-
phate, triethyl phosphate, triisopropyl phosphate, and triphenyl
phosphate were prepared by nitrogen dioxide oxidation of the
corresponding phosphite.3s The procedure for the preparation of
tri-ierf-butyl phosphite from phosphorus trichloride and ieri-butyl
alcoholss initially yielded, as had been reported, a mixture of tri-
ierf-butyl phosphite and di-ierf-butyl phosphonate, along with a
smaller amount of tri-2erf-butyl phosphate. Commercially avail-
able fluorosulfurie acid and antimony pentafluoride were twice
distilled before use in the preparation of solutions.

Nmr Spectra.—Prnr spectra were recorded with Varian Asso-
ciates Models A-60, A-56/60A, and HA-100 nmr spectrometers.
Proton chemical shifts are reported in parts per million (5) from
external (capillary) tetramethylsilane. Fluorine nmr spectra
were taken with the A-56/60A spectrometer operating at 56.4
MHz; fluorine chemical shifts are reported in parts per million
relative to external fluorotrichloromethane. Direct phosphorus
nmr spectra were obtained with a Varian Associates HA-601L
nmr spectrometer operating at 24.3 MHz and equipped with a
Model V4331A probe. Samples were contained in 12- or 13-mm-
o0.d. thin-walled polished spinning tubes. A 5-mm-o.d. polished
tube containing the reference material was inserted in the sample
tube and maintained in a concentric position by two specially
constructed Teflon inserts. Normally 85% phosphoric acid was
used as the reference material; for samples (especially phosphates)
whose resonance signals were masked by phosphoric acid,
additional spectra using aqueous phosphonic acid (acid mole frac-
tion y 6) and triphenyl phosphite as references were obtained. All
phosphorus chemical shifts are reported in parts per million
relative to 85% H3PO(. Whenever possible, direct 3P spectra
using 85% H3P 04 as the reference material were frequency swept
under conditions of field-frequency stabilization. Otherwise,
field sweep spectra calibrated by audiofrequency side-band
modulation were obtained.

For obtaining phosphorusin ¢ o  spectra (which include all of the
low-temperature spectra), the HA-100 spectrometer was operated
in the internal lock, frequency sweep mode, the first upper side-
band of capillary TMS being used for the lock signal. The sweep
40.48-MHz frequency required for 3P irradiation was obtained
from the 20-MHz and 480-kHz outputs of a Monsanto Model

(32) A. H. Ford-Moore and B. J. Perry in “Organic Syntheses,” Collect.
Vol. IV, N. Rabjohn, Ed., Wiley, New York, N. Y., 1963, p 955.

(33) J.R. Cox and F. H. Westheimer, J. Amer. Chem. Soc., 80, 5441 (1958).

(34) V. Mark and J. R. Van Wazer, J. Org. Chem., 29, 1006 (1964)

Olah and McFarland

3100A Digital frequency synthesizer; the 20-MHz frequency was
doubled and added to the 480-kHz output in an NMR Specialties
Model SD-60B mixer and amplifier. The resultant frequency was
fed to the probe VIa an attenuator and double-probe adapter and
was monitored with a Hewlett-Packard Model 5245L electronic
counter. The observing frequency (100 MHz) was determined
using the same counter equipped with a Model 5253B frequency
converter plug-in unit. 3P resonance frequencies to + 1 Hz were
obtained by monitoring a line in the proton spectrum known to
arise from proton-phosphorus coupling, and varying the fre-
quency synthesizer output and attenuation until minimum peak
height was found. The 3P chemical shifts were calculated with
respect to 85% H3PO< as reference using the equation

5P = [(,.,/2.4703089) —/i] X 106(p02.4703089)

where Vjj is the sum of the observing frequency (derived from the
V4311 unit) and the lock modulation frequency, and /i is the
measured 3P frequency. This equation holds only for upper
side-band operation using TMS lock; it was derived from experi-
mentally determined \W//ij ratios for trimethyl phosphate
(2.4703029) and 30% (w/w) aqueous phosphonic acid (2.4702969),
and from the 3P chemical shifts of these compounds (—2.3 and
—5.0 ppm, respectively) determined from direct phosphorus
nmr spectra.

Preparation of the lons.—Phosphorus compounds were dis-
solved in a (usually) tenfold molar excess of fluorosulfurie acid or
fluorosulfurie acid-antimony pentafluoride solution with stirring
and cooling to generate the protonated species under conditions
similar to those described previously.i:

The laser Raman spectrophotometer which was used has been
described previously.s

Reé;istr% No.-P(]_(I)H)4+, 26902-99-3; HP%OH 3
802-21-5: HP(OH)2+, 21862-20-4: HOP(OCHJ3+,
-50-9; (0 6-3 ) OP(0-t-
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Some Reactions of Dimethylphosphono-Substituted Diazoalkanes.
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Transfer to Olefins and 1,3-Dipolar Additions of (MeO)Z2 (0)C(N2R1
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The dimethylphosphono-substituted diazoalkanes PhC(N2)P(0)(0OMe)2 and N2CHP(0)(0Me)2 have been
prepired, the firstVia the tosylhydrazone route, and the second by diazotization of the amine, and both could be

isola;ed as the pure compounds.

Their copper-catalyzed decomposition in the presence of olefins serves well
in the preparation of dimethylphosphono-substituted cyclopropanes.

Dimethyl a-diazobenzylphosphonate was

found to react with triphenylphosphine to give the phosphazine and to methylenate mercuric chloride. 1,3-
Dipclar addition to acrylonitrile, methyl vinyl ketone, and diethyl maleate gave stable A>-pyrazolines, and 1,3-
dipo ar additions to two vinylphosphonate esters were carried out in such a manner that the pyrazolines were

deco nposed to the cyclopropanes.

Protolysis reactions of both diazo compounds are described and dimethyl

diazomethylphosphonate could be metalated with mercury(ll) and silver(l) acetylacetonates.

ve reported recently concerning the prepara-
tron anéi c0 pFe)r catal yze de/com osrtroﬂ of apnuﬁr%
fu strtute a dimeth Ipos onodrazoakane323
In al these examples the inte medrate carene, (MeO)Z
gn% or its Cu g compl & underwent rapi
tramolecular rearrangements, and attempted tra prngof
the divalent carbon Species with olefinic substrates was
not successtul, We report here concernrnr{r twQ such
reagents which are useful drvalent carbon rans er re
agents, drmethyl adrazometh hos onate
POQCHN imethyl a azo néy hos onate
Me0)2 (0 C{N%CGHS AIsodescrr aeso ?t er
pes of ‘réactiorls of these diazoalkanes and of di-
@ﬁtgyl a-diazoethylphosphonate, (Me0)2(0)C(N2-

Results and Discussion

Preparation of the Diazoalkanes.—The preparation
of di ethyladrazoethmhos honate already has been
descrr ed.2 A ver rocedure, roor-tempera-
ture decomposrtron of the p-toluenesulfonylhvdrazone
sodium salt, vas used in the synthesis of the a-diazo-
benzylphosphonate ester (eq” 1). This compound

/ NNHS0Z8H4Vie-p
Phi/
NP(0)(0Me)2

PhCP(0)(0M3)2 P-Me(W<s® 2NHNH-L

0
INa2C03(aq)

-N=N @
hcC
~P(0)(0OMe)2

was |solated as an oran ? crystalline solrd m% 44 0-
which was unusually stable, "It could e drs
tilled'at reduced gressure and was stahle mdefrnr(s
room temp eratur [t was recovered unchange a ter
hts Benzene solution had been heated at refl ur}
ut underwent complete decomposition when thrs

(1) Preliminary communications
Marmor, J. Amer. Chem. Soc., 89, 4811 (1967); (b) D. Seyferth an
Marmor, Tetrahednn Lett.,, 2493 (1970).

(2) D.Seyferth and R.S.Marmor, J. Org. Chem., 36, 128 (1971)

(3) A brief survey of the literature s-substituted diazo
alkanes is given in n 2 an

(a) D. Seyferth, P. Hilbert, and R. S
d R. S.

of phosphoru

d will not be repeated here

treatment was carried out in the Rresence of copPer
Powder Pure (MeogZP(O)C(N% could be heated
0 140° before evolution of a gas became agparent and
decomposition was not complete even at 19

different synthetic se uence was employed in the
pregaratron of drmethg |azometh Ip ho%Phonate De-
cause of the nonexrst nce and pr sume

Instabilit
of the required carbonyl precursor [HCOP ;
o HP 03 OMe)2 + %Oﬁ EScheme 1). 1(Re inte
scHeEME |

HBr

[O X CHClj

_n<W)H

(46%)

mediate drmethyl aminomet fyIphos honate was {00
unshablet tfe Isolated In the free fo l%ut was stable
as the unisolated acetate in solution. The presence of
this amine In solution was demonstrated by the prepa-
ratron of |tsA tosyl derrva%ve
|mei diaz methgev %honate Waf isolat ed as a
drstrllabegellow liguid which was stable indefinitely
when ?]torg er tor,
Imet ){ Pono -substituted diazoalkanes
reacted as expected with acids and with triphenylphos-
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ﬁhme L 2 and 321 Dimethyl dlazomethylphos?ho
ate could be metalated:  with’silver acetylacetonate to

(MeO)2P(0)CHXPh
(Me0)2P(0)C(N2Ph

(MeO)2P (0)C=N— N=PPhs

(X = CI,0Ts, OAC) Ph @)
, HX > (Me0)2P(0)CH2X

(Me0)2P(0)CHN2 PP > (Me0)2P(0)C=N— N=PPh3

H ©)]
(X = OAC)

ve a surprlsm%ly stable silver derlvatlve as a yellow
owd ere mercuric acetylacetonate to ?I e the
ercurial, Hg[C(NJP(0)(OM€)22  The well-known
methylenatior of mércuric halides by diazoalkanesdb
also could be effected using dimethyl a-diazobenzyl-
phosg)honate but the yield™of pure product was low

(eq4

(MeO)2P(0)CN2 + HgCl2

Ph
Cl

(MeO)zP(O)é-HgCI + N2 (4)
Ph
Preparation of Dimethylphosphano-Substituted C
clopr panes—Decom 03|8 P z f C? F}/h
and (Me QZP(O) 2 In the rese ce of ‘copper
Bowder and an ‘excess of an olefin produced cyclo
ropanes.

Ph. ,P(OXOMe)2

RCH=CH;,Cu

PhC(N2)P(OXOMe)2 o (5)

R
&an, MesSiCH2
P(0)(OMe)2
PhC(N2)P(OXOMe)2 (6)

Dimethy IdlazomethX Phospho ate l#nderwent diva-
lent ¢ (frbon tra %fer ctions wit % r]swe htwas
st|rre at 0° with a lar eexcesso the 0 (J loro-
methane %s a cosolvent, and co owader. In the
absence ¢ dlchloromethanete e were markedly
Iﬁwer owing to the Iows |ubility of the dlaZOPIhane In
evarlousoefms éerea tion with cyclohexene,
foyper pow%er Was otm e the mO%t effective cata-
t, giving higher yields and less tar thay |n reactlons
poyln%co per(I chloride an copPerII acetylace-
t0r+ahte cI mells(ljjmm%rlzest etse“e]s% fs. t
e available evidence6 suggests that copper-cata-
lyzed di zoaﬁEane reactions n%]\gofve mtermepPate car-
ene-Cu(l) complexes, and th at It 15 these which react
with the olefin t0 form ecco ro ane In the pres-
ent exam es tg Posm (g the 0lefins via
a13d|p ar addition of the diazo aetoteolefm

(4) L. Hellerman and M. D. Newman, J. Amer. Chem. Soc., 54, 2859
(1932).

(5) D. Seyferth, Chem. Rev., 56, 1155 (1955).

(6) W. Kirmse, “Carbene, Carbenoide und Carbenanaloge,” Verlag
Chemie, Weinheim/Bergstr., 1969, Chapter 5.

Seyferth, Marmor, and Hilbert

followed by decomposition 0[ the res%tlng A*- gvr
zoline to the cyclopropane also must be consid
The latter course Is rather unI|keI snce we are dealln%
with unactivated (toward 13 dipoles) olefins. Wit
activated olefins, (see below), the latter course most cer-
tainly is operative, For the examples glven above,
however, aﬁarbenmd pr?cess |sthe most | %

During the course of this study dimethyl a-diazo-
3,b-diméthoxybenzylphosphonate (1) also was pre-

pared, but its cgemlstry was not mvestl?ated Its
copper-catalyzed decomposition gave a complex product

mixture.
1,3-Dipolar Additions.—Djmethy| a-diazoethylphos-
phonate underwent 1,3- leolar ad |t|0n reactlons with
ethyl_acrylate, acrylonitrile, and m mX etone
to. “give ‘the corrgsponding dlmety h0?0n0 sub-
stitited Apyrazoline (eq 7). These adducts were not

CH3CP(OXOMe)2 + ch2 chy

(Y1:cn, cooet, come)
+N,

N — Y N=

HNv )

- Vv
CH3  P(OXOMe)2 ch3  P(OXOMe)2

table on storage af room tem erat re, presum
Because of t;wel abﬁlt to rever to t e Ap yrazolin

an los ? Yf]IUO e tOO‘OFTf]nera C}g) %Pet%)a]ne C(?Ir;itZaO mte

nates We 3|mllar reactlvn tQwar aCtl-
i f?eeeee% L

eth a-styrylphos hon te, azolines de
fromythe Y\/\yopdqla?kylp 0sphono-s [)st?tute [e ins
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Table 1

Products D erived from D imethylphosphono-Substituted D iazoalkanes

Obtained from reaction Bp, °C €-carbon, % — - Hydrogen, % —-
Compound Registry no. with (% yield) (mm) Mp, °C n 25d Caled Found Caled Found
A. From PhC(N2)P(0)(0Me)2
PhCHCIP(0)(OMe)2 16965-75-6 HC1 (86) 105(0.07) 1.5276 46.07 46.28 5.16 5.36a
PhCH (OACc)P(0)(OMe)2 16965-84-7 HOAc (79) 74 (0.03) 1.5010 51.16 50.91 5.86 5.96
PhCH(0Ts)P(0)(0OM e)2 28446-79-9 p-CHaCcHiSOaH (71) 86-87 51.89 51.72 5.17 5.28
PhjP=NN=C(Ph)P(0)(OMe)2 16965-77-8 PhaP (20) 132-133 66.39 66.50 5.37 5.69
PhC(CI)P(0)(OMe)2 16965-74-5 HgCh (8) 151 23.01 23.32 2.36 2.51b
|
HgcCl
16965-86-9 187.5-188.0 54.55 54.29 5.60 5.67
O"TIOXOMe), 0 0 crude
~ r x Ph 28446-82-4 95 274-275 61.89 62.16 . 6.92
;\>"P(0)(0H)2 ¢35 6.79
n*CjHM
> X Fh 16965-85-8 n-CsH iiCH=CH 2(73) 108 (0.04) 1.5025 64.84 65.01 8.50 8.63
N poxoMe)2
Me, ,SiCH2-
N Fh 28446-84-6 MeiSICH2CH =CH 2(76) 109-111 (0.02) 1.5050 57.66 57.43 8.07 8.01
u T(OXOMe)*
NC. H,
W J /Ph 28446-85-7 CHj=CHCN (90) 137.5-138.5 51.61 51.97 5.05 5.00
1'N~"P(OXOMe)2
H
EtOOCH XOOEt
3 T 16965-78-9 HC— COOEt (46) 148.5-149.0 51.25 51.48 5.82 5.88
1
'N~P(OXOMe)2 HC—COOEt
H
°\
o
n
16965-76-7 CHACHCMe (92) 70 52.69 52.88 5.79 5.79
"NAPfOXOMe),
H
(EtOVOP h
28446-88-0 CH2CHP(0)(0OELt)2 >100 (0.10) 1.5078 49.73 49.64 6.68 6.62
APfOXOMeX (°0)
28446-89-1 CH2- C(Ph)PO'OMe)2 190 (0.04) 100-125 55.61 55.39 5.90 6.31
ph> x ph (30)
(MeO),(0)P IA"pAXOMeX
B. From HC(N2)P(0)(OMe)2
AcOCHZ2P (0)(OMe)2 24630-57-7 AcOH (78) 63 (0.08) 1.4295 32.97 32.88 6.09 6.38
Ph2P =N N=CHP(0)(OM e)2 27491-71-0 Ph3P (12) 132-133 61.16 61.12 5.38 5.30
Hg[C(N2P (0)(0OM e)2]2 27491-73-2 Hg(acac)2 (80) 106.5-107.0 14.45 14.65 2.43 2.56
28446-93-7 0 1 39 61-63(0.02) 1,4721 52.93 52.50 8.39 8.33
O~PfOXOMe), (39
n*CsHn
v 28446-94-8 ri-CéH nCH=CH 2(55) 63-65 (0.03) 1.4439 54.33 54.14 9.61 9.59
A"P(OXOMe)2
MgSICHN
. 28446-95-9 MeaSiCH.CH— CH2(67) 55-57 (0.02) 1.4489 45.74 45.63 8.96 8.92
AT(OXOMe)2
Me
26580-16-5 Me2C =CH 2(14) 52(0.90) 1.4369 47.19 47.01 8.49 8.49
Me P~A"oxoMe),
C. From CH3C(N2)P(0)(0OMe)2
0
1 o
H. 1
6.72
Me u JLMe 16965-81-4 CH2=CH — CMe (100) 111-112 41.04 41.35 6.45
NANAP(OXOMe),
H
NCA H
. 5.57 5.76
16965-83-6 CHAMACHCN (100) 89-92 38.71 38.80
N P(OXOMe)2
H
EtOOC
120-123 40.91 40.52 6.49 6.57
n - M 16965-82-5 CH2CHCOOELt (98)
N P(OXOMe),
H

“Cl. caled, 15.11; found, 14.76. *CI: caled, 15.10; found, 14.93.
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Tabile ”

Seyfebth, Marmor, and Hilbert

Spectroscopic Properties of Products D erived from D imethylphosphono-Substituted D iazoalkanes

Compound

PhCHCIP (0)(OMe)i

PhCH(0Ac)P(0)(0Me)j
PhCH(0Ts)P(0)(0Me)2

Ph:,P=NN=C—P (0)(0M )2

Ph
PhC(CI)P(0)(OMe)2

Ph
0 )0 M2

Fh
POOH2

n-C-.H,

> X P

APiO.YOMe),

PH
ROXQVE:2

NC
Y -tiv
AN-TIOXOMe),
H 3

(@HCHO)A0P_ H

Pha
T X PlCXO\éE),

> X X Ph
<N«°)p (fS(OXOMe)2
b

ACCHPOOOM),
FheP=NIN=CHP(OXOMe2
a e

HFQN)ROXOMEZ2

“\)é’\Olf_BOXO Mda)z

nGH
§_|X ROOVEX

Nmr (solvent), 5 (ppm)

(CCh) 350, 3.74 (two d, 6,J = 10.5 Hz), 4.97
(d, 1,J = 14Hz), 7.17-7.65 (m, 5)

(CC142.02 (s, 3), 3.52,3.58 (two d, 6,J = 105
Hz), 6.13 (d, 1, J = 135 Hz), 7.17-7.67
(m, 5).

(CDC13 2.24 (s, 3), 3.47, 3.52 (two overlapping
d, 6,/ = 105Hz),5.62 (d, 1,J = 155 Hz),
6.9 7.6 (m,9)

(CDCI3), 0.2-1.3, 1.5-22 (m, 10), 3.58 (d, s,
J = 105 Hz), 7.28 (s, 5)

(CCl4) 0.2-2.0 (m, 14), 351, 3.57 (two d, s,
J = 105Hz), 7.25 (s, 5)

(CCls) 0.00 [s, a (major isomer)], 0.02 [s, a
(minor isomer)], 9], 0.5-1.9 (m, 5, b, ¢, and
d), 352 [d, 6,/ = 11 Hz (major isomer;
minor isomer seen as a doublet shoulder), f],
7.23 (s, 5, €)

(CDCls) 2.8-3.9 [m with two d at 3.58 and 3.63
(J = 10Hz, a), 8, aand b], 7.26 (s, 5, d), 8.64
(s.1,€)

(CDClI3)0.81 (t, 3,7 = 7Hz, bore), 1.29 (t, 3,
7 = 7Hz,bore), 368 (t, 6, 7 = 11 Hz, g,
coincidental overlap of two d), 4.26 (quar-
tet, 4,/ = 11 Hz, aandf), 3.0-4.6 (underly-
ing peaks distorting major peaks, 1, d), 4.90
(impurity, 0.5), 7.32, 7.58 (two broad s, 5,
Ph), 851 (s, 1, ¢)

(CDC13 2.40 (s, 3, @), 3.62, 3.68 (two d, 7 =
10.2 Hz, d, 6), 2.9-4.2 (complex underlying
pattern, 2, b), 7.2-7.6 (m, 5, c), 8.13 (broad s,
1,€)

(CC14 0.75-1.95 (m with max peak at 1.32,9, c,
d, and f), 3.3-4.3 (m, 10, b and e), 6.9-7.5 (m
with max peak at 7.15,5, a)

(CDC13 2.33 (t with underlying peaks, J =
14.5 Hz, 2, b), 2.98, 3.20, 3.64 (three d with
underlying peaks, 7 = 11 Hz, 12, a), 7.2-7.8
(mwith max peak at 7.36,10, c)

(CO.) 212 (s, 3), 3.78 (d, 6, J = 10.5 Hz),
437 d, 2,) = 85Hz)

(CbC13 354 (d,6,J = 105Hz, ¢), 7.1-7.7 (m,
16, a + b)
(CDCls) 3.80 (d, / = 115 Hz)

(CCh) 0.43 (quartet, 1, 7P = Jb¢ = 5 Hz, ¢),
1.1-2.2 (m with max peaks at 1.23 and 1.75,
10,aandb), 3.60 (d, 6,/= 11 Hz, d)

(CCh) 0.3-1.7 (m with max peaks at 0.90 and
1.36, 15), 3.65 (d, 6,J = 10.7 Hz)

Ir (medium), cm "1 (principal bands)
(Neat lig) 1265 (s, P=0), 1185 (m), 1030
(s, POC)
(Neat lig) 1755 (s, C=0), 1265 (s, P=0),
1025 (s, POC).

(Nujol) 1370 (s, S02, 1260 (s, P=0), 1175
(s, S02, 1030 (s, POC)

(Nujol) 1240 (s, P=0), 1110 (s, P=N),
1020 (s, POC)

(Nujol) 1225 (s, P=0), 1035 (s, POC)

(KBr) 1250 (s, P=0), 1030 (s, POC)

(Nujol) 1210 (m), 1180 (m), 1135 (m),
1010 (s, POH), 705 (m)

(Neat lig) 1260 (s, P=0), 1040 (s, POC)

Neat lig) 1250 (s, P=0 and MesSi), 1030
(s, POC)

(Nujol) 3205 (m, NH), 2210 (m, C=N),
1225 (s, P=0), 1020 (s, POC)

(Nujol) 3205 (m, NH), 1735 (s, COOCID-
CH3, 1725 (s, COOCH2CHs), 1050 (s),
1020 (S)

(Nujol) 3220 (s, NH), 1660 (s, C=0),
1230 (s, P=0), 1030 (s, POC)

(Neat lig) 1250 (s, P=0), 1025 (s, POC)

(Neatlig) 1250 (s, P=0), 1030 (s, POC)

(Neat lig) 1755 (s, C=0), 1220 (s, P=0),
1040 (s, POC)

(Nujol) 1290 (s), 1240 (s), 1110 (s, P=N),
825 (s), 720 (s)

(Nujol) 2070 (s, C=N=N), 1245 (s, P=0),
1020 (s, POC)

(Neatlig) 1250 (s, P=0), 1030 (s, POC)

(Neat lig) 3060 (w), 1245 (s, P=0), 1030
(s, POC)
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Tabte Il (Continued)

Compound

(CC14 0.06 (s, 9, @), 0.25-1.25 (m, 6, b, €, d, and
re e), 3.64 (d, J = 10.7 Hz, minor isomer), 3.65
= 10.7 Hz, major isomer), 6, f]

P(O(O\/E), [dy J

Me My, (CCh) 0.3-1.3 (m with max peaks at 0.70, 3, ¢
and d), 1.14 (d, 3, JP = 2.2 Hz, aorb), 1.29

Nmr (solvent), 5 (ppm)

Ir (medium), cm "1 (principal bands)

(Neat lig) 3060 (w), 1250 (s, P=0 and
MesSi), 1030 (s, POC)

(Neat lig) 3060 (w), 1250 (s, P=0), 1030
(s, POC)

¢'T(OXOMe). (s, 3,aorb),3.64 (d, s,/ = 10.7Hz, e)
b (CDCI3) 1.46 (d, 3,J = 15Hz, 3),2.39 (5,3,a), (Nujol) 3225 (s, NH), 1655 (s, C=0), 1240
288(d, 1,/ = 115Hz b), 320 (d, 1,J = (m, P=0), 1025 (s, POC)
MXY - SMa Hz, c), 3.83and 3.86 (two d, 6,/ = 10Hz, f),

7.85 (broads, 1, €)

(\%)

(CDCb) 1.33(t, 3,J = 7Hz,b), 1.46 (d, 3,J =
145 Hz, ), 2.95 (d, 1,/ = 13 Hz, d), 3.28 (d,
\,J = 20Hz, e), 3.81, 3.85 (two d, 6,J = 10

(CDCb) 148 (d, 3, J = 15 Hz, c), 2.77, 3.04,
341 (threes, 2, b), 3.82, 3.84 (two d, 6,/ =
10Hz, d), 7.66 broads, 1, a)

(Nujol) 3215 (s, NH), 2220 (s, C~AN), 1220
(s, P=0), 1045 (s, POC)

(Nujol) 3220 (s, NH), 1725 (s, C=0), 1240
(s, P=0), 1050 (s, POC)

Hz, g), 432 (quartet, 2, ] = 1 Hz, a), 6.54

NN P(OXOMe)2
(broads, 1, ¢)

decomposed smaothly on distillation to cq]ve the cyclo-
propanes 11 and_[11} respectively, which contain”two
phosphorus substituents.

Ph. P(OXOMe)2 Ph. <P(0)(OMe)2

P(OXOEt)z P(OXOMe)2

m

The results descrlbed here thus show (MeO P&O)C

SX R (R = H, Ph, and Me) to be use ful reagents for

hospho s synt eses es ecial ly e syn-

the3|s of phosphords-su stltute c?/ opropanes, In

view of the widel varled reactlvn% thelr di azoalkz%ne

function, t hey should serve In the preparation of a
wide variety of organophosphorus compounds.

Experimental Section

General Comments.—All reactions involving preparation or
use of the dimethylphosphono-substituted diazoalkanes were
carried out under an atmosphere of prepurified nitrogen. Infra-
red spectra were recorded using Perkin-Elmer Infracord 237B
and 337 grating spectrophotometers, nmr spectra using Varian
A-60 or T-60 spectrometers. Chemical shifts are given in ppm
downfield from internal TMS (5 units). Melting points are un-
corrected. All gas-liquid partition chromatography (glc) was
carried out using an F & M gas chromatograph.

All the products derived from the dimethylphosphono-sub-
stituted diazoalkanes, together with their physical properties and
analytical data, are listed in Table I. Their spectroscopic proper-
ties are given in Table II.

Preparation of Dimethyl «-Diazobenzylphosphonate.—A solu-
tion of 186.2 g (1.0 mol) of p-toluenesulfonylhydrazine in 1 1. of
THF in a 4-1. flask was chilled to 0°, and 37 ml of concentrated
HC1 (0.5 mol) was added. The resulting solution was stirred
in an ice bath while 214.2 g (1.0 mol) of dimethyl benzoylphos-
phonater (nZD 1.5248) was added over a 5-min period. The
flask was stoppered and the mixture was allowed to warm to room
temperature over a e-hr period. The resulting heavy white
precipitate was filtered and dried to give 304.9 g of solid, mp 168-
169° (dec). The mother liquor was evaporated overnight at
room temperature under an air stream to give a second crop, 47.6

(7) K. D. Berlin, D. M.
Chem., 30, 1265 (1965).

Helhvege, and M. Nagabhushanam, J. Org.

g, mp 165-166° (dec); the total yield thus was 92%. Recrystal-
lization from methanol gave an 84% recovery of pure product,

mp 173-174°.
Anal. calcd for CisHidN©5SP: C, 50.25; H.5.01. Found:
C, 50.28; H, 5.04. Nmr (CDCb): 5 244 (s, 3, Ar CH?J),

373 (@, S,J = 11 Hz, POCH3), 7.1-7.9 (m, 9, aryl), and 8.4
ppm (broad s, 1, NI1).

A suspension of dimethyl benzoylphosphonate p-toluene-
sulfonylhydrazone (21.35 g, 55.9 mmol) in a solution of sodium
carbonate (6.05 g, 57.0 mmol) in 100 ml of distilled water was
stirred at room temperature for 15 hr, during which time the
hydrazone slowly- dissolved and the solution became orange and
opaque. The mixture was extracted with two 100-ml portions of
diethyl ether, each portion being washed with 50 ml of water.
The combined ether extracts were dried (Na2So4) and evaporated
to a volume of 50 ml. The concentrated ether solution was
chilled slowly in a —78° bath with scratching of the flask sides.
This procedure gave 9.14 g of orange crystals, mp 38-42°. The
mother liquor was concentrated to 20 ml and 20 ml of pentane
was added; on chilling, a second crop of 2.70 g, mp 38-40°, was
obtained, giving a total yield of 94%. Recrystallization from
diethyl ether at —78° gave pure product (93% recovery), mp
44.0-44.5°.

Anal. calcd for CaH,N203sP: C, 47.78; II, 491. Found:
C, 47.84; H, 5.03. Nmr (CCh): S$3.67 (d, 6,/ = 11.7 Hz,
POCH3), 6.9-7.4 ppm (m, 5, aryl). Ir (lig film): 2950 (m),

2825 (m), 2975 (s, C=N=N), 1600 (m), 1500 (m), 1295 (s),
1265 (s, P=0), 1185 (s), 1025 (s, POC), 830 (s), 755 (s), and
685 (m) cm-1.

Preparation of Dimethyl Diazomethylphosphonate. A.
Bromomethylphthalimide.—An improved procedure is reported.
A suspension of hydroxymethylphthalimides in 3 1 of chloroform
was stirred and refluxed gently in a 5-1. flask while gaseous hydro-
gen bromide (Matheson) was admitted through a submerged
fritted glass gas inlet tube at a moderate rate for 2 hr. After 25
min the mixture became homogeneous, and after 70 min gas was
no longer being absorbed rapidly. The solution was poured (while
still warm) into a separatory funnel and the lower aqueous HBr
layer was discarded. The organic layer was extracted with 500
ml of warm water (color change from orange to white). The
organic layer then was dried (Na2S03), filtered through Celite,
and evaporated at reduced pressure. The crystalline residue was
recrystallized from 2.1 1 of acetone to give 577 g of thick white
needles, mp 150-152°. The mother liquor was concentrated to
give a second crop of 82 g, mp 150-151°. The total yield was
659 g (92%), lit.9 mp 148°. It must be emphasized that an
adequate excess of HBr must be used in the above procedure;
if this is not done, the yield is greatly reduced. Other routes to

(8) S.R.Bue,J. Amer. Chem. Soc., 69, 254 (1947).
(9) G.W . Pucher and T. B. Johnson, ibid., 44,817 (1922).
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this product were tried (via HBr and H2S04 and Via PBr3i,
but the yields obtained were not so high.

B. Dimethyl Phthalimidomethylphosphonate—A 2-1. flask
equipped with a reflux condenser and a stirrer was charged with
240 g (1.0 mol) of bromomethviphthalimide, freshly distilled
trimethyl phosphite (136.5 g, 1.1 mol), and 400 ml of xylene.
The flask was swept with nitrogen and heated slowly to near re-
flux, at which time a vigorous but controllable reaction ensued.
Heating was discontinued at this point and continued after the
initial exothermic reaction had subsided. The reaction mixture
was heated at reflux for 5 hr, then 300 ml of solvent was dis-
tilled away, and the remaining solution was allowed to cool over-
night in asealed flask. The crystalline product which had formed
was collected, heated in 300 ml of dry ether for several hr, filtered
again, and dried under vacuum to give 232.5 g of product (87%),
mp 113-117° (prior softening). Several recrystallizations from
ether and a final recrystallization from CHCI3CCh afforded an
analytical sample, mp 117.5-119°.

Anal. cCalcd for CnHi2NOsP: C, 49.08; H, 4.49. Found:
C, 48.98; H, 4.45. Nmr (CDC13: S$3.85 (d, 6,J = 10.7 Hz,
POCH3), 4.14 (d, 2,] = 115 Hz, NCH2P), 7.8 ppm (broad s, 4,
aryl). Ir (Nujol mull, principal bands): 1720 (C=0), 1465,
1405, 1385, 1310, 1250 (P=0), 1190, 1070, 1050, 1020 (POC),
910, 840, and 715 cm-1.

C. Dimethyl Diazomethylphosphonate.—A solution of 53.8 g
(0.20 mol) of dimethyl phthalimidomethylphosphonate and 95%
anhydrous hydrazine (0.21 mol) in 400 ml of methanol was stirred
at room temperature under nitrogen for 45 hr. Then 20 ml of
acetic acid was added and the mixture was stirred 5 min longer
and filtered. The precipitated phthalhydrazide was dried, 29.7 g
(92%). The filtrate was evaporated at reduced pressure and the
residue was dissolved in 50 ml of acetic acid. A solution of
sodium nitrite (21.7 g, 0.30 mol, in 50 ml of water) was added
dropwise over 5 min while the flask was being swirled in an ice
bath. The flask was kept in the ice bath, with occasional
swirling, for another 5 min, and then 53 g of sodium carbonate was
added slowly in portions, followed by 200 ml of ice water. The
reaction mixture was extracted with three 100-ml portions of di-
chloromethane. The combined organic layers were extracted
with 100 ml of saturated NaH CO0s3 solution, dried (Na2SCh), and
concentrated at reduced pressure. The orange liquid residue
was short-path distilled to give 13.77 g (46%) of the diazo com-
pound, bp 59° (0.42 mm), as ayellow liquid, N 2D 1.4585.

Anal. cCalcd for C3H7N203P: C, 24.01; H, 4.70. Found:
C, 23.73; H, 4.85. Nmr (neat): 5373 (d, 6,/ = 115 Hz,
POCH3), 4.49 ppm (d, 1, J = 10.7 Hz, PCH). Ir (lig film):
3075 (w), 3020 (w), 2960 (m), 2860 (m), 2110 (s, C=N=N),
1760 (s), 1660 (w), 1465 (m), 1300 (s), 1250 (s, P=0), 1185 (m),
1160 (sh), 1030 (POC), 915 (w), 830 (s), 770 (w), 735 (w), and
710 (w) cm-1.

The intermediacy of dimethyl aminomethylphosphonate was
demonstrated in the following manner. A solution of dimethyl
phthalimidomethyl phosphonate (8.7 mmol) and a slight excess of
95% anhydrous hydrazine in 15 ml of methanol was stirred at
room temperature for 15 hr, as in the preparation above. The
precipitated phthalhydrazide was filtered and the filtrate evap-
orated (near room temperature) to leave a yellow oil. Since
acetic acid was not added as it had been in the diazo compound
preparation, the free amine was present after evaporation of the
solvent, and it was necessary to not allow the temperature to rise
much above room temperature to prevent exothermic decom-
position of the amine. Benzene (10 ml) was added and the mix-
ture cooled to 0°. An ice-cold solution of 1.66 g of p-toluene-
sulfonyl chloride in 5 ml of pyridine was added and the mixture
poured into 50 ml of water containing 10 ml of concentrated HC1
after a 10-min reaction time. Extraction with chloroform,
evaporation of the organic layer, and trituration of the residual
oil with hexane followed. The resulting solid was recrystallized
from benzene to give yellow needles, mp 117-118° (1.0 g, 38%).
An analytical sample (from benzene), long thick white needles,
had mp 118-119° and was shown to be dimethyl p-toluene-
sulfonylaminomethylphosphonate, p-CH3CsH4S02NHCH2P (0)-
(OMe)i.

Anal. calcd for CoHINOsSSP:  C, 40.95; H, 5.50; N, 4.78.
Found: C, 41.23; H, 5.47; N, 4.69. Nmr (CDC13: S2.43
(s, 3, Ar-CHs), 3.27 (d of d, 2, ,/henh = 6.5 Hz, J hep = 135
Hz, PCH2N), 3.78 (d, 6,J = 10.5 Hz, POCH3), 6.6 (broad s, 1,
NH), 7.32 and 7.80 [two d, 4, J (both) = 8 Hz, aryl].

(10) O. Manceraand O. Lemberger, J.Org. Chem., 15, 1253 (1950)

Seyferth, Marmor, a.na Hilbert

Preparation of Dimethyl a-Diazo-3,5-dimethoxybenzylphos-
phonate.—Dimethyl 3,5-dimethoxybenzoylphosphonate was pre-
pared7 on a 0.113-mol scale in 92% yield. The product was
isolated as a viscous, yellow liquid, naD 1.5337, bp ¢a. 153° (0.02

mm).

Anal. calcd for CnH"OeP: C, 48.18; H, 551. Found:
C, 48.49; H, 5.45.

This compound (102.8 mmol) was converted to the p-toluene-
sulfonylhydrazone by the procedure described above for di-
methyl benzoylphosphonate. The crude product was obtained
as a yellow oil. This was washed with water and extracted with
boiling ether to leave 30.16 g of presumed anti isomer, mp 158c
(dec). The ether extracts were evaporated; the residual oil
crystallized and was triturated with ether to give 10.40 g of pre-
sumed syn isomer, mp 107-108°. The total yield, 40.56 g, was
89%.

An analytical sample (from methanol) of the anti isomer had
mp 164.5-165.5° (dec); the syn isomer (from methanol) had mp
113-114°.

Anal. caled for CisH2N20,SP: C, 48.86; H, 5.24; N,
6.33. Found (anti isomer): C, 48.84; H, 5.23; N, 6.36.
Found (syn isomer): C, 49.03; H, 5.30; N, 6.32.

To a solution of sodium carbonate (23.3 mmol) in 39 ml of
water was added 8.57 g (19.4 mmol) of si/n-dimethyl 3,5-di-
methoxybenzoylphosphonate p-toluenesulfonylhydrazone. The
reaction mixture was stirred under nitrogen for 24.5 hr, then was
extracted with dichloromethane. Work-up of the organic layer
gave 4.96 g of bright yellow powder (90%), mp 55-56° (from di-
ethyl ether at —78°).

When the anti isomer was used, the reaction was noticeably
slower in forming the yellow color, but work-up after 31 hr gave
the diazo compound in 91% yield.

Anal. calcd for C,H©6N20sP: C, 46.16; H, 5.28; N, 9.79.
Found: C, 46.22; H, 5.43; N, 9.75. Nmr (CCh): «3.72 (s,
6, ArOCHJ, 3.73 (d, 6,/ = 12 Hz, POCH3), 6.1-6.3 (m, 3,
aryl). The ir spectrum (Nujol mull) showed the bands due to
C=N=N at 2090, to P=0 at 1255, and to POC at 1020 cm-1.

Reactions of the Diazoalkanes with Acids.—Physical properties
and analytical data for the products are given in Table I.

A. Dimethyl a-Diazobenzylphosphonate.—Diethyl ether, 100
ml, in a three-necked flask equipped with a dropping funnel, a
stirring unit, a gas inlet tube whose tip was submerged below
the liquid level, and a drying tube, was saturated with anhydrous
hydrogen chloride at —78°. While the HC1 stream was con-
tinued, 1.40 g of the diazo compound in 50 ml of ether was added
dropwise over 15 min, its orange color being discharged instan-
taneously. Evaporation of solvent, treatment of the residual oil
with sodium bicarbonate solution, and ether extraction followed.
Distillation of the ether extracts gave 1.25 g (86%) of dimethyl a-
chlorobenzylphosphonate.

A solution of 10.0 mmol of the diazo compound and 20.0 mmol
of glacial acetic acid in 20 ml of diethyl ether was heated at reflux
for 15 hr, at which time nitrogen evolution was complete. Dis-
tillation of the reaction mixture gave 2.0 g (79%) of dimethyl <=
acetoxybenzylphosphonate.

A warm solution of anhydrous p-toluenesulfonic acid in benzene
(prepared by distilling 25 ml of benzene and water from a solu-
tion of 10 mmol of p-toluenesulfonic acid monohydrate in 50 ml of
benzene) was added in portions to a solution of the diazo com-
pound until the orange color was discharged. Evaporation of
the reaction mixture was followed by extraction of the residual
yellow oil with ether and washing of the ether solution with
saturated sodium bicarbonate. Evaporation of the dried ether
solution gave a solid which was recrystallized from methanol-
water to give 1.32 g (71%) of dimethyl «-(i»toluenesulfonyloxy )-
benzylphosphonate, mp 84-86°. An analytical sample (from
CCh) had mp 86-87°.

B. Dimethyl Diazomethylphosphonate.—A solution of 4.36
mmol of the diazo compound in 15 ml of glacial acetic acid was
heated on the steam bath with exclusion of moisture for 1.5 hr.
Evaporation of the excess acid, treatment of the residue with
saturated sodium bicarbonate solution, and extraction with
chloroform followed. Distillation (short path) of the chloro-
form solutions gave 617 mg (78%) of the product, dimethyl
acetoxymethylphosphonate.

Miscellaneous Reactions of the Diazoalkanes. A. With Tri-
phenylphosphine—A solution containing 5 mmol each of di-
methyl a-diazobenzylphosphonate and triphenylphosphine in 1o
ml of benzene was kept at room temperature under nitrogen for
56 hr. It then was warmed on the steam bath for 5 min and



D imethylphosphono-Substituted Diazoalkanes

diluted with heptane. The product separated out as an oil.
The solution was decanted and the oil was triturated with pen-
tane. The resulting powder was recrystallized twice from ben-
zene-heptane to give the phosphazine Ph3P=NNC(Ph)P(0)-
(OMe)j.

When 2.41 mmol each of triphenylphosphine and dimethyl
diazomethylphcsphonate in 10 ml of benzene were stirred at room
temperature under nitrogen for 12 hr, awhite precipitate resulted.
Recrystallization gave the phosphazine Phs3P=NN=CHP(0)-
(OMe)i as long white silky needles in 12% yield.

B. Reaction of Dimethyl a-Diazobenzylphosphonate with
Mercuric Chloride—A THF solution (10 ml) of the diazo com-
pound (9.08 mmol) and an equimolar quantity of mercuric chlo-
ride was heated at reflux for 30 min. No perceptible color
change or gas evolution was apparent, but nitrogen evolution
began after a trace of copper powder was added. The reaction
mixture was heated at reflux for another hour. Removal of
solvent at reduced pressure left a yellow oil. This was taken
up in 150 ml of benzene, treated with activated charcoal, and
filtered through Celite. Evaporation to 80 ml was followed by
addition of 670 ml of hexane. The resulting solution was left to
stand overnight; 0.35 g (8 %) of light yellow crystals was de-
posited. An analytical sample was recrystallized once from ben-
zene-cyclohexane and twice from benzene-heptane.

C. Reaction of Dimethyl Diazomethylphosphonate with
Mercury(ll) and Silver(l) Acetylacetonates—To a solution of
10.0 mmol of the diazo compound in 10 ml of dichloromethane
was added 2.19 g (5.5 mmol) of mercury(ll) aeetylacetonate.
The reaction mixture was stirred in a sealed flask for 40 min and
filtered through Celite: the filtrate was evaporated to Ca. 5 ml.
Diethyl ether (50 ml) was added slowly; 2.0 g (80%) of yellow
needles formed. These were characterized as Hg[C(N2)P(0)-
(OMeM».

The silver derivative was prepared in an analogous manner,
substituting a 50% molar excess of silver(l) aeetylacetonate and
carrying out the stirring and filtering operations in subdued light.
The product was a yellow powder (95% yield), mp 125° (ex-
plodes), and was freely soluble in dichloromethane to give a deep
orange solution. It was not shock sensitive. Ir (Nujol mull):
2310 (sh), 2270 (w), 2070 (s, C=N=N), 2030 (sh), 1525 (w),
1220 (s, P=0), 1185 (m), 1145 (m), 1055 (s), 1030 (s), 890 (s),
810 (s), and 745 (m) cm-1.

Copper-Catalyzed Reactions of the Diazoalkanes with Olefins.
A. Dimethyl «-Diazobenzylphosphonate—A 200-ml three-
necked flask equipped with a reflux condenser topped with a
nitrogen inlet tube and a magnetic stirring assembly was charged
with the olefin (oo ml, freshly distilled from lithium aluminum
hydride), 6-10 mmol of the diazo compound, and 3.80 g (60
mg-atoms) of copper powder (J. T. Baker “purified grade”).
The mixture was stirred at reflux under nitrogen until the orange
diazoalkane color had been discharged (usually about a 12-24-hr
reaction time was involved). The usually pale yellow mixture
was filtered through Celite and the product cyclopropane was ob-
tained by crystallization (in the case of cyclohexene) or dis-
tillation (in the case of 1-heptene and allyltrimethylsilane).

The product from cyclohexene, 7-(dimethylphosphono)-7-
phenylnorcarane, was converted to the phosphonic acid by re-
fluxing 331 mg of the dimethyl ester in 4 ml of concentrated HBr
for 15 min. The mixture was cooled and the resulting white
precipitate was filtered, washed with cold water, and dried to
give 282 mg (95%) of 7-phenyl-7-phosphononorcarane, mp 271-
273°. Recrystallization from aqueous methanol gave white
needles, mp 274-275°.

B. Dimethyl Diazomethylphosphonate.—To a stirred mixture
of the olefin (100 ml), 30 ml of dichloromethane, and 3.8 g of
copper powder maintained in an ice bath under a nitrogen at-
mosphere was added 10 mmol of dimethyl diazomethylphos-
phonate. The reaction mixture was stirred at 0° for 8 hr and
overnight at room temperature. Fractional distillation of the
filtered (through Celite) reaction mixture gave the cyclopropane
(yields in Table 1) and the crude carbene “dimer,” 1,2-bis(di-
methylphosphono)ethylene (presumed identity; not obtained in
pure state)i in variable (15-30%) yields.

The presence of dichloromethane was required in order to

(11) Hydrogenation and saponification of this compound gave ethylene-
mp 218-220°,
with authentic acid M. I

diphosphonic acid, which was not depressed on admixture
Kabachnik, lzv. Akad. Nauk SSSR, Otd.

Khim. Nauk, 631 (1947); Chem. Abstr., 42, 5845A (1948).
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obtain good yields. Thus, in the case of cyclohexene, reaction
with the diazo compound in the absence of dichloromethane
gave the expected norcarane in 20% vyield and “ carbene dimer”
in 68% yield. In the presence of dichloromethane these yields
were 39 and 28%, respectively.

The reaction with isobutylene was carried out —7° for 16 hr.

1.3- Dipolar Addition Reactions of Dimethyl a-Diazobenzyl-

phosphonate. A. Reactions in Which the Initial Adduct Was
Isolated.— The diazo compound and the 1,3-dipolarophile (10- to
50-fold excess) in dry benzene were kept at room temperature for
1 or 2 days. The reaction mixture, if still orange at that time,
was heated at reflux until a color change to yellow had occurred.
Evaporation at reduced pressure and crystallization of the residue
followed. Pure products were obtained by recrystallization from
benzene-heptane (adducts from acrylonitrile, diethyl maleate)
or chloroform-carbon tetrachloride (adduct from methyl vinyl
ketone).

B. Reactions in Which the Cyclopropane Was Isolated, (a)
Reaction with Dimethyl a-Styrylphosphonate.—a-Styrylphos-
phonic acid was prepared by the procedure of Conant and Coyner2
and was esterified with an excess of diazomethane in diethyl ether.
The reaction mixture was washed with saturated NaHCOs, dried,
and evaporated. The residual yellow oil was short-path dis-
tilled (141° at 4.3 mm) and redistilled at 101° (0.1 mm) to give
dimethyl a-styrylphosphonate in 62% yield. A trace of hydro-
quinone prevented yellowing of the sample on storage in the

freezer. A center cut had nZD 1.5267 -
Anal. calcdforC,0H30sP: C, 56.60; H, 6.17. Found: C,
56.66; H, 6.37. Ir (lig film): 3050 (sh), 3000 (m), 2945 (s),

2840 (m), 1600 (w), 1575 (w), 1495 (s), 1445 (m), 1250 (s), 1180
(m), 1100 (m), 1050 (s), 960 (m), 935 (m), 850 (s), 830 (s),
785 (s), 765 (s), 720 (m), 700 (s), and 680 (m) cm*“1

A solution of this vinylphosphonate ester (1.06 g, 5.0 mmol)
and the diazo compound (1.13 g, 5.0 mmol) in 10 ml of benzene
was heated at reflux under nitrogen for 7 days. Distillation of the
reaction mixture gave 0.42 g of unconverted vinylphosphonate
ester and then a viscous yellow syrup, boiling range 178-190°
at 0.04 mm. Redistillation gave pure product, bp 190° (0.04
mm), presumably a mixture of isomers. The syrup changed to a
white powder, melting range 100-125°, after it had stood for 2
weeks.

(b) Reaction with Diethyl Vinylphosphonate—A solution
containing 5.0 mmol of the diazo compound and 50 mmol of the
vinylphosphonate ester was heated on the steam bath for 3 hr.
The now colorless reaction mixture was distilled to remove the
unconverted vinylphosphonate ester, and the yellow oil which
remained, whose ir spectrum indicated the presence of some py-
razoline (N-H absorption), was distilled using a Hickman still
(oil bath 90-160° at 0.10-0.05 mm) to give the cyclopropane as a
colorless oil (no N-11 absorption in the infrared).

1.3- Dipolar Addition Reactions of Dimethyl a-Diazoethylphos-

phonate.—The diazo compound and the respective 1,3-dipolaro-
phile (1:1 molar ratio) were dissolved in toluene. An exothermic
reaction ensued. Subsequently the reaction mixture was heated
for Ca. 30 min on the steam bath, until the diazo compound color
had been discharged. The pyrazolines produced were isolated
by removal of the solvent at reduced pressure. Pure samples
were obtained by recrystallization from carbon tetrachloride
(adduct from methyl vinyl ketone) or cyclohexane-carbon tetra-
chloride (adducts from ethyl acrylate and acrylonitrile).

Registry No, —D|methyl a- dlazobenzyIPhosphonate

28447-295 " dimeth %/ enzog hosp onfa p-toluene-

sulfon Ihydrazone 844 |methK |azomet g

gh 3 onam bro omeﬁ limide,

mmetx hmahmlomet osponMe

47-2 -9, |met 7y pto uenesulfonyl mlnomethy
% hona dimeth % a-01az0-3

etnoxy enzylphos hoHate 28441-28-1; a? |7- dllrp

h-gimethoxyb osphonate /i-toluenesulfo

enzo
e P el
28434-44-8; " dimethyl 3 5-dimethoxybenzoylphospho-

(12) 3. B.conant and B. B. Coyne, J. Amer. Chem. Soc., 44, 2530 (1922).
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Treatment of 16/3-dimethylammo-3/S-trityloxypregn-5-en-20/3-ol (2b) with p-toluenesulfonyl chloride in pyri-
dine afforded I',I'4'(,S)-trimethyl-3|] 8-trityloxyandrost-5-eno[16i8,17i3-b]lazetidinium tosylate (3a). Reaction of
the latter compound with refluxing ethanolamine (or potassium hydroxide in refluxing dioxane) yielded the Hof-
mann degradation product 16/3-dimethylaminopregna-5,20-dien-3/3-yl trityl ether (4a). The mother liquor of the
ethanolamine reaction also contained the IV-hydroxyethylamino compound 5a. Reduction of 3a with lithium
aluminum hydride gave 16/3-dimethylaminopregn-5-en-3/3-yl trityl ether ().

Published literaturelin the sterqid field has indicated |ch W s reduced with lithiu Iumlnum h drld to
that a tertﬁlar amulne group mg ?n a 14 reIatldonsheip 3d?meth Iam|n033trrﬂy 0Xy lP%(e)%n |50§ -2 je ol
a

forrﬁ a pyrldlne at room tem erature or 65hrﬁave reasonahle
Ine ring. twas oflnterest since 16/3d|me Xeds of the azetdl e tosylate 3a. This compound’s
inopregn-5-ene-3/S,20/3-diol (2a)2 was available, to tructure was confi rmed ylts Infrared spectrum, which
know if the same condi dnons acting on this com ound
would pr ?uce n.azetidine r|n93 Such?tra sorma
tlon would establish a new heterocyclic-fused ring on
th esteroh sgftem

Since t hydroxvl group of the above-mentioned
compoun could” conceivably mterfere with a study
?f the reactgon It i/vas tmoug{N ;st t% prqte?t this
unction preterentially.  This was done ytr|t¥ ation4
of the A-methyloxazine ia2to form the 3-trityl ether 1,

%ﬁeam ug?])ég g%roup [ngxesﬁﬁonneoﬁon clize under . Reactlon 0¥2bWIth tquene

had the tosylate ion hands prewouslg relported Bhy
the nmr spectrum conflrmlng the quat rna alk Iated
nltrogen and the mass %p ctrum owe th
expe ted mo eCtgar lon_(minus lE) -tolu enesu [omc acld
al mse 586 and this ion minus, the trltry roqu
1( 43, Assumin aconventl?na rear-sige aftac
the nltrogen electrons to. displace the Ca- 3tos

HOCH %roupnn% the resultant conflq Jatlon of the dsi)erm

00-me V%roupmg on the azetidine ring woul

Since little is known of the chemistry 0f such azetidine
systems a modest chemical study of sa was under-
Eﬁmum rIt has heen shown that’a condenifd azetl-

n ructure when it |snonplanar wi urh er 0
2a R= H reversa 0 ua ernlzatlon on' reaction wit
b R-(C BT %ppl £8.9 L 3 fs owever treatment of 3a
t ithium bromide afor ed ony anion replacement
(1) @) F. L Weisenborn and D Burn. 3 Amer. Chem. Soc. 75, 259 give the azet|d|n|um bromide “so.  The analogous
o 5 L Ly v e s il ¢ fould be formed by Weament with sogm
J. Ho nd V. Cerny, CL‘)”ECL C‘zech‘.chem‘Com’mun,,za, 201’5 (1963.), ’ 0 I t t e prO UCt Wa% Ver tO a.l{ a.n
((; :/IhisH iesllz:ma::rseus:I::sgt::wne’r‘ajlv(r)nrft.hco:en:f”;fe’pigr?:g(lagzi:i)éines by ring % t an Cou nOt e C ara terlze Satls aCtO“I

closure of 7-haloamines: see J. A. Moore in “Heterocyclic Compounds T IS IS acement reaCtIOn WlthOUI rlng Openln? m y
With Three and Fourmembered ings part Two, A. weissverger, ea. IN0ICALE that the azetidine ring 15 not distorted m

Interscience, New York, N.Y., 1964, p 891.
(4) R.T.Blickenstaff, J. Amer. Chem. Soc., 82, 3673 (1960). (5) G.Fodo ,Ibld.,&wwugee.



Androst-5-enoazetidinium Tosylate

this case, although the proof is by no means unequivocal

(vide infra).

The observatron of the variety of cIeavages possible
by heatrnd aernar famme In et anoIamrneldB
stggested the a [p [catiort of this reactron tod T
most easily 1sojated product was identified as the con-
ventional "Horfmann'. degradation product 4a/ which
Was further heated in 4cetic acid to give the 3/3-l,
4h. The nmr spectra of these compounds proved the

I
HC

or np }s]d structures (ponclusrvelx since a normaI basic
ethylamino band was, seen at s 2.18-2.19 ppm
and the ABX spIrttrnsg of the C2121 -ethylene s tem
was observed in the pm region. _These
two spectra alsq showed concIusrv ly that the C6vrny|
hydro%en IS spielded by at least one of th
rings Of the trityl grouping since the trityl ether co
ounds herein prepared show this bang at ca. & 4.9
pm, while the 3/3-hydroxy compound 4b has this
agd at the more né)rmgl location, t85f 38 tpm s [t
ecause a considerable amount of materjal was le
in the mother(h uor which resurited from the etﬂano[
amine reaction, this mother Irguor was_ subjected to
partition chromatography on Celite to give one major
comgonent 5a. Ufitortunately, this component cold
not be crystallized; so it was acetylated in the hopes

5a,R= R = H;R"-(C&H5IT
b, R= R' = Ac; R" = (CEHHL
¢, R= R'=Ac;R"=H
d R=AcR'=R"=H

of attaining a crystalline compound. The new com-
ouncf %]Nas mor hous, buFt it did show Oacet}/I
and V- aeet apsor éron In its infrared spectrum
nmrs'oectrum also | |catedsuch%rouprns ut further
revealed asplrttrng oft ese srdnal In the_acetyl region.
mova of tetrrtlr{ grou[% rom 5b with acetic acid
Hta gaveacryst iné ¢ p d5caterpreparatrve
layer chromat ograp The latter "compound
again sowed ester and amide absorption in its infrared

(6) S. Htinigand W. Baron
(7) Seeref3,p 906.

. Chem. Ber., 90, 395, 403 (1957).
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spectrum and revealed the same type of splitting of
the acetyl srgnals In its nmr spectrym, The nmr
ectrum aso in t|cated a_widening oftthe %rgnla oJ
rogen atoms e Mass's ecrum IScloge
moIecglay werg ht or 488 forth e larg es mass 10n, w%
sueppprte an acetox eth&/\amrde structur for 5. Thrs
was further cqrro oate ‘yasrﬁna In the mass spec-
trum at mze 316 (M — 172) which sudgests the mo-
lecular ion_minus_a cIeavage fragmen consrstrnd of
the entire Cand C2 moretly as indicated by the do ted
line %n the structure ermore a sréna at rn1
2 tor this mojety was noted. lance of the
nmr spectrum alsg” supported. thrs structure 5o that
the sé)rttrn g of the acet I srgnals and widening of
irhydrogen signal rn the nmr [sTpectrum could
xplaine the presence of rotamers o 5 td
to t e Interference of the Ci8hydrogens with the free
rotation of the large substituént at CA) This was
further borne out by the coalescing of these signals
when the nmr spectrum was taken™ at 90°. The in-
drcated structure for 5¢ then permitted the agﬁrogrrate
3-trityl ether structures to be proposed for 5a
It s apparent that 5a was formed b
aﬁtack of the ethanoIamrne on the azetidine 3a with
the 0 enrng of the CZDnitrogen bond. . Since It appears
most likely'to be a concerted attack with bond cleavage,
the stereochemrstrK of E)he hydroxxethylamrne ’%rouprng
apout C4) In 53 eenassighed as 13 No trac
of the isomer of 5aw hich would be formed by attack
at the Cio position with opening of the CieAjtrogen
bond was seen.  This isomer would not have the /e
316 si F gna or shon] rotamers IH the nmr. NucIeophrIrc
displaCement of this type_under very mild conditions
has been discussed above.5 It has also been achieved8
under more vrgorous condrtrons heating with 10%
sodium I-¥ pxr e or benzylamine). It is rnterestrng
that_no Hoffmann degradation products are reporte
In this last refﬁrence
Avery small amount of more polar materraI recovered
from the above descrrbeg &reparatrvet m aye[ m
matograg y Was assrgne e structyre of the alcono
amide 5d on the basiS of its nmr and mass spectra. It
IS possinle that this comgound arose during the removal

ofthe rityl grou
he ho% d)fac ehrng chemrcg proof of the
stereochemrsr at the azetidinium éosylate
3a was requxed wrt potassrum hg roxide In djoxane
For this purpose th esynthesrs of 2a was desired, Un-
fortunate ¥ﬂ on x the olefin 4a was found as a product
An att as made to p)nctlonalrfe 43 af the C2
posrtron y reactron with 9-borabic [331 Jnonane9

ctive hydroborating agentD'relative to the As
aouqbf %on Y—Iowever ngo r%actron could be made

0 ta epg %een Qbserved thitt treatment of qu%er ary
methy ated amines wrth thium aumrnum

§Stt§8ht° rye"éﬂvzedts “taeléeh by b “tt‘t eerosni gnftré
wrtrﬁ ﬁrPh r?rouglummumnhyglrsrdeca?rer rerf?r?xmgntet(r)ahv

(8) A.Ebndther and E. Jucker, Helv. Chim. Acta, 47, 745 (1964).

(9) E.F.Knightsand H.C.Brown,J.Amer. Chem. Soc., 90,5280 (1968).

(10) E.F.Knightsand H.C.Brown, ibid., 90, 5281 (1968).

(11) G. W. Kenner and M. A. Murray, J. Chem. Soc., 406 (1950); A. C.
Cope, E. Ciganck, L. J. Fleckenstein, an
Chem. Soc., 82,4651 (1960).

the nucleophilic

d M. A. P. Meisinger, J. Amer.
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drofuran %pened the azetidine ring to form the Pmed

nene 6. The structure of the latter was confi

reducing the qlene 4a cagala/tlcally to afford6 In
t |s case, 0bvious ride 1on gisplacement was

C followed b cle% e of the Cz{}nltro? n bond.

r%]enera re ction of the aternarg azetidine rin
WI'[ nuc eoph| es may give Ho fmann d rg]1radat|on prog-
ucts and/or substitution products with ring openin
besides simple displacement of the anion without rin
opening.

Experimental Section®

3'6'(R )-Dimethyl-2',3',4",5 -tetrahydro-3/3-trityloxyandrost-5-
eno[16/3,17/3-d]-I',3"-oxazine (Ib).—A mixture of the oxazino
compound laz (0.77 g), trityl chloride (0.7 g), and pyridine (10 ml)
was refluxed for 6 hr and poured into ice-water, and the resultant
precipitate was collected. The solid was dissolved in methylene
chloride and passed through a small pad of Magnesol. The
solvent was removed IN Vacu0 and the residue crystallized from
methylene chloride-acetone to yield Ib (0.54 g), mp 251-256°.
The analytical sample had mp 257.5-258°; (a1 2sa —31° (CHCHi);
ir 704 cm-1, nmr (CDCb) S0.95 (s, 3, 19 H), 1.13 (s, 18 H),
135 (d, 3,J = 7 Hz, 21 H), 1.99 (s, 3, NCH3), 3.49 and 4.32
(pair of doublets, 2',2' H), 4.88 (m, 1, 6 H), and 7.18-7.62 ppm
(m, 15, aromatic H).

Anal. cCalcd for C22HsiINO2 (601.84): C, 83.81; H, 8.54; N,
2.33. Found: C, 83.65; H, 8.50; N, 2.30.
16/3-Dimethylamino-3/3-trityloxypregn-5-en-20/3-ol  (2b).—A
mixture of the trityl ether Ib (5.04 g), lithium aluminum hydride
(5 g), and tetrahydrofuran (250 ml) was stirred and refluxed 22
hr.  The mixture was cooled in an ice bath and a saturated solu-
tion of potassium sodium tartrate added dropwise until the excess
lithium aluminum hydride was consumed. The mixture was
filtered, and the residue was stirred with additional hot tetra-
hydrofuran and filtered. The combined filtrates were evapo-
rated IN Vacuo. Crystallization of the residue in methylene
chloride-acetone afforded 2b (3.29 g), mp 226.5-228°. An addi-
tional 0.39 g, mp 221.5-223.5°, was collected from the mother
liquor. The analytical sample had mp 227.5-229°; [<%> —28°
(CHCIj); ir 3450 and 708 cm*“1; nmr (CDC1,) S0.97 (s, 3, 19 H),
1.00 (s, 3, 18 11), 1.28 (d, 3, ] = 6.5 Hz, 21 H), 2.30 (s, 6,
N(CH32), 2.68-3.28 (m, 2, 16 H and 3 H), 4.40 (m, 1, 20 H),

491 ﬁm, 1,6 H), and 7.12-7.63 ppm (m, 15, aromatic H).
Anal. cCalcd for Ca2HssN 02 (603.85): C, 83.53; H, 8.85; N,
2.32. Found: C, 83.39; H, 8.99; N, 2.29.

1',1",4'(,S)-Trimethyl-3;3-trityloxyandrost-5-eno[ 16/3,17/3-6] -
azetidinium Tosylate (3a).—A solution of the dimethylamino-
pregnene 2b (0.177 g) and p-toluenesulfonyl chloride (0.2 g) in
pyridine (5 ml) was allowed to stand at room temperature for
20 hr. The mixture was then poured into ice-water and extracted
exhaustively with methylene chloride. The extract was dried

(12) All melting points are uncorrected.
mined in a potassium bromide disk The nmr spectra were obtained in a
Varian A-60 spectrometer with tetramethylsilane as internal reference.
The mass spectra were determined on an AEIl MS-9 spectrometer (Associ-
ated Electrical Industries, Ltd.). Celite (Johns-Manville Co.) is a diatom a-
ceous silica product. M agnesol (Food Machinery Chemical Corp.) is a
hydrous magnesium silicate All the analytical samples were shown to be
homogeneous by tic (silica gel G) analysis

performed by L. M.

The elemental analyses were
Brancone and associates. The partition chroma-
tography was done by C. Pidacks and associates. Spectral analyses and the
optical rotational data were obtained from W . Fulmor and associates.
We thank George O. Morton for discussions concerning some nmr spectra,
Dr. George Van Lear for interpretation of the mass spectra,

Nocera for preparative assistance.

and Joseph

The infrared spectra were deter-

Heller and Bernstein

(Na2S04) and the solvent removed invacuo. Crystallization from
methanol-acetone afforded the tosylate 3a (0.04 g): mp 245-
246° dec; [o]Zd -6.5° (CH30OH); ir 1200, 1125, 1040, 1016, 708,
and 683 cm-1; nmr (DMSO-<b) S 0.91 (s, 6, 18 H and 19 H),
138 (d, 3,/ = Hz, 21 H), 2.28 (s, 3, CHzs ar), 2.89, 2.98 (two s,
6, N(CH32+), 483 (m, 1, 6 H), and 7.11-7.57 ppm (m, 19,
aromatic H); mass spectrum (70 eV) M /e 586, 571, 343, 172.

Anal. cCalcd for CssHsN 045 (757.97): C, 77.64; H, 7.85; N,
1.85; S,4.23. Found: C, 77.72; H, 8.14; N, 1.95; S, 4.21.

In later runs it was found that increasing the reaction time to 65
hr increased the yield to 65-68%.

I'1',4'0S)-Trimethyl-3/3-trityloxyandrost-5-eno[16/3,17/3-6]-
azetidinium Bromide (3b).—To a solution of the tosylate 3a
(0.5 g) in methylene chloride (100 ml) was added a solution of
lithium bromide (5 g) in acetone (50 ml). After standing 5
min at room temperature, the solution was concentrated In
vacuo at room temperature to Ca. 10 ml. Methylene chloride
(150 ml) was added and the resultant precipitate collected. The
filtrate was taken to dryness IN Vacu0 and the residue crystal-
lized from acetone to give 3b: mp 175.5-176.5°; [a]Zh —7.6°
(CH30H); ir 1050, 775, 765, 748, and 705 cm -1, nmr (DMSO-cb)
S0.93 (s, 6, 18 H and 19 H), 1.42 (d, 3, = 7 Hz, 21 H), 2.93
and 3.02 (two s, 6, N(CH32), 487 (m, 1, 6 H), and 7.19-7.52
ppm (m, 15, aromatic H).

Anal. calcd for C2HEBIrNO (666.76):
Br, 11.99; N, 2.10.
2.01.

16/3-Dimethylaminopregna-5,20-dien-3/3-yl Trityl Ether (4a).
A.—A mixture of the tosylate 3a (0.31 g) and ethanolamine (12
ml) was refluxed 4 hr and then poured into ice-water. The
resultant crude precipitate (0.24 g) was collected and crystal-
lized from acetone-methanol to afford 4a (0.C88 g), mp 190-
192°. The analytical sample had mp 196 5-197.5°% (aj2s0
-43° (CHCDb); ir 1048, 773, 760, and 704 cm*“1 nmr (CDC13
$0.72 (s, 3, 18 H), 0.96 (s, 3, 19 H), 2.18 (s, 6, N(CH3)2), 2.50
(m, 1, 16 H), 3.33 (m, 1, 3 H), 4.72-5.14 (m, 3. 6 H and 21 H),
6.0 (m, 1, 20 H), and 7.14-7.62 ppm (m, 15, arcmatic H).

Anal. calcd for C2HMNO (585.84): C, 86.10; H, 8.78; N,
2.39. Found: C, 86.02; H, 8.93; N, 2.37.

B.—A mixture of the tosylate 3a (0.95 g), potassium hydroxide
(5 g), water (15 ml), and dioxane (50 ml) (two phase system) was
stirred and refluxed for 19 hr. The mixture was poured into ice-
water and the resultant precipitate (0.75 g) collected, mp 185-
190°. A tic showed essentially only 4a as the product. This
was crystallized to give 0.57 g of 4a, mp 198-200°. A further
0. 045 g, mp 195.5-197°, was isolated from the mother liquor.
Each fraction had an identical ir spectrum with that of the sample
characterized above.

16/3-Dimethylaminopregna-5,20-dien-3/3-ol (4b).—A solution of
the trityl ether 4a (0.64 g) in acetic acid (50 ml) was heated at
56° for 7.5 hr. Dilution of the solution with water precipitated
triphenylcarbinol (0.28 g) which was removed. The solution
was made basic with 30% potassium hydroxide and the resultant
precipitate collected. Crystallization from acetone afforded 4b
(0.198 g), mp 209.5-211.5°. The analytical sample had mp 210-
212°; [ajzsa -70° (CHCb); ir3250 and 910 cm"% nm r (CDCb)
S0.78 (s, 3, 18 H), 1.01 (s, 3, 19H), 2.19 (s, 6, N(CH3)2), 3.47 (m,
1, 3 H), 4.75-5.15 (m, 2, 21 H), 5.38 (m, 1, 6 H), and 5.99 ppm
(m, 1, 20 H).

Anal. cCalcd for C3H3NO (343.53): C, 83.41; |II,
N, 4.08. Found: C, 80.22; H, 10.73; N, 4.01.

16/3-Dimethylamino-20/3-(7V-2'-acetoxyethylacetamido)pregn-5-
en-3/8-ol (5¢).—The mother liquors (ca. 3.25 g) from the reac-
tion of the tosylate 3a (4.6 g) and ethanolamine (150 ml) as in the
preparation of 4a by method A (1.45 g, of 4a was recovered)
was submitted to partition chromatography on Celite with the
system heptane-Methyl Cellosolve. From the first half of a
hold-back volume was isolated an additional 0.3 g of 4a. An
amorphous solid (1.45 g) was isolated from the fourth hold-back
volume, but this could not be crystallized. Analysis by tic sug-
gested it was still a mixture. A repeated partition chromatogra-
phy on Celite as above again gave a nonerystalkzable amorphous
solid 5a (0.8 g). Its nmr spectrum (CDCfi) had &0.82 (s, 3,
18 H), 0.96 (s, 3, 19 H), 1.23 (d, 3, ) = 7 Hz, 21 H), 2.25 (s, 6,
N(CH32), 2.42-3.68 (m, 6, 3 H, 16 H, and OCH2CH2N), 4.92
(m, 1,6 H), and 7.14-7.64 ppm (m, 15, aromatic H).

Compound 5a (0.5 g) was acylated in the usual fashion with
acetic anhydride (2 ml) in pyridine (4 ml) at rcom temperature.
The mixture was poured into ice-water and the resultant amor-
phous solid 5b (0.56 g) was collected. This solid also could not

C, 75.65; 11, 7.86;
Found: C, 75.46; H, 7.84; Br, 11.63; N,

10.86;
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be crystallized but was essentially one component by tic analysis:
nmr (CDC13) 6 0.73 (s, 3, 18 H), 0.92 (s, 3, 19 H), 1.38 (d, 3,J
= 7Hz, 21 H), 2.01,2.03, 2.04, and 2.13 (4s,6,0C (=0)CH3and
NC(=0)CH?3), 2.29 (s, 6, N(CH32), 2.58-3.88 (m, 5, 3 H, 16 H,
20 H, NCH2, 4.18 (m, 2, OCH2), 4.90 (m, 1, 6 H), and 7.14-
7.68 ppm (m, 15, aromatic H).

Treatment of the acetate 5b (0.295 g) in acetic acid (25 ml) for

7.5 hr at 56° and then pouring the mixture into ice-water af-

forded a precipitate which was collected. This was triphenyl-
carbinol (0.05 g). The filtrate was made basic with 30% potas-
sium hydroxide. The resultant precipitate (0.156 g) was col-
lected and put on two preparative thin layer chromatography
plates (200 X 200 X 1 mm) (silica gel G) and developed in the
system 85% of benzene-acetone-water (2:1:2) (upper phase)
and 15% of methanol. The less polar band (0.127 g) (Ca. 9-9.5
cm from the origin) was collected and crystallized from acetone-
hexane to give 5¢ (0.030 g): mp 203-203.5° dec; [«]ba —9.6°
(CHCla); ir 3410, 1750, 1642, 1630, and 1230 cm"L nmr (CD-
Cl1360.78,0.79 (d, 3, 18 H), 0.99 (s, 3, 19 H), 141 (d,3,J =6
Hz, 21 H), 2.03, 2.04 (d, 3, NC(=0)CH?J3, 2.11, 2.17 (d, 3,
0C(=0)CHJ), 2.31 (s, 6, N(CH32), 3.05-3.90 (m, 5, 3H, 16 H,
20 H, NCH2, 4.18 (m, 2, OCH2), and 5.34 ppm (m, 1, 6 I1);
nmr at 90° (CDC13 + CD30D) §0.80 (s, 3, 18 H), 1.00 (s, 3,
19 H), 141 (d, 3, ) = 7 Hz, 21 H), 2.03 (s, 3, NC(=0)CH?3),
212 (s, 3, OC(=0)CH?3), and 2.32 ppm (s, 6, N(CH32); mass
spectrum (70 eV) m/e 488, 316,172.

Anal. caled for CmH ,~~ (488.69): C, 71.27;
N, 5.73. Found: C, 71.54; H, 9.86; N.5.72.

The more polar band from the preparative plate (6.0 mm from
the origin) gave a crude compound (0.03 g) which had physical
measurement suggesting 5d as its structure: nmr (DMSO-de)
a0.68, 0.70 (d, 3, 18 H), 0.92 (s, 3, 19 H), 198 2.01 (d, 3,

H, 9.90;
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NC(=0)CH3), 2.22 (s, 6, N(CH32), 4.50 (d, 1, CHOH), 4.75
(m, 1, CH20H), and 5.28 ppm (m, 1, 6 H); mass spectrum (70
e\)m /e 446, 316,130.

16/3-Dimethylaminopregn-5-en-3/S-yl Trityl Ether (6). A.-A
mixture of the tosylate 3a (0.5 g) and lithium aluminum hydride
(1.0 g) in tetrahydrofuran (250 ml) (the steroid was not in solu-
tion) was stirred at room temperature for 15 min and then stirred
and refluxed for 5 hr. The resultant mixture was worked up
as in the preparation of 2b. Removal of the solvent In vacuo
afforded a glass which was crystallized from acetone-methanol to
give 6 (0.26 g): mp 159-160° (recrystallization did not change
the melting point); [«]Z&d -27°; ir 765, 760, 747, 705, and 696
cm“1 nmr (CDC13) S0.68 (s, 3, 18 H), 0.96 (s, 3, 19 H), 2.23 (s,
6, N(CH32, 491 (m, 1, 6 H), and 7.16-7.67 ppm (m, 15,
aromatic H).

Anal. calcd for C,2HENO (587.85): C, 85.81; H, 9.09; N,
2.38. Found: C, 86.17; 11, 9.25; N, 2.17.

B.—A mixture of the diene 4a (0.29 g) and 10% palladium on
charcoal (0.03 g) in tetrahydrofuran (20 ml) was stirred and
treated with hydrogen at room temperature and atmospheric
pressure for 1 hr when approximately 1 mol equiv of hydrogen
was absorbed. After filtration of the catalyst, the tetrahydro-
furan was removed from the filtrate IN vacu0 to give an amor-
phous solid. Crystallization from acetone-methanol afforded 6
(0.25 g), mp 160-161°. The infrared spectrum was identical
with that of the sample prepared in A.

Registry_ No.—lb, 28463-69-6; 2h 8463-70-%;
33, 28463-710; 3. '28463-12-1; 4a, 28463-13-2; 4
28463-74-3: 53 108463-15-4; 5, 28463-76-5; 5, 28463-
11-6; 6,28463-78-1.
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The reduction of nitrobenzene by dihydroflavins (or dihydroisoalloxazines) in organic solvents leads to N-

phenylhydroxylamine and flavins (or isoalloxazines).
hydroxylamine, and azobenzene leads to hydrazobenzene. !
A-phenylhydroxylamine also slowly oxidizes reduced flavins, likely Via disproportionation
(to nitrosobenzene and aniline) followed by reaction of the product with dihydroflavin.

benzene and aniline.

Nitrosobenzene is very rapidly reduced to A~phenyl-

Azoxybenzene is sluggishly reduced to hydrazo-

The reactions of nitro-

benzene and six para-substituted nitrobenzenes with dihydro-3-methyllumiflavin in DMF over a range of concen-

trations follow good second-order kinetics (first order in each reactant).
Hammett relationship using a~ substituent constants, p~ = +3.6.

The second-order rate constants fit a
On the basis of these data along with

their relationship to electrochemical and other aromatic nitro reduction methods, a tentative initial step in-

volving electron transfer is proposed.
actant (second order overall).

The azobenzene reaction also displays first-order behavior in each re-
No intermediates were observed spectrophotometrically in any of these systems.

Aliphatic nitro compounds are unreactive to dihydroflavins.

s part of our studlef of the redox chemistry of
fIavms with organic mo ecules related to substrates
for flavoenzy mesZwe ave mveshgated reactions be-

tween OX|ddzed and reduced flavins me Scheme )
and the redox states etween cluding) nitro-
benzene and aniline. The fIavoenz mes |nv0Ived In
nitrate eructlon and in various m%ta ol (f thways
may perform reactions related to those descriped |n
this paper3 Nope of the compounds regorted In thl%
stud educed flavin, ut as reported pelow severa

?ft e 0XIdZ1 lon states of nitrobenzene oxidized reduced
lavins. ~ Aliphatic nitro compounds were unreactive.

Results

Nitrobenzene and. Substituted Nitrobenzenes,—
Aromatic, but not aliphatic, nitro compounds oxidize

(1) NSF Undergraduate Research Participant, Summer 1969.
(2) M. J. Gibian and D. V. Winkelman, Tetrahedron Lett.,, 44, 3901
(1969).

re?uced flavins to th normal oxi |zed fIaV|n nor z%nlc
so utlon solate C romatograp |ca ly an Id en
Xt In layer ¢ romatogre% hyan Sp ectrary nt e
case of nifrobenzene 1tself the rec?ctlon is rath er sug
g (humni; aj)promma(l ¥ ays_for complete r
xidation of 0 rotlavin with 102M nitro-
benzene In dimethylfor amlde DMF dimethyl sulf-
OXIde. DMSO) or acetonltnh
in layer chromatP%ra of the reactlon mixture
showed nfajor spots o yaroxylamine and
aniline Isunreacted startl matenal very work-
lrJTPRO e uret at we have used mP eparatlve ex en
e t however, led to estruc 1on of the 1ph
%; ox8/ m|ne wnh production of ?nl ine. . There |3
evidence as well thatp hene/l ydrox amine is reduce
W a cjreuitous, route djscussed below) to aniline b
ydroflavin. ~ Ultimately in the nitrobenzene reactio

(3) A leading reference is K. Yagi, Ed.,
University Park Press, Baltimore, Md., 1968.

“Flavins and Flavoproteins,”
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Figure 1—Representative pseudo-first-order plots of the ap-
pearance of oxidized 3-methyllumiflavin (at 447 nm) with time in
the presence of 4 X 10-33/p-chloronitrobenzenein DMF: A, 1.0
X 10-1 .V FH2 O, 5.0 X 10-5M FH»; 0, 25 X 10~5M FH2

° Only one tautomeric or resonance form for each state has been
drawn. Flavins are 7,8-dimethylisoalloxazines.

mtxture a 59% h/leld of anlhne sobéamed as deter-
mined gas cfiromatography (based on three suc-
esswe% ctron re UGtions, .. a 3to Lstoichiometry

nitrobenzene to flavin),

e kinetics of the OX|dat|on of dihydroflavin bry

nltr(obenzene and b y su bstitute (11 Jtltrobenzenes Were

udied 1n DMF. “Electron-withdrawing groups on
the nitrobenzene ring mgntflcanty e}ccelerate the rz}te
of fIavm oxidation, “FOF reasons o perlmena
CI|It t e thorough Kinetics of oxidatign of dih
avms a/ oh 0rQ |tr?ben17rene Was stud|eg The con
centration of 3-methyllumitlavin was varied from 25 X

Gibian and Baumstark

Figure 2.—Plot of the pseudo-first-order rate constants from the
data in Figure 1 (from variation of initial dihydro-3-methyl-
lumifiavin) VS. concentration of p-chloronitrobenzene. Each
point represents at least duplicate runs of each of three different
FH2 concentrations. The slope is the second-order rate constant
given in Table I.

10“5m to 10 X 10-4 m  and that of p chIoronltro
henzene was varied from 2 X 10~3wm t0 8
The reactions were Lun under ar?on in Schlenk tubes
which were spectrophotometer cells at 7he bottom. A
typlcal run was pseudo zero order in the nitro com-
po Hd and first order in flavin SFlgure %). Variation
of fhe concentration of each reactant showed the re-
actton to be second order ove; all (typical plot shown
N Figure 2) over the ran%e of our experiments. Ta-
bIe | "gives the second-order rate constants for a series

€3 ~ nod Registry no kz (Af_1 min-1)
OMe 100-17-4 (~3.3 X 10“2
-CH, 99-99-0 1.3 X 1041
-H 98-95-3 3.3 X 101
-Cl 100-00-5 1.3 X 10+1
(0]
]
CCHs 100-19-6 6.3 X 10+2
-CN 619-72-7 2.9 X 10+3
(0]
1
-C 555-16-8 4.4 X 10+3
\

of substituted nitrobenzenes under the same condjtions,
Data were obtained by varytn(]; the concentration of
each gltro compound over Et east . severalfod glood
second-order Kinetics e‘n?o taIHe in each case,

ure 3'is a Hammett or t |s reaction using o
Earameters The fltum norma asubstttuent con

tants 15 qujte. poor orte ano, an
%tou S, ! rggfctmp the wrong gréh of reactRntyn%r
and the gacetyl groups by large amounts.
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Figure 3.—Linear-free-energy correlation of the second-order
rate constants in Table | (itf-1 min-1) with Hammett </~ sub-
stituent constants.

Least squares ana Oy grves p~ - +3.62 £ 0.23 (in-

terce
NrProso enzene educed fIavrns are oxidized b%
nrtrosobenzene as fast as can be visually observed upo
mixing. orma oxXi rzed flavin can be recovere
quantrtatrve h/ and the su bstrate product is A-phen

)f]rox mine, as shown by recover ofazoxy enzene
when 4_twofold excess of nrtro(fobe zeneh dded to
flavin.45 Reactions 1 and 2 describe the chemistry

CeHINO + FH2— > CeHSNHOH + F (1)
CeHBNHOH + CeHINO — > CeHsN=NCeHs + HD (2)

involved here. We actually. rsoIate a 39% yreld of
ﬁ %benzene from the re}actron mrmure |n Ia er
atograp y shows_that It Is the ong
and we féel thaf the. yreId of 150 ated product rs no
d erbecause gf the isojation roce ure.

roxyl amrne r rofIavrns are very
sIowa oxr rzed ) favrns ox laming.
After a significant numb e a s we mostly

aniline ann wit varwus condensatron rocucts az0x
an azobenzenes) In the reaction mixture. It 1s know
th at dspro orironatron between tW? mole Hles of n-
B yrx amine leads to aniline apd nitroso-
enzéne eq ) and that subsequent condensation as

2CALNHOH —  CeHSNO + CeHsNH2 ?3)

q 2 leads to azoxybenzene Both nitrosobenzene

an azox enzene are capable of oxrdrzrn? reduced

avrn Furthe mare, nrtros benzene would %ad to 82
yro amrne 0 re uctr q ich th

es or to azoxy enzene eq rch 1S sIowa

0 that ut‘ atep the Q%ducts should be

anr ne an those resulting from azoxybenzene reduction

(vide infra).

)

(4) (a) S. Oae, T. Fukumoto, and M. Yamagami, Bull. Chem. Soc. Jap.,
36, 728 (1963); (b) G. A. Russell, E. J. Geels, F. J. Smentowski, K.-Y.
Chang, J. Reynolds, and G. Kaupp, J. Amer. Chem. Soc., 89, 3821 (1967).

(6) I. T. Millar and H. D. Springall, “Sidgwick's Organic Chemistry of
Nitrogen,” 3rd ed, Clarendon Press, Oxford, England, 1966, p 306.
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Figure 4.—Plot of the pseudo-first-order rate constants for the
reduction of azobenzene obtained by varying dihydro-3-methyl-
lumiflavin concentration (from 4 X 10-5 M to 1.3 X 10-4Af)t>s.
azobenzene concentration. The slope is the second-order rate
constant (see text).

Azobenze ﬁ ﬁ)benzene (s an efficient oxidj zrng
a ent or ro avin, producing a 62% Isolate

razopenzene aon with a_quantitative
reId of oxrdrzed flavin (eq 4). "This reaction Is second-

CeHsN=NCeH3 + FH2— > CeHsNHNHCeHs + F  (4)

order overall, frrst order rn reduced fIavrn and frrst order
In azobenzene. lot of the pseudo-first-
order rate consta drof avrn oxrdatron vs.
Initial azobenzene concentratron The slope, which | rs
the second- order rate copstant for the reaction, is 6.1 +
-min-1 (correlation coefficient 0.99). 'The rate

IS thus similar 'to that of the nitrobenzene reactron
Examination of spectra vs. time showed no Pur lﬁ)(ﬂc
Inte me rates a d hdv razobenzene was stable to bot
oxidized and reduced flavin.

Azoxybenzene.—Djhydroflavin and azo benzene
slowly “produce oxidized flavin (100%) aldng wrth
aniline —33%,) and hydrazoben ene g 3
reaction’ is qurte slow’ compared to the az benzene
and nitrobenzene reactions but of apout the same
rate as the reaction of N-phenylhydroxylamine.

Discussion

The patterns for reduction of nitrobepzene and its
artially reduged derrvatrves y dihydrotlavin follow a
attern” not drssrmrlar rom fhiat of other organr re-
ucing agents. Th emec anisms of reduction” of these
unctron grou S ave not been studied In detal for
nhan y of the n rtma reducin agents but te en ral

rvatrons In this stud seem 10 Y
avr at aﬁ roximatel the strengﬁh an specr ICI nX
o meta ic rn neutra agueous solution. " Lithiu
umrnum rr e sug%rs red uces most of these
errvatrves ut most 0f the other metal hydrides
are iner

gexce t that a” reducing agents essentially
are rapl cient wit nrtroso com ounds)6 Cata-
ydrogenation, on he other, an uite effrcrent
duction of all the oxi atron st tes.

tic
In the' re
(Frowavrn 15 thus p?aced between LIAHL and cataIyth

(6) J. March, ‘“Advance d Organ
N. Y., 1968, p 890 ff.

ic Chemistry,” McGraw-Hill, New York,
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hydrogenatron in specificity and similar to the dehy-

dropyridines./
Vt% tend to favor, from several lines of reasonrn? a
pathway Involying ' successive one-electron  transfers
as the mode of reduyction of the nitro compounds by
drhydroflavrnsd t;hltdhrﬁu(?h rglnrtrobenlza{ﬂeh dte IS very
reduce inydroflavin, only the Aitrg grou
regcts Wrth meaI hlyy rides drrecth dride r?oﬂors
on the other h de functiondlities are more
readily reduced than are nrtro compounds.6 Radical
anions of nitroaromati¢ compounds are highly sta-
bilized, and evidence for their Intermediacy in the
reduction of nitrobenzenes by sodium arsenité, sodjum
ethoxide, or glucose s the observation of the fransient
epr spectrum of the nitrobenzene radjcal ion, the nifroso-
benzene radrcaI lon, anﬂ B and BN scrambling.d
Scheme 11" depicts a pathway involving a slow one-

scHemE Il

FH, + © -N Q , —
<+ )/-NO, + FH + H+ (5
followed by
FH' + NQ2
n —NO + F-+ OH" (6)
or
FH, + NO,
NO + FH- + OH* (7)
2FH- ~ F + FH2 (8)

electron transfer stelr) (§ sy followed b}/ reaction 6
or by reactions 7 to arrive at nitrosobenzene
for the pitrobenzene reaction. Rapid reduction by
eq 1wou|d follow.

Th e necessrty of using <~ substituent parameters

(? Hammett Iodt indicates that nedatrve charge
rrectlg/ conﬁug ted with su strtuents n the tran
tron state.  ThiS could, of course be elther a two-
oroneeectron transfer butthe ollowi 1gnconsrderatron
mf?gse som% ?ht on'this auestron esu strtu)ent

dton the half-wave red tion potential of subst
ﬁute nitrob enzengs In DMF a en |nvestrgated8rt
aving been foun that p (volts) 1s equal to"approxi-
mately +0.35 to +0.40 V7 "The’a- parameters gave a
better frt %f the data ConvertrnP ;ﬁ bh Into. the same
units as that obtarned I norma anistic organic
chemistry9 ajinF/rT)pr = P £~ for the electro
chemical” reduction 15 equal o]
the present study, - was +36 Itrshrg Iyprobably

(7) D. C. Dittmer and J. M. Kolyer, J. Org. Chem., 27, 56 (1962).

(8) (a) P. Zuman, “The Elucidation of Organic Electrode Processes,”
Academic Press, New York, N. Y., 1969, p 132; (b) A. H. Maki and D. H.
Geske, J. Amer. Chem. Soc., 83, 1852 (1961).

(9) (a) C. L. Perrin, Progr. Phys. Org. Chem., 3, 292 (1965).
ssumed, arbitrarily, that ana = 0.5 This
for this chemica

(b) We have
would seem not unreasonable
| situation, since a is generally between 0.3 and 0.7, and na

in a kinetic sense may realistically be assumed to be close to 1.0 electron.

Gibian and Baumstark

that the electrochemical reduction i in fact a one-
electron process as the rate-determining step.95 The
Implication is that, in the transition “state for the
flavin reduction and in the electrochemical process.
roughly the same negative charge Is transferred onfo a
trobegzene nucleus Russell” «¢ at.,Lhave studer
the substituent effects on the one-electron transfer
from fluorenide anion and. from acetophenone gnolate
to substituted nitroaromatics.  Solvents were different
from those used jn our study, but the two p values
wer%apProxrmateI 2.0 and 2.7, resp ectrve}/
iterature contains numerous references to a
value of < for the p-formyl group of +0.21, which
was found to be In error because of an unreco nized
chemical reaction takrnﬁ Pace In the orrﬁrna study
By lonization of terephtha a deh y ,
re ort a more reas nablev ue of +0. 45 %ecourse
of ourstu Ies we ad to choose a value fort |s group
utrmate %r the <~ parameters were found to” give
the best f) and caIcuIated It from Taft’s nmr data,
uﬁrnr\;/ ooR+ or-2 The value was +0.55. Thus
alue o proxrmately +0.5 is clearly preferred
from two ind epen dent studies and Is more in accord
with that ex ge} cted. based on the acetr)y (> = +0.52
and the carbéthoxyl groups (ap = +0

etal.,n

Experimental Section

Reagents.—Solvents used in product studies were reagent
grade materials, distilled before use for kinetic studies. Ribo-
flavin (Aldrich) was recrystallized from 2 M acetic acid. Lumi-
flavin, 14 3-methyllumiflavin,is 3-benzyllumiflavin (via 3-benzyl-
barbituric acid),i6 10-phenylisoalloxazine,i7 and 3-benzyl-10-
phenylisoalloxazine (Via benzyl bromide and 10-phenylisoal-
loxazine analogously to the flavin seriesly were synthesized by
published routes. Nitrobenzene (MCB) was distilled before use.
Substituted nitrobenzenes (MCB reagents), azoxybenzene
(Eastman), azobenzene (MCB), hydrazobenzene (Aldrich), and
nitrosobenzene (Aldrich) were recrystallized from ether-pentane.
All gave satisfactory melting points. V-Phenylfiydroxylamine
was synthesized by a standard procedure, mp 80-82° (lit. 81°).8

Exploratory and Kinetic Experiments.—All reactions were
run in the rigorous absence of oxygen. This was accomplished
by bubbling argon through all solvents and reagent solutions for
at least 0.5 hr before initiating reactions. Care was taken to
rigorously exclude light from all stock solutions and reactions
except while spectra were being recorded.

Reactions were run in several types of vessels, but all of these
were modified to effectively be Schlenk tubes. In many of
these experiments, the tubes were constructed from 1.5 in. of
1-cm square Pyrex tubing rounded off and sealed at the bottom
and fused at the top onto ordinary cylindrical Pyrex tubing
terminating in an f 14/20 or 19/22 inner joint. Just below the
joint was a side arm with a stopcock at approximately 45° from
the vertical. This sidearm was used for blowing argon over the
top of the solution while adding reagents. To cover the tube
an outer T joint of the same bore terminating in a stopcock was
used. In this manner, solutions could be deoxygenated, reagents
added rapidly, and spectra recorded very shortly after mixing.
Additional reagents could be injected at any time without admit-

(10) G. A. Russell, et al.. Advan. Chem. Ser.. 51, 1112 (1965).

(11) A. A. Humffray, J. J. Ryan, J. P. Warren, ami Y. H. Yung, Chem.
Commun., 23, 610 (1965).

(12) R. W. Taft and I. C. Lewis, J. Amer. Chem. Soc., 81, 5343 (1959).

(13) C. D. Ritchie and W. F. Sager, Progr. Phys. Org. Chem., 2, 334,
(1964).

(14) P. Hemmerich, S. Fallab, and H. Erlenmeyer, Helv. Chim. Acta, 39,
1242 (1956).

(15) P. Hemmerich, ibid., 47, 464 (1964).

(16) J. B. Dickey and A. R. Gray, “Organic Syntheses,” Collect. Vol. II,
Wiley, New York, N. Y., 1943, p 60.

(17) R. Kuhn and F. Weygand, Ber., 68, 1282 (1935).

(18) O. Kamm,
N. Y. 1941, p 445,

“Organic Syntheses,” Collect. Vol. I, Wiley, New York,
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ting air by reattaching the vessel to the manifold, keeping a
stream of argon blowing, and adding deoxygenated reagents Vla a
gas-tight syringe. Flavins at the reduced level could be retained
in the vessels for quite extended periods without any reoxidation,
and many reopenings and closings of the tubes could be performed
without the introduction of air.

Flavins were reduced by the addition of very small aliquots
of freshly prepared sodium dithionite (Na2S20<) solution in 10 -3
M NaOH or by catalytic hydrogenation over Pd on activated
silica gel (followed by anaerobic filtration of reduced flavin).
The dithionite solutions were standardized by titration of oxidized
flavin in separate experiments and were stable in dilute base for
several hours. Catalytic hydrogenation was used primarily for
product isolation experiments, but it was shown that spectral
observations were identical with those in dithionite-reduced
flavin experiments.

Kinetic runs were followed in the visible region on a Cary 14
spectrophotometer by observing the increase in flavin absorbancy
upon oxidation. For slow reactions the spectrum was scanned at
appropriate time intervals while faster runs were continuously
monitored at the Xnax for oxidized material (447 nm for flavins,
437 nm for isoalloxazines).

Product Isolations. Nitrobenzene.—A DMF solution (100
ml) of 3-methyllumiflavin (0.138 g, 0.511 mmol) in a 250-cc
round-bottom flask equipped with a Schlenk adapter at top was
thoroughly deoxygenated by argon bubbling and reduced with
1.0 equiv of dithionite solution. Nitrobenzene (3.0 g, 24 mmol)
was added anaerobically and the solution allowed to stand under
a positive pressure of argon in the dark for 1day. Upon opening,
tic showed major spots for nitrobenzene, JV-phenylhydroxyl-
amine, aniline, and a very slight amount of azoxybenzene. The
bulk of the solution was passed through a silica gel column using
ether-pentane (3:1) as eluent to remove the flavin (which is
strongly retarded). Tic of the chromatographed solution still
contained Arphenylhydroxylamine and aniline. The solution
was stripped down and then vacuum distilled. At this point,
large amounts of aniline were observed on tic (see Arphenyl-
hydroxylamine below).

10-Phenylisoalloxazine (0.870 g, 3.00 mmol) in 1.5 1 of metha-
nol was deoxygenated and reduced as above, 6.0 g (48 mmol) of
nitrobenzene was added, and the reaction was allowed to proceed
for 3 days. Methanol was removed at room temperature and the
residue passed through silica gel to remove isoalloxazine. The
total product mixture was then taken down to 45.0 ml and
analyzed by glpc. Comparison to an external standard showed
there to be a total of 0.055 g (0.59 mmol) of aniline. Based on
net six-electron reduction, the theoretical yield of aniline (based
on flavin) is 0.093 g (1.0 mmol); thus the yield represents 60%
of the reducing equivalents from reduced flavin.

Nitrosobenzene.—Preliminary experiments with equimolar
dihydroflavin and nitrosobenzene showed aniline and hydrazo-
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benzene to be present. The reaction is complete almost immedi-
ately. In two careful experiments, 0.270 g (1.0 mmol) of 3-
methyllumiflavin in 110 ml of DM F was deoxygenated and reduced
as usual. Analysis on the Cary 14 showed that the flavin was
66% reduced (0.66 mmol). To this solution 0.21 g (2.02 mmol) of
nitrosobenzene was added. Tic showed only azoxybenzene as the
product before and after removal of the DMF by vacuum distilla-
tion. Extraction with pentane and crystallization yielded 0.050
g (0.25 mmol) of azoxybenzene of high purity, a 38% overall
yield.

ArPhenylhydroxylamine.—Ar-Phenylhydroxylamine, allowed
to stand in either methanol or DMF in the presence or absence
of flavin or dihydroflavin, produced significant amounts of aniline
in a few days. Upon removal of solvents from these solutions,
significant quantities of tarry material were obtained. It was
concluded that further attempts at product isolation would not
be worthwhile.

Azobenzene.—3-Methyllumiflavin (0.0880 g, 0.32 mmol) in
100 ml of DMF was deoxygenated and reduced as usual with
dithionite. Azobenzene (0.338 g, 1.86 mmol) was added and the
solution allowed to stand for 3 days. Tic showed that both
hydrazobenzene and azobenzene were present in the reaction
mixture. After passing the reaction mixture through a silica
gel column to remove flavin and rechromatographing the eluate,
the isolated yield of hydrazobenzene was 0.037 g (0.20 mmol),
62% overall based on dihydroflavin.

Azoxybenzene.—3-Methyllumiflavin (0.0071 g, 0.026 mmol)
in 250 ml of methanol was deoxygenated and reduced as usual,
0.047 g (0.24 mmol) of azoxybenzene was added, and the solution
was allowed to stand for 3 days. At the end of this time gas
chromatography showed the presence of azoxybenzene, hydrazo-
benzene, and aniline. The ratio of hydrazobenzene to aniline
was about 2 to 1. Flavin was removed from the solution by the
usual method, and then the entire product mixture was taken
down to 5.0 ml for glpc analysis. Based on an external standard
added to this solution, the total yield of hydrazobenzene and
aniline is close to 100 % with a ratio of hydrazobenzene to aniline
of2 to 1.

Registry No.—Dihydro-3-methyllumiflavin, 23542-
57-6:” nitrosobenzene, 586-96-: azobenzene, 103-33-3:
azoxybenzene, 495-48-7.
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Several compounds, which might have been expected to undergo a elimination in aqueous alkaline solution,

failed to give the anticipated mixtures of thiol,

carbonyl compound, and hydrogen sulfide.

Rather, fairly

stable hemidithioketals were formed, apparently by the rapid conversion of the initially formed carbanions into

stable thiolate anions.

meso-1,2-Dithiane-3,6-dicarboxylic acid (1) in 0.1 N NaOH was transformed into trans-

2-mercaptothiolane-2,5-dicarboxylic acid about 100 times as rapidly as the corresponding racemic disulfide was

transformed into the cis isomer.

The bicyclic anhydride of : decomposed at pH 8.6 in the same fashion, but even

faster than did 1 in 0.1 N NaOH. The diethyl ester of 1 is about as sensitive to alkali as is the anhydride.
Dithiodisuecinic acid decomposed predominantly by the alternative method and to a small extent by a elimination.

position by one of three alternative Eathways as (eter-

osm
TP he|r moIecuIar structure
Isulfides in_which aé)roton on a carbon atom a to a
sultyr Js sufficiently a (ﬂc abstractlon of this pTro on |8
the Initiating step”in alkaline decom os|t|on ollowe
Py the comh Ietlon of étn a tehllmfmatl {1 Tfese breac
jons are characterjze e formation of carbonyl
comp ounds an tt hio yand hy (Jn ogen sul ftdae |n a
sim e mtegnral ratto Authenttcate cases of 6 elim-
Ination are much less comm n4a|tt\ough some Versjon
o this mefhanjsm IS invoke to exo am érans ormation

Xsttny residues |nto ant Ion re3| ues aprocess

h is still not un erstoo Inal ?/ direct nucleo-

PhI|IC dlsglacement of sulfur from sul ut[ th/drome
on agpe s to cover the majority of all cases re
ported.?

uantitative data in support of 4 elimjnation have
begn qbtained for cﬁ thiod 5’5’ fate. w ICL gIves merca?
toacetic acid and hydrogen sulfide in the ratio of

Orgarotbc dISU|fI(? ?]a peﬁr to undergo alkaline decom-
de
|

and for 2,2-dithiod te. which 2-
tott)roglronlc aétH'OhY'%rr% e 'tttuvt‘tgrttpa
ratio s expected that meso-1,2-di-

thtane 3,6- dtcarboxP/hc acid. (1), because of its structural

anao o 2d|th dlg pI0nI acid, would decom 0se
a3| [ashlont ford 2- etoS!]n rcaptoh e>ﬁtne

0|cac| an equwa ent amounto K rogen sulfi
decomp ose at about the same speed

Actuall
ésee]T o’le % t ec clic omgound gtvesnotatrace
¥roe su e, ndt Isappearance of each
disultide 8{oup OrresPonds uantltatlveg ﬂ the, ap-
earance 0f one thio g g oaccogrg r these facts
esuog st that the carh HIOH formed hy the (ﬁbstrac
tion of"the proton fro t] e a carbon 15 rapidly con
verted |nto a stablet ate anion, a five-mermbered

cyclic  hemidithio ransZmerc tothtolane25
tlcar%ox Pcacto 31 ° lP

héme | 2 Was re-
covered &s a crystall ﬁroduct hoseéhlol ontentang

gtteutrtaltréattozn et%gnrlgle t C0 Lesg(t)e] ed to the aseslt(%nte

u w |

M |odide ti) urnlslh 3}’ ?lsta Iling g(t]ro uct w os)e
ental analysis, Aae traltzatlone ulvalent, Can nmr

spectrum correspon ed to th estructu e assigne

irst prepared the mes com ound |,
showed ﬂaat It couIJ e)aa y be converte(? into the more

(1) Postod
(2) J.P. Danehy and K. N. Parameswaran, J. Org. Chem., 33, 568 (1968).
(3) J. P. Danehy and J. A. Kreuz, J. Amer. Chem. Soc., 83, 1109 (1961).
(4) J. P. Danehy and W. E. Hunter, J. Org. Che.m., 32, 2047 (1967).

(5) A. Fredga, Ber., 71B, 289 (1938).

octoral Research Associate, 1969-1970.

the cases of

Tabtre |

D ecomposition of tocso-1,2-Dithiane-3,6-dicarboxylic

Acid (1) in Aqueous Alkaline Solutions at 35.2°

%s

Time, accounted
hr RSSR RSH % dec for»
0 15.9» 0» 0 100
i 13.0 3.50 18.2 103
2 10.2 5.91 35.3 102
4 6.10 9.10 61.0 96
6 4.67 11.40 71.0 101
0 14.16 o* 0 100
0.5 11.7 3.15 17.3 105
1 9.21 5.45 34.7 104
2 6.16 8.40 56.4 103
3 4.36 10.13 69.1 103

»M X 104in0.0580 N NaOH. sM X 104ino0.1188 N NaOH.
¢ On assumption that

stable race ic one @ heating above its rHeIttng
point for a fe wmtnt erace IC comgoun 4 de
composes see Table I[) in exactlg the same fashion s
does the meso one (1), bu ecomﬁosnlon of 118
approximately 100 times as rapid as that of 4 under

4

omparably alkaline conditions. In order to account
%or tﬁISS stanttanlfcference it should B notehd that In
1one oftrte protons must e%xw nd tetae other equa-
toria I smce oxyl groups can

ile in 4,
F (Elfflcu?mtons Probably are- axial

scarcely be axial,
an theyre?ore equally tto abstract
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Tabre Il

D ecomposition of Racemic 1,2-Dithiane-3,6-dicarboxylic

Acid (4) in Aqueous Alkaline Solutions at 35.2°

%S

Time, accounted
hr RSSR RSH % dec for
0 17.1« 0" o] 100
16.7 0.35 2.0 100

24 16.5 0.48 3.0 99.7
0 16.31 04 0 100
3 15.8 0.52 3.1 100.1
15.0 1.07 8.2 98.4

24 13.7 2.72 16.2 100.3
0 15.9¢ 0 0 100

1 15.5 0.64 2.3 99.6

4 14.2 2.18 10.7 96.3
6 12.6 2.95 20.9 97.8
9 11.7 3.92 26.6 98.4

oM X 104in 0.0578 N NaOH. ‘M X 10'ino0.1984 N NaOH.

4M X 104in0.500 N NaOH.

Consideration of a difference between the reactron
groduets ftrﬁm the %Ikahne decomp%srtr%ns of t
orts the mechanism proposed. . Deco osr on

npp which the Cﬁ n] PluBs are Cis, shon\d grve2
and3 In which the ca o groups are trans,
omposition of 4, In which the carboxyl groups are
tran should give the hemrdrthroketal 5and its s-
ethyl dervativ ?rn whrc t ecar 3xy grou sare crs
As @ matter o 6 are diastereomers;6
former melts at 1 ? and the IIatter at 15 615
That 3 and 6 have almost identica nmrspectra is not
mconsr?tent wit th(err structyres. . The, known struc-
tures of T'and 4, ang the considerations éust given, are
the bases for assrgnrn? trans configurations t0 2 and 3
and cis configurations to 5 and 6.

(6) As shown in detail in the Experimental Section, 1 gives both 2 and
in the ratio of 65:35, and 4 gives both 2 and 5 in the ratio o
tively. While the reactions are not stereochemically clean erhaps because
of some scrambling at the carbanion stage, the observed predominances
support our conclusion
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The bicyclic anhydride 770f 1is exceedingly sensitive
to alkaling deconiposition, more sensitivé "than_any
other disulfide that has ever been reported (see Tanle
[11). At pH 8.6, 7 decomposed much more rapidly

A queous Alkaline Solutions at 35.2°at
%s
Time ounted
min RSSR RSH % dec for
0 16.60"
20 11.39 5.21* 31.3 100
40 9.18 6.75 44.7 96
60 8.42 7.58 49.3 96
90 7.50 8.62 54.9 97
120 6.86 9.14 58.7 96
180 5.53 10.42 66.7 96

“M X 104in 0.2 M phosphate buffer at pH s.6s.

than did 1in 0.1 ~ NaQH. The analytical results cer-
tarng are_In accord with the idea that deeomposrtron
procéeds in the same manner (see Scheme I1), and

0A"cr"\) OH

8

the ohserved speed precludes the gossrbrhty that, hg/
drolysis of 7to 11 Efollowedb y alkal r]ne decd gosrtr r}
of L However, the 1solation and characterization 0
t e2mercaé)toth|0 ane25drc%rb lic acrd an P/ rigle
is not claimed.  Indee £ason 0 te otation

re urred for the aftack of the car anion on the remote
su ur, If mag e that 8 is never f(?rmed the breflkrn of
h T fur-sl ur bon mag In u(e the srmutane us

ro srsto tetan bebI t%ve 2 I
ementary factors probably account for the
#Brence In s%nsrtrvrt d In 7the Inductive effect o? ﬁ
%/ens which Increases the_lability of the Frotons

t mitigated by t ene?atrvec rgew ch Is neces-
Earrypres ntin 1~ Construct ?no amo ri shows that
fOtt a Protons atre unequivoca g/ertruatt%ra " That the
irs e factors Is more important than the secqn
rs mr?rcatea by the fact that the alkaline (?ecomposrtron
f the |eth¥/ ester of}tlrsamost as facile a apato
see Tabl 2 Nor should_ it be overlooked that rtnﬁ
strarn ma es omec ntribution to the ease with whrc
e] P gtrca carbanion attacks t remot su ur
W |e ihedral angle about t e sulfur- sg %
Is A In a wide vafl go .acyclic disulfi es8|t
been shown to_be only 60° in 49 and presumably s
about the same in 1

(7) L. DeMytt, U. S. Patent 2,930,799 (March 29, 1960).

(8) O. Foss in “Organic Sulphur Compounds,” Vol. I, N. Kharasc h, Ed.,
Pergamon Press, Oxford, 1961

(9) O. Foss and T. Reistad, Acta Chem. Scand., 11, 1427 (1957).
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Table |V

Decomposition of meso-1,2-DiTHIANE-3,6-DicARBoxYLic a
Diethyl Ester in Aqueous Alkaline Solutions at 35.2

% S
Time, accounted

min RSSR RSH % dec for

0 11.35* 0 100

20 9.42 1.79¢ 16.7 99

40 7.91 2.91 30.3 96

60 7.43 3.50 34.6 97

90 6.51 3.91 42.6 92

120 6.22 4.43 45.3 94

180 5.67 5.18 49.0 96

0 9.30* 0 100

4 hr 8.12 1.10%* 12.7 99

22 hr 7.97 1.19 14.3 99

“M X 104in 0.2 M phosphate buffer at pH s.68. hbM X 104
in 0.2 M phosphate buffer at pH 7.00; no hydrogen sulfide de-
tectable at any time.

In view of the extreme sensrtrvrty of the anhydride
710 decomPosrtron in mildly alkaline solutron |t rs a]r-
ticularly Interesting that |n orderto 5( rolyze it to't
corresponding dicarboxylic acid (1) 1t 1s necessary_ to
reflux Jt In a(ueous 2 ~ HC1 for several hours. The
drsullfrde linkage survives this treatment quantita-
tively

However ac clrc disulfide is nota necessary condi-
tion for the kind of reaction described here
found that diethyl drthrodracetate was cl eave at a Iow
temperature by Sodium methoxide in anhydrous meth-
anol to grve the rather unstable ester of Z-mercapto-3-
thragslut rne acrd and proposeq a mechanism essentiall
ame as the one invoked here. It was ex ecte
E)hat dithiodisuccinic acid (o). woud decom ose eadr
y = elimination to qrvee quivalent amounts of oxao
acetate (ketosuccinate), mercaptosuccinate, and hy-
drosulfide. The determination of relativel smﬁll
amounts of hydrogen sulfide (a maximum of 5% of the
total sulfur rather than the expected 50%) gave evj-
dence that this may be a minor pathway. An aﬁproxr-
mate sulfur balance s obtained ' (see Table V) when the

Table V
D ecomposition of Dithiodisuccinic Acid (9) in
Aqueous Alkaline Solutions at 35.2°
% s
Time, accounted

hr RSSR RSH % dec for
0 8.30" 0 0 100
24 6.10 2.47" 26.5 103
48 4.80 4.50 42.2 112
0 8.95* 0* 0 100
1 8.14 1.28 9.1 105
3 6.68 2.75 254 105
6 5.64 3.90 37.0 106

“M X 104in 0.1492 N NaOH. bM X 104in 0.5112 ATNaOH.

Eata are treﬂted on the assu ptron %hat a_hemidithio-
etal 10 is the principal pro uct (Scneme [11),  How-
ever, attempts to p reTparet e S- eth}/n ﬂterrv ive of 1
resulte on¥ In the formation of 2 mol of the >S eth
dervative 0 mercaPtosuccrnrc acig (1) for each mo
of the ortgm ITide o tt would not be dn"frcHIt 0]
account tor the formation of 1 mol of 11; 10 might be

(10) E. G. Howard, J. Org. Chem., 27, 2212 (1962).

CDI—IC)

owardd

Danehy and Elia

~ v ' a
/P c/
scch2c% minor r o/ Nwd OH 0=C/
0 — *S=L\ /r - N -
/0 CH:C. ch b
schchac, T
SO .
X" +
CA > / /0 - SH-
| -SCHC"q
,0 [~
major / CHC% )
sSn N)
\ \
EtSCHCA
Etl N )
Xr
ch2c:
(7 \ % 1

in equilibrium wrth a very smaII amount of the_same
Produ ts which would result d rrectgl rom an a elimina-
lon (dotted arrow In Scheme [11), and under aIkyIatrng
conditions, the mercaptosuccrnate might compete_for
1the ethyl 1oglide to the exclusjon of its precursor.  The
ormation of a small but significant amount of hydrogen
sulfide 1s in a?reement with this view. Howéver, we
are at a Ioss 0 account for the repeated recovery of
a mos[ mol of 11 for each mol of 10.

t least two other experrmental facts support the
view that the hemrdrthroketa 10 IS formed and Dersists
In alkalrne solution. o]rrn%vt e al arne decomposi-
tron of o, a sorPtron with a Well-defined maximum at

6 nm gradually Increases to a maxjmal value which
persrsts Indefinitely. Treatment with ethyl lodide
dissipates the absorption. ~Also, acidification of an
alkaline solution to pH 1-2 destroys the absorption, and
It oes not rea ?earu on makrngi the solution alkaline
agarn owe er, when an alkaline solution 15 neu-
tra |zed on to pH 10 eva ora ted to dryness, and re-
dissolved 1 waer the absorption at 296 nm s still
Present Ar atrc thiolate ions absorh maximally i
he range of 235 250 nm e\nd aromatrc nes In"the

2653 nmll F ur%/ and To |er]2 have
%n r]ved éhe eveIo ment o sor tror& % n]
which gradual ypass s over to 3 uring

arne decom osrtron of drthrodr cetrg acld, Ear ier
Rosenthal and Oster23 ohserved the a sorpt lon at 335
nm and attributed it to thioglyoxylic acid, S=CHCOAH.
It seems reasonanle, then, “that the Persrstent absorp-
on at\296 nm Is attrrbutable to the a ka I- stab e 10 aHd
the absorption at 315 nm s attributabl
transren 2merca o -3- thraglutarate lon whrch Fleury
and Tohrer ave rs ae
All of these facts furnish a basis for resolvrno the
apparent contradiction between our earlier results on
the alkal me decomgosrtron of |th|od|aoetae and the

report of Fleury and Toh rerw 0, fo owrn the decom-
posrtronsectr tome rrcah and oar raphrcalv
could fin noe ence droge sulfr In our

(11) J. P. Da
(1968).

(12) M. Fleury and J. Tohier

(13) N. A. Rosenthal and G. Oster

ehy and Iv. N. Parameswaran, J. Chem. Eng. Data, 13, 386

, C.R. Acad. Set., Ser. C, 264, 693 (1967)
,J. Amer. Chem. Soc., 83, 4445 (1961)
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aliquots ofthe reaction mixture were quenched in
acrrfb eana ySis, anr? It mrnh“h Mh qn rhemrdr
th |0merca tal undergoes hydrolysis and that hydrogen
sulfide appears onlyat that stage. We have fecently
foIIonedtedeco position of ithio |aceta%e In aque-
ous alkali spectrop otometrrcalyan have found that
under the same conditions that led to SM decomg
srtr0n3accor Ing t0 our analyses the a sorptron at 15
nm was still maximal. Thé conditions under which
Fl eu% and Tohrer oberved the transition from 315 to

weremuc more alkaline.

It aﬁ pears likely then that in the cases of those disul-
frdesr which a proton on a carbon a to sulfur Is suffi-
cientl acrdrcso at rotona straction Is the operative
Initial st tPrnakalrne ecomposition, three alternatives

are possible (Scheme V), and the one most difficult to
Scheme IV
-RCR'SSCHRR'"--------
1]
VoI V
+ -SCHRR' <---ems —omoeee
™Y V
Joir
HS-
authenticate, direct eIrmrna a), is the one we have

until recently considered to ost li JS
til t dt t likely. It
now clear that pathway b can ea to stable cyclic
Eroducts After the fact this |s not too sur rrsrng
ince Owen4 has shown that cyc IC hemrmonot roace
taIs are more stab(lje than th errt ox%/gnen ﬁnao gs, and
reporfed several quite stable hemimer
tas Wrtsh g clic drsulfrae pathwa b canr?eagP
g a"tha“”Etats'em'?t%”t‘ae%'%t S i faoduct
relafively stable pro ucts whose final disposition is no
ol a5 1 ihe cabe o dhihigdlacetate, or 9
g?nrrarpeletey understood, as in the case of dithiodisuc-
ecen eve and Nees®H reported tha
tly. R d Neeshb ted that 2,2
enyldithiodiacetic acid 12) was esrstant to attack
ﬁanre)rlast g(r)n)monrraesaet results ar sur rrs f r wo
uite d ferent reasons.  First, S tﬂr)% 8 h
sulfide decomposes readi aueouaar
econt! IS to% g Xpect eg ay H q ?groups
would 1abr #ze the ﬁrotons on the carbrms 50 that
%ar anhon ormation In this disulfide would he more
acile than, In thearead sensitive throdracetrc acld.3
e ave | ye t| ated the beha lor of 12 In agueous
kali and that It is indeed more sensitive than

drthrodrac trc acrri >tsee Table lrh and thaé the resylts
correspond formally to an a elimination (Scheme 1V,

(14) J. M. Cox and L. N. Owen, J. Chem. Soc., 1130 (1967)

(15) L. Field, B. J. Sweetman, and M. Bellas, J. Med. Chem., 12, 624
(1969).

(16) W. Reeve and M. Nees, J. Amer. Chem. Soc., 89, 647 (1967).

(17) A. Schéberl, Ber., 67B, 1545 (1934).
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Tabte VI

D ecomposition of 2,2'-Diphenyldithiodiacetic Acid (12)

in Aqueous Alkaline Solutions at 35.2°

% S

Time, accounted
hr RSSR RSH H.,S % dec for
0 9.65" 0 100
1 5.08 4.86" 3.88" 47.3 98
2 4.44 6.03 5.06 54.0 102
0 9.706 0 100
1 8.22 1.666 0.826 15.2 98
2 7.18 2.90 1.44 26.0 97
3 6.96 3.24 1.82 28.2 98
5 6.68 3.68 2.56 31.1 101
10.5 5.49 4.64 3.73 43.4 100
24 4.00 6.04 5.13 68.8 99

-In 0.100 N NaOH. &1In 0.0180 N NaOH.

gathway a), irrespective of whether the re actron r0-
eeds via a Or b plus.c. As exRecte the ord of
decreasing sensitivity is (-SCHPhCOH)2 > (-SCH2
COH)2>"(-SCHMeCOH)2

Experimental Section

Materials.—meso-2,5-Dimercaptoadipic acid, melting at 175-
177° (lite mp 188°), 94.5% thiol by titration with aqueous
potassium triiodide, raeso-2,5-dimercaptoadipic acid diethyl ester,
melting at 54-56°, 97.4% thiol by titration with aqueous potas-
sium triiodide, meso-l,2-dithiane-3,6-dicarboxylic acid anhydride
(7), melting at 74-76° (lite mp 77°), and 2,2'-diphenyldithiodi-
acetic acid (12), melting at 201-205° (lit.1s mp 210-212°), were
gifts from the Toni Division of the Gillette Co., Chicago, 111
Mercaptosuccinic acid, melting at 154° (litis mp 149-150°),
99.3% pure by determination of neutralization equivalent, was
a gift from Evans Chemetics, New York, N. Y. mes0-1,2-
Dithiane-3,6-diearboxylic acid (1) was prepared by oxidation of
the corresponding thiol in aqueous solution with either aqueous
potassium iodide or aqueous hydrogen peroxide. After recrystal-
lization from water, 1 melted at 197-199° (lit.émp 199°). Racemic
I,2-dithiane-3,6-dicarboxylic acid (4) was prepared by heating
m~-5 g of 1in aporcelain dish at ~230° for 7-8 min until the melt
resolidified. After recrystallization from glacial acetic acid, 4
melted at 267-279° (lit.s mp 275° dec), [neso-'i ,2-Dithiane-3,6-
dicarboxylic acid diethyl ester was prepared by oxidation of the
corresponding thiol in ethanol solution with a solution of iodine
in ethanol; evaporation, extraction of the residue with ethyl
ether, and evaporation of the ethereal extract gave an oil which
distilled at 117° (0.5 mm). Dithiodisuccinic acid (9) was pre-
pared by oxidation of the corresponding thiol in agueous solution
with agueous hydrogen peroxide. After recrystallization from
acetic acid-benzene, it melted at 171-173° (lit 19 mp 168.5°).

Transformation of mcso-1,2-Dithiane-3,6-dicarboxylic Acid (1)
into 2-Mercaptothiolane-2,5-dicarboxylic Acid and of the Latter
into 2-Ethylmercaptothiolane-2,5-dicarboxylic Acid—1 (4.9 g)
was dissolved in 200 ml of aqueous sodium hydroxide (10 g of
NaOH) under nitrogen at 35.2°. After 4 hr analysis3 showed that
the decomposition was substantially complete. The solution was
acidified to pH 1 with hydrochloric acid and extracted with ethyl
ether, and the ethereal extract was dried with magnesium sulfate
and evaporated to dryness to give 3.5 g of a solid thiol. Extrac-
tion of this solid with chloroform left 2.3 g (65%) of a thiol
insoluble in chloroform which, after recrystallization from ethyl
ether-Skellysolve B, melted at 139-142°: ir (KBr) 3000 (CH),
2600 (SH), and 1690 cm«1 (COOH); nmr (D20) 52.58 (J = 155
Hz, multiplet, 4 H, methylene), 4.38 (J = 263 Hz, t, 1H, methine).
This compound is considered to be 2, the trans isomer. Evapora-
tion of the chloroform solution gave 1.2 g (35%) of a thiol which,
after recrystallization from chloroform-Skellysolve B, melted at
117-120°: ir (KBr) 3000 (CH), 2600 (S H), and 1690 cm-*1
(COOH); nmr (CFsCOOH) 6 2.71 (J = 163 Hz, multiplet, 4

(18) B. Holmberg, Ark. Kemi. Mineral Geol.,, 6 (1), 1 (1915).
(19) A. Schéberl and H. Eck, Justus Liebigs Ann. Chem., 522, 97 (1936).
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H, methylene), 438 (J = 264 Hz, t, 1 H, methine). This
compound is considered to be 5, the cis isomer. To 0.300 g of 2
dissolved in 50% aqueous ethanol was added sufficient aqueous
sodium hydroxide to give a pH value of 10. Ethyl iodide (0.30 g)
was added, the solution stirred until a negative value for sulf-
hydryl group was obtained (Folin’s reagent), the solution acidi-
fied to pH 1, the ethanol removed by flash evaporation under
reduced pressure, the residual agueous solution extracted with
ethyl ether, and the ethereal extract evaporated to leave 0.180 g
of 3 which, after recrystallization from ethyl ether-Skellysolve B,
melted at 115-117°: neutralization equivalent, 120.5 (calcd
118.2); nmr (CF3COOH) 8 1.31 (J = 79 Hz, t, 3 H, methyl),
2.75 (J = 165 Hz, multiplet, 6 H, methylene), 4.47 (] = 257
Hz, t, 1 H, methine). Anal. Calcd: C,40.66; H, 5.12; S,
27.14. Found: C, 41.11; H, 5.38; S, 26.64.

Treatment of 0.300 g of 5 with 0.30 g of ethyl iodide as above
gave 0.245 g of 6 which, after recrystallization from chloroform-
ethyl ether, melted at 156-158°: nmr (CF3COOH) 5 1.31
(J = 79 Hz, t, 3H, methyl), 2.75 (J = 165 Hz, multiplet, s H,
methylene), 447 (J = 258 Hz t, 1H, methine)) Anal. Calcd:
C, 40.66; H, 5.12; S, 27.14. Found: C, 40.78; H, 5.14;
S, 26.91.

Transformation of Racemic |,2-Dithiane-3,6-dicarboxylic Acid
(4) into 2-Mercaptothiolane-2,5-dicarboxylic Acid and of the
Latter into Its »S-Ethyl Derivative.—In a procedure that differed
from the immediately preceding one only in that the concentra-
tion of sodium hydroxide was ~3 N, 3.30 g of 4 was transformed
into 2.70 g of solid thiol which was fractionated into 0.80 g of 2
(30%) and 1.90 g of 5 (70%). From both 2 and 5 the S-ethyl
derivatives, 3 and 6, were prepared as before.

Transformation of Dithiodisuccinic Acid (9) into 2-Mercapto-
3-thiapentane-1,2,4,5-tetracarboxylic Acid (10) and of 10 into

Newman and Logue

S-Ethylmercaptosuccinic Acid (11).—9 (1.12 g) was dissolved
in a solution of 12.5 g of sodium hydroxide in ICO ml of water at
room temperature under nitrogen. After ~2 hr the absorbance
at 296 nm had reached a maximum. Ethyl iodide and sufficient
ethanol to give a homogeneous solution were then added. When
the test for the sulfhydryl group was negative, the solution was
acidified to pH 2 and partially evaporated under reduced pressure,
the residual aqueous solution extracted with ethyl ether, and
the ethereal extract dried with magnesium sulfate and evaporated
to dryness to give 1.17 g of a product which, after recrystallization
from chloroform-Skellysolve B, melted at 95-97°. This product
was identical in melting point and nmr spectrum with an au-
thentic specimen of 11 prepared by alkylating mercaptosuccinate
with ethyl iodide. Again, 3.14 g of 9 was dissolved in a solution
of 6.0 g of sodium hydroxide in 100 ml of water under nitrogen.
When the absorbance maximum at 296 nm was attained, the
solution was neutralized to pH 10.0 and evaporated to dryness.
After holding the residue over phosphorus pentoxide for some
time, it was redissolved in water and the absorbance at 296 nm
was found to be comparable to the previous value.
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The Synthesis of 6,6'-Diethynyldiphenic Anhydridel
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The synthesis of 6,6 -diethynyldiphenic anhydride (10) is described (Scheme 1).
(2) was heated with copper bronze to yield dimethyl 6,6 '-diiododiphenate (3).

Methyl 2,3-diiodobenzoate
Heating 3 with carbethoxy-

ethynylcopper in pyridine yielded dimethyl 6,6 '-bis(carbethoxyethynyl)diphenate (6) which, by preferential

alkaline hydrolysis, was converted into dimethyl 6,6 -bis(carboxyethynyl)diphenate (8).
of 8, the resulting ester was hydrolyzed to 6,6 '-diethynyldiphenic acid (9).

After decarboxylation
Treatment of 9 with ethoxyacetylene

afforded 10 which is stable thermally up to about 200° when decomposition to yield dark polymeric material

occurs.

A few attempts at photolysis of 10 yielded unchanged 10 in almost quantitative yield.
with copper in dimethylformamide at 55° yielded 1,5-dicarbomethoxybiphenylene (4).
small amount of 1,8-dicarbomethoxybiphenylene (5) on heating with copper.

Heating of 2
In pyridine 3 yielded a
Intramolecular Ullmann coupling of

2-iodo-3-ethylbenzoic anhydride (15) proceeded in 90% yield on refluxing in DMF for 15 min, whereas conven-
tional Ullmann coupling of methyl 2-iodo-3-ethylbenzoate (14) was much slower.

Inéhls epaper the synthgsm of 6,6'~diethyn 3/Id|phen|c
ride (o is reporte T IS compound was si/n-
th 5|ze because we wished t nowwhe her or not the
stituted tetra\hedrane 11) would t% orme on gx
ron3|s or photolysis.  The most hi stralned d
condensed rin sys%em conﬁalnmg car ncar on sm(r;
honds | th tric 00110024butane gtet -
hedraneg Thestraln energi/f trahedrane has been
calculated to be 90 and kcal/mol, respectively.34
Since attempted syntheses of tefrahedranetricar-
boxylic acid were reported,66 a number of papers/-11

(1) This work was supported in part by Grant 5552 of the National
Science Foundation

(2) Holder of the Sinclair Oil Fellowship, The Ohio State University,
1966-1967. Further details may be found in the Ph.D. Thesis of M. W. L.,
The Ohio State University, 1969.

(3) W. Weltner, Jr., J. Amer. Chem. Soc., 75, 4224 (1953).

(4) N. C. Baird and M. J. S. Dewar, ibid., 89, 3966 (1967).

(5) (a) R. M. Beesley and J. F. Thorpe, Proc. Chem. Soc., London, 29, 346
(1913); (b) R. M. Beesley and J. F. Thorpe, J. Chem. Soc., 117, 59 (1920).

(6) H. O. Larson and R. B. Woodward, Chem. Ind. {London), 193 (1959).

(7) (a) S. Masamune and M. Kato, J. Amer. Chem. Soc., 87, 4190 (1965);

dealing with unsuccessful attempts fo prepare tetr
heara es have ap eared h pnthest %? (ji

phenic an (Yg e 10g Was undertak en g
1(5) seemed to of (er the atest chance to
tra edrane c mpoun lecular models |n |cate

att etwo et yl grou scross each other at about an
an% e and the anhy ride function supposedly would

orcet gtwo ethy n%/ roup s%s cltise t0 each oOther as

nonbonded mteral o woul Furthermore,

nmr analysis would readily show the Ioss of the acet-
ylenic hydrogens in any product.

(b) ibid., 88, 610 (1966); E. H. White, G. E. Maier, R. Graeve, U. Zirngibl,
and E. W. Friend, ibid., 88, 611 (1966).

(8) (a) S. A. Kandil and R. E. Dessy, ibid., 88, 3023 (1966); (b) E. H.
W hite and A. A. F. Sieber, Tetrahedron Lett.,, 2713 (1967); (c) E. Mailer,
J. Heiss, M. Sauberbier, D. Streichfuss, and R. Thomas, ibid., 1195 (1968);
(d) B. J. Bossenbroek, Ph.D. Thesis, The Ohio State University, 1967.

(9) (a) A. F. Vellturo and G. W
(1965); (b) J. Org. Chem,,

(10) H. A. Staab, H.
(1968).

(11) H. A. Staab and E. Wehinger, Angew. Chem

. Griffin, J. Amer. Chem. Soc.,
31, 2241 (1966).
Mack, and E

87, 3021

Wehinger, Tetrahedron Lett., 1465

., 80, 240 (1968).
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Theoretical considerations2 predict that the trans-
formatron of two acetylenes to tetrahedrane would be a
cherrg)rlcsa al ?evtlt? . Irotgzessen Two 1c2ro833edngcet Ignes

% %p h Xs))/?o heen stadre prevrous?y

owever the aceyenrc roups In 12 and 13 are not
forced together In"a Crossed ‘oosrtron as they are in 10,
Whereas “12 glave 9-phenyld benz [aclanthracene hoth
Ehotochemrca ltl and thermal| { gsrs ? 13 [e-
nnjattgrr rln an almost quantitative recovery of starting

A modified isatin sYnthesrs]swas used for the prep-
aration ()Tfreatlrﬁg(r)rftmorrlr?n]eltlhc bk th°rTo§re'°d°)

r I
nh Xt]forrfedj 82

wit coRper bronze at 110° rmet
IZO(Sderlpa enate (3 In 61% yield. Ullmann reactrons on

nated ar\omatrc comPounds which ﬁgnta‘
nitrg an car omethox aetrvat g grou[ps yle YA
roducts derived from coupling at thé ortho position.
he structure of s was established by conversron t0s
see Exgerrmental Section).
Inter sting| wen2 as heated with coPper bronze
\carbomethoF]%/brpheny ene E Was
produced |n 75/0 |ed]5]6 On heating 3'with pR
é)rgrr ine, the rs meric 18 rcar omethoxybrp
e(5) was orme I 119 Yiel

s St esrzet? h°irbaenth°cxé/%‘hh%h' d'dhe”FJS i
tﬂemgtjsw%eq d%yr% Ine at reflux, I esprenumerous at

0 on 4-5% 0of b (a out 50/orecover of
3) Were optained.” Some dimethyl 6-10do-6

oxyethyn Idrphenate 7) and hipheriylene wer aIso
Pre(ﬁm gntwrth aarfdrtrérrJaelrE%rberﬁr%x@eltn n%/())%o

Selective saponification of 6 with sodium hg/ roxrde
((12 equrv? afforded dimethyl 66 -Dis( carbox thy r%y6)
| thena ed () which was smooth dy converte ! Into
lethynyldinhenic acjd (o), ecarboxylation s
Fowed t ﬁa& Ine hy dro srs thy ttreatm)ent with et(h
oxyacetylen 9wasccze he anhydride (1p)
C rrectyanaf sis for C dI ? 10 was dlnsuccess?ul
owrngrto Its great tendency to react with water to form
his tendency was 4lso annoying in attempts to
run photolyses o dHute solgtrons and to take nmr
specfra, However, sharp metrnﬂ points, or 10 could
be obtained in sealed tubes and_ the practically quanti-
tatrve conversions of 1ot09|nd|cate that 10 Was pure.
reerse mass spectral analysis on 10 gave the ex-

e Ues.

h é fses of 10 |3 methP/Iene chIorrde Were per-
formed fn Pyrex and quarz pmr tubes, with and
without benzoPhenone as a sensitizer.  After each ryn
the nmr and Iy spectra were identical with those ob-
tained before irradiation, and unchanged 10 was re-

(12) R. Hoffmann
(1968).

(13) H. A. Karnes, B. D. Kybett, M. H. Wilson
er. Chem. Soc., 87, 5554 (1965)

(14) (a) K. Igbal and R. C. Wilson, J. Chem. Soc., 1690 (1967); (b)
J. F. Corbett and P. F. Holt, ibid., 5029 (1961); (c) J. Forrest, ibid., 594
(1960); (d) R. S. W. Braithwaite and P. F. Holt, ibid., 3025 (1959)

(15) See ref 14a and 14b.

nd R. B. Woodward, Ac nts Chem. Res., 1, 17

,J. L. Margrave, and M.

(16) C. A. Harrison, J. F. W. McOmie
Jenkins, and J. W . Smith, J. Chem. Soc

(17) Compare R. D. Stephens an
(1963).

(18) (a) M. A. F. Holleman, Red. Trav. Chim. Pays-Bas, 15, 157 (1896);
(b) see H. H. Wasserman and P. S. Wharton, J. Amer. Chem. Soc., 82, 1411
(1960), and references therein.

, J. B. Searle, J. P. Smith, J. O.
., 1769 (1966).

d C. E. Castro, J. org. Chem., 28, 2163

careth-
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cover(ed Pyrolyses of 10 in sfr/m-tetrachlo[oethﬁne |H
sealed tubes at temperatures of 180° and below showe
that no reaction had occurred. At 200° dark solutions
were obtained which gave no acetylenic hydrogen
bands at 6.80, but only POI meric material was B esent.
During work on anate ate hut gnsuccei %sa/n
thesrs of 10, the Ullmann couprg meth
ﬁ [benzq e(14to 6b) Was effected |n4%FyF %
eating with copper ronze In retluxing DM

16a, R= COH
b,R = CO2Vie
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s A Bl o

| | v |
”rlg ? 3|m|ﬂ\r Uquann treatment yler\(?e(s aﬁer
dro msb 16a In 90% yield. Judrh;mg from this ex-
mann coupkngs are converted into mtra

m?te]%ular couplings as above, improved yields may re-
su

Experimental Section2)

2-lodoaniline (17).—The preparation of 17, mp 58.0-58.5°,
from o-nitroaniline was effected essentially as described2: in 90%
yield.

2- lodo-a-isonitrosoacetanilide (18).—To a well-stirred solution

of 371 g (2.25 mol) of chloral hydrate, 345 g (5.0 mol) of hydroxyl-
amine hydrochloride, and 1.42 kg (10.0 mol) of anhydrous Na2
SO< in 7 1 of water was added a mixture of 160 g of concentrated
HC1, 328 g (1.5 mol) of 17, and 1 1 of water. The resulting
mixture was slowly heated to 37° during 2.5 hr, at which time a
yellow solid began to appear. The temperature of the reaction
mixture was then slowly raised to 45° (2 hr). After cooling to
room temperature, the product was filtered to yield 355 g (82%)
of 18, mp 158-160°. Recrystallization from ethanol gave colorless
crystals, mp 167-168° (lit.22 mp 162°).

7-lodoisatin (19).—To 550 ml of 86% (by weight) H2SO, at
55° was added 140.g (0.49 mol) of 18 during 25 min with efficient
stirring. After the final portion of 18 had been added, the re-
action mixture was allowed to warm to 70° and then stirred
for an additional 20 min. The purplish-red mixture was then
poured over crushed ice and the resulting precipitate collected.
The filter cake was dissolved in 10% aqueous KOH and filtered
through Celite. The filtrate was carefully acidified with 10%
HC1 until a precipitate just began to form, and then an addi-
tional 20 ml was added. After filtration through Celite, the
filtrate was acidified with concentrated HC1 to give 101 g (80%)
of 19. A sample was recrystallized from methanol to give bright
red crystals, mp 221-222° (lit.22 mp 209°).

3- lodoanthranilic Acid (1).—To a well-stirred solution of 164 g

(0.6 mol) of 19 and 40.4 g (0.7 mol) of KOH in 350 ml cf HD
at 0° was added a chilled solution of 117 g (1.0 mol) of 30% H202
and 57.6 g (2.1 mol) of KOH in 800 ml of HD during 1.25 hr
with the temperature kept below 10 ° throughout the addition.
After an additional 45 min of stirring, 220 ml of glacial acetic
acid was added during 30 min with an occasional addition of a
few drops of 2-octanol to reduce extreme foaming. Filtration
afforded 154 g (95%) of 1. A sample -was recrystallized (aqueous-
acetone) to give light yellow needles, mp 182-183° (lit.22 mp
176-177°).

Methyl 2,3-Diiodobenzoate (2).—To a well-stirred mixture of
29 g (110 mmol) of 1, 32 g (330 mmol) of concentrated HC1, and
100 ml of water at 0° was added a chilled solution of 9.4 g (110
mmol) of KN 02in 100 ml of water during 10 min. After astirring
period of 1 hr at 0°, a chilled solution of 39.8 g (240 mmol) of
K1 in 100 ml of water was added. The reaction mixture was
allowed to warm to room temperature and decolorized with excess
NaHS03 The light tan precipitate was filtered to afford 34.5 g
(82%) of 2,3-diiodobenzoic acid. A sample was recrystallized
from ethanol to give colorless crystals, mp 183-185° (lit.23 mp
178-181°). Treatment with diazomethane yielded 2, the nmr
spectrum of which showed three aromatic hydrogens in the t 2-3
region and a Cll3 peak at t 5.5 (3 H).

Anal. calcd for Csllel202 C, 24.8; H, 16.
25.2; H, 1.6.

Found: C,

(19) We thank Dr. John S. Swenton for valuable advice concerning the
photochemicai experiments.

(20) AIll melting points and boiling points are uncorrected.
analyses were by Galbraith Laboratories. Inc.,

All micro-
Knoxville, Tenn. |Ir spectra
were obtained with Perkin-Elmer 237 and/or 137 instruments. Uv spectra
were obtained on a Bauscli and Lomb Spectronic 505 or a Cary Model 15 spec-
trophotometer. Nmrspectra were obtained with a Varian A-60 spectrometer
in reference to tetramethylsilane as an internal standard. All column
chromatography was performed on Grace Davison 950 silica gel The term
“worked up as usual” means that a solution of the products in an organic
solvent after washing with dilute alkali and/or acid, water, and saturated
salt solution was filtered through 10-20 mesh Drierite (anhydrous calcium
sulfate). The solvent was then removed on a rotary evaporator.
(21) H. H. Hodgson and F. H. Moore, J. Chem. Soc.,
(22) M, B. Chaudhari and K. S. Nargund, J.

(1950).

127, 2260 (1925).
XJniu. Bombay. 19, 65

(23) D. Twiss and R. V. Heinzelmann. J. Org. Chem., 16, 496 (1950).

Newman and Logue

Dimethyl 6,6 -Diiododiphenate (3).—To 50 g (129 mmol) of 2
at 110° was added 24.6 g of activatedz4 copper bronze during 1
hr with stirring. After 1 hr at 110°, another 24.6 g of activated
copper bronze was added in one portion. The mixture was held
at 110-115° for 3 hr, cooled, and extracted with CH2C12 The
solvent was removed under reduced pressure and the residue
washed with cold ether to afford 20.3 g (61%) of 3. The ether
was removed from the washings to give 15.1 g (31%) of recovered
2. Recrystallization of the ether residue from ethanol gave
colorless crystals of 3: mp 147-148°; ir (KBr) bands at 5.72
and 5.80 M nmr (CDC13 atr 6.38 (s, 6, OCH3, 292 (t, 2,] =
Hz, 4- and 4'-Ar H), 2.05 (q, 2, ] = 1.8 Hz, 5- and 5'-Ar H),
195 (q, 2, J = 1.8 Hz, 3- and 3'-Ar H).

Anal. cCalcd for CieHiikO,: C, 36.8;
Found: C, 36.9; H, 2.4; 1, 48.8.

1,8-Dicarbomethoxybiphenylene (5).—To a solution of 520 mg
(2.0 mmol) of 3 in 20 ml of dry pyridine was added 130 mg of
activated copper bronze.2s After having been stirred at reflux
for 20 hr, the reation mixture was cooled and worked up as usual
with ether to give a brown oil. Column chromatography of the
oil on silica (10% ether-benzene) afforded 440 mg (87%) of
recovered 3 and 30 mg (11%) of 5. Recrystallization from etha-
nol gave bright yellow needles: mp 147-148° ir (CHC13 5.85
Y, uv (ethanol) Xmax 250 riyu (c 30,700), 350 (sh, 3410), 365
(5270); nmr (CDC13) r 6.17 (s, 6, OCH3), 3.17 (m, 6, Ar H).

Anal. caled for CuluOu C, 71.6; H, 45. Found: C,
71.8; H, 4.6.

1,5-Dicarbomethoxybiphenylene (4).—To a stirred solution of
1.9 g (5 mmol) of 2 in 15 ml of dry DMF at 55° was added 1.9 g
of activated copper bronze. After stirring for 2 hr at 55°, the
reaction mixture was diluted with CH2Cl2 and filtered. The
filtrate was worked up as usual to afford a yellow semisolid.
The semisolid was collected and washed with cold acetone to
give 500 mg (75%) of 4. From the filtrate 27C mg (14%) of 2
was recovered. Recrystallization (acetone) of 4 gave light yellow
needles: mp 187-188° ir (CHC13 5.85 y] uv (ethanol) \ m%
254 mM (e 38,900), 263 (42,300), 372 (8850), 393 (11,400); nmr
(CDC13, t 6.17 (s, 6, OCH3, 3.05 (m, 4, Ar H), 2.88 (dd, 2,
J = 7.5 and 3 Hz, Ar H).

Anal. calcd for CAH”O,:
71.5; H, 4.5.

A sample of 3 was saponified to yield the diacid, mp >360° dec.
This diacid was stirred for 15 hr with ethoxyacetylene in meth-
ylene chloride. The resulting anhydride, mp 240° dec, ir (CH2C12)
5.6 and 5.7 §, was obtained in high yield.

Anal.. caled for ChHKOu C, 34.0; H, 1.6. Found: C,
34.3; H, 1.7. Calcd for CuHel203 C, 35.2; H, 1.3. Found:
C, 35.5; H, 13.

Mass spectra of 4 and 5 gave parent peaks at M+ 268. A
strong peak at M+ 237 in 5 (much weaker in 4) provides additional
evidence for the 1,8 location of the carbomethoxy groups as the
acylium ion formed by loss of CH3 is stabilized by the adjacent
carbomethoxy group.»

Carbethoxyethynylcopper.—To a well-stirred mixture of 19 g
(50 mmol) of cuprous iodide,2 31.2 g (400 mmcl) of (NH4)2Co 3
and 400 ml of distilled water under nitrogen was added a solution
of 9.8 g (100 mmol) of ethyl propiolate in 150 ml of ethanol.
After having been stirred for 30 min under nitrogen, the reaction
mixture was filtered and the filter cake was washed successively'
with 200 ml each of water, ethanol, and ether. The filter cake
was air-dried to give 16.1 g (100%) of canary yellow carbethoxy-
ethynylcopper: ir (mineral oil) 5.2, 5.86, and 5.95 Y.

Dimethyl 6,6'-Bis(carbethoxyethynyl)diphenate (6).—In the
best of many experiments 60 ml of pure degassed dry pyridine was
added to a mixture of 10.0 mmol of 3 and 22.0 mmol of carb-
ethoxyethynylcopper which had been stirred under dry N2 for
15 min. After 24 hr at 110°, the mixture was cooled, diluted
with CH2C12 filtered through Celite, and worked up as usual.
By column chromatography on silicagel (2 and 4% ether-benzene
for 7 and e, respectively) and crystallization from ethanol there
was isolated about 16% of 7 [mp 105-107°; ir (KBr) bands at
4.48, 5.8, and 5.9 m] and 5% of 6 (mp 87.5-89.5°; ir bands as
for 7): nmr (CDC13) for 6, r8.83 (t, 6,) = 7.5 Hz, OCII2CH3),

H, 2.3; 1, 48.6.

C, 71.6; H, 45. Found: C,

(24) Commercial copper bronze (Venus 44-F natural copper, U. S.
Bronze Powders, Inc., Flemington, N.

E. C. Kleiderer and R. Adams, J. Amer. Chem. Soc., 55, 4219 (1933).

J.) was activated as described by
(25) H. Budzikiewicz, C. Djerassi, and D. H. Williams, “Interpretation
of Mass Spectra of Organic Compounds,”
Calif., 1964, pp 201-202.

Holden-Day, San Francisco,

(26) G. B. Kauffman and R. P. Pinnell, Inorg. Syn., 6, 3 (1960).
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6.38 (s, 6, OCH3), 591 (q, 4, J = 7.5 Hz, OCH2CH3J), 2.55 (t,
J = 8 Hz, 4- and 4'-Ar H), 2.16 (dd, 2, ,7 = 8 and 1.5 Hz, 5-and
5'-Ar H), 1.84 (dd, 2, ] = s and 1.5 Hz, 3- and 3'-Ar H); for 7,
8.82 (t,3,J
OCH3), 590 (g, 2, ] = 7.5 Hz, OCH2CH3), 2.20 (complex m,
6, Ar H).

Anal. Calcd for CisH208 (6):
67.7; H, 4.8. Calcd for C2iH17106 (7):
C, 51.4; H, 3.4.

Dimethyl 6,6'-Bis(carboxyethynyl)diphenate (8).—Alkaline
hydrolysis of 6 for 1 hr in boiling aqueous methanol containing 2
equiv of NaOH yielded 8 quantitatively. Recrystallization from
chloroform gave colorless 8: mp 158-162° dec; nmr (acetone-dr,)
r6.39 (s, 6, OCH3), 2.48 (t, 2, ] = 8 Hz, 4- and 4'-Ar H), 2.15
(dd, 2,J = s and 1.5 Hz, 5- and 5'-Ar H), 1.81 (dd, 2,J = s
and 1.5 Hz, 3- and 3'-Ar H).

Anal. caled for C2H,08 C, 65.0; H, 3.5.
64.9; 3.5.

6,6'-Diethynyldiphenic Acid (9).—To 834 mg (2.1 mmol) of
8 was added 10 ml of ,V,.V-dimethylaniline. After having been
stirred for 1.75 hr at 110-120°, the reaction mixture was cooled,
poured into excess 10% HC1, and worked up as usual with ether
to give a brown residue. Chromatography on silica (benzene)
afforded 606 mg of colorless material. To 110 mg of the above
material was added 10 ml of 5% methanolic NaOH. After the
mixture was refluxed for 20 hr, it was cooled, poured into excess
10% HC1, and worked up as usual with ether to give 100 mg (92%
based on 8) of 9. Recrystallization from ethyl acetate gave
colorless crystals of 9: mp 251-254°; ir bands at 3.03 and 5.9
nmr (DMSO-d6) r 6.17 (s, 2, =CH), 254 (t, 2, ] = 8 Hz, 4
and 4'-Ar 11), 2.24 (dd, 2, J = s and 1.5 Hz, 5- and 5'-Ar H),
1.96 (dd, 2,J = s and 1.5 Hz, 3- and 3'-Ar H).

Anal. calcd for CisHid4 C, 74.5; H, 3.5.
74.7; H, 3.6.

6,6'-Diethynyldiphenic Anhydride (10).—To a stirred suspen-
sion of 20.2 mg (0.07 mmol) of 9 in dry CH2C12 was added 0.75
ml of 0.1 M ethoxyaeetylene in CH2C12 After a stirring period
of 24 hr, the solvent was removed under reduced pressure to
afford 18.8 mg (100%) of 10: mp 155° dec; ir (CHCU) bands at
3.03, 5.6, and 5.7 nmr (CH2C12) at £ 6.80 (s, 2, =CH), 2.25
(m, 6, aromatic); uv (ether) X232 m” (« 29,500), 253 sh (10,000)
300 (2050); mass spectrum (70 eY) m/e (rel intensity) 274 (2.5),
273 (20), 272 (100), 229 (10), 228 (52), 201 (16), 200 (92), 199
(27), 174 (19), 150 (13), 100 (31); mol wt (calcd for C,sHg0 3
272.047339, found 272.047418 (by mass spectrographic analysis).

On hydrolysis 10 was converted into 9.

Photolyses of 6,6'-Diethynyldiphenic Anhydride (10).—A
number of attempts to effect photochemical reactions were carried
out at 0° in Pyrex and quartz nmr tubes strapped to a quartz
immersion-well of a 450-W Hanovia medium-pressure lamp.
All photolyses were conducted in CH2C12 and were 1.4 X 10_I
M in1o. The sensitized photolyses were 1.1 M in benzophenone.
The direct photolyses were conducted in Pyrex for periods of
0.5, 1.5, and 10.5 hr and in quartz for periods of 0.5 and 2.0 hr.
The sensitized (Pyrex) photolyses were conducted for periods of
0.5 and 9.5 hr. In each case 10 was recovered essentially quanti-
tatively.

Pyrolyses of 6,6'-Diethynyldiphenic Anhydride (10).—The
pyrolyses of 10 were performed at 140, 160, 180, and 200° in
sealed nmr tubes in 1,1,2,2-tetrachloroethane for 1 hr. Un-
changed 10 was recovered in high yield in all but the 200° run.
Pyrolyses at 200° were also performed for 15 and 30 min. Tarry
material resulted.

2-Ethyl-tt-isonitrosoacetanilide (20).—The procedure used for
the preparation of 18 was used to prepare 20 in 86% yield from
o-ethylaniline.27 Recrystallization from water of 20 gave colorless
needles, mp 105-106°.

C, 67.5; H, 4.8. Found: C,
0,51.2; i, 3.5. Found

Found: C,

Found: C,

= 7.5 Hz. OCH2CH3), 6.37 (s, 3, OCH3), 6.33 (s, 3,
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Anal. calcd for CmHi2N202 C, 62.5; H, 6.3. Found: C,
62.4;, H, 6.4.

7-Ethylisatin (21) was prepared in 81% yield as for 19. Re-
crystallization (MeOH) of 21 gave rust colored crystals, mp 189-
190° (lit.ss mp 193°).

3-Ethylanthranilic acid (22) was prepared in 96% yield as for 1.
Recrystallization from acetic acid gave light tan needles, mp
147-148° (lit.2o mp 146-147°).

Methyl 2-lodo-3-ethylbenzoate (14).—To 832 g of concen-
trated HC1 that was cooled in a Dry Ice-acetone bath was added
a solution of 394 g (2.4 mol) of 22, 118 g (2.9 mol) of NaOH, and
181 g (2.6 mol) of NaNO2in 2 1 of water at 10° during : hr with
stirring. After 15 min, 20 g of urea was added followed by 830
g (5 mol) of KI during 15 min. After stirring for 1 hr, the dark
mixture was decolorized with excess NaHS03 and the resulting
light yellow precipitate collected to give crude 2-iodo-3-ethyl-
benzoic acid. To a solution of the crude acid in 2 1 of MeOH
were added 250 g of 2,2-dimethoxypropane and 25 g of concen-
trated H2S04.  After 40 hr at reflux, 68 g of pyridine was added
and the reaction mixture was concentrated under reduced pres-
sure. After work-up with ether as usual, the residue was distilled
to give 399 g (58%) of 14, bp 114-116° (0.35 mm). A sample of
14 was saponified with 5% ethanolic KOI! to give pure 2-iodo-3-
ethylbenzoic acid, mp 110-112 °, on crystallization from CC14.

Anal. calcd for CoH.,102 C, 39.1; II, 3.3. Found: C,
38.9; H, 3.1

2-lodo-3-ethylbenzoic Anhydride (15).—To asolution of 6.8 g
(23.5 mmol) of 2-iodo-3-ethylbenzoic acid in 25 ml of dry Cl12CL2
that was cooled in an ice bath was added 0.8 g (11.8 mmol) of
ethoxyaeetylene in 15 ml of CH2C12. After 24 hr, 6.3 g (100%)
of 15 was obtained. Low-temperature recrystallization from
ethyl acetate-hexane yielded colorless crystals of 15: mp 50.0-
50.5° ir (neat) 5.55, 5.75 p.

Anal. calcd for CisH6l203:
C, 40.3; H, 3.1; 1, 47.3.

Ullmann Reaction on 2-lodo-3-ethylbenzoic Anhydride (15).—
To a refluxing solution of 3.8 g (7.1 mmol) of 15 in 100 ml of dry
DMF was added 2.7 g of activated copper bronze. After having
been stirred for 15 min, the reaction mixture was cooled, diluted
with ether, filtered, and worked up as usual. The product was
hydrolyzed with alkali. On acidification 1.9 g (90%) of 6,6'-
diethyldiphenic acid (16a) was obtained. Recrystallization from
ethyl acetate gave colorless crystals, mp 226-229°.

Anal. calcd for CisHig04 C, 72.5; Il, 6.1.
72.5; H, 6.1.

Ullmann Coupling of Methyl 2-lodo-3-ethylbenzoate (14).—To
a refluxing solution of 1.50 g (5.3 mmol) of 14 in 50 ml of dry
DMF was added 1.50 g of activated copper bronze. The reaction
mixture was stirred for 15 min, cooled, diluted with ether, and
filtered. The filtrate was worked up in the usual manner to give
a yellow oil. Column chromatography on silica afforded 700 mg
(46%) of recovered 14 (benzene) and 360 mg (41%) of dimethyl
6,6 '-diethyldiphenate (16b) (1% ether in benzene) which was
saponified to 16a for identification.

Registry No.-2, 14192-14-4; 25444 05
diacid, 28444-06-6; '3 anhydride 28444 07-1; 4.2
26-T: 6, 28444-10-2: 7 284259-

-8;

C,40.4; H, 3.0; 1,47.6. Found:

Found: C,

8. 28455-60-0; O, 78455610 10 2728
284 56?372 15, ' 28455-64-3;

(27) We thank the Ethyl Corp. for a generous gift of o-ethylaniline.
(28) Ng. Ph. Buu-lloi and P. Jacquignon, J. Chem. Soc., 3095 (1959).

(29) F. Piozzi and M. R. Langella, Gazz. Chim. Ital.. 93, 1392 (1963).
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The Alkali Metal Reduction of Oxepinsl
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The alkali metal reduction of 2,7-dimethyloxepin and 3-benzoxepin was investigated for comparison with 2-

methoxyazocines which undergo ready conversion to azocinyl dianions.

oxepins do not give rise to oxepinyl dianions.

In agreement with MO theory, these

2,7-Dimethyloxepin was found to give initially octa-4,6-dien-2-
one which with excess potassium was further reduced to 4-octen-2-one.
zoxepin afforded equimolar mixtures of o-ethyl- and o-ethynylphenylacetaldehydes.

Under analogous conditions, S-ben-
Whereas the former sub-

stance is a reduction product, the latter arises from base-induced ring cleavage of the oxepin ring. The diver-
gent behavior of 7r-excessive and x-equivalent heterocyclic analogs of cyclooctatetraene on reduction is briefly

discussed.

An understanding of the chemical reactivity of mono-
heteroc clic eight-7r-electron systems |s0eIec ronic with
Cﬁ/c ooctate'raene has recer ed consrdera e attention h

the recent literature, Suc dnx molecules, which.o
viously do not satrsf¥ the Hiickel ule, are recognrzed
to be ‘divisible into two general classes. In the case
of oxepin (la), azeﬁrne thiepin (Ic), and their
derivatives, the eight ir electrons are potentially de-
localizable over seven atoms, a condition which Is
clearly x excegsive.34 In contrast, azocine (2) and

la,X=0 2
b, X=NH
c,X=S

its congeners are endowed with the capability for x-
lectron delocagzatron Qver erght atoms and mdy there-
org be Eerme x-equivalent analogs of the” parent
ydrocarbon,s

The classification, is readrly seen to be more than a
{ﬁrmalrst{c I(\t/i%trnc]trrt)n hrg moleculajr orbital terms,
e fourth 0 eterotropylidings (1) can
shown to possess Irttlerhondrng cha aycter 0 A&gordmtgﬁr
localization of the xeectrons |s'nrevaent a_condifjon
which fosters comharatrve y facile oxidation.7 An Im-
Portant consid era}ron for“the present study is the
ealization that_the frft M In_such systems Is un-
equivocally antibongd mg The srtuatron with regard
t0 azocrne (2 IS quite different,8as attested to experi-
Hrena for example, by the ready two-electron re-

ction’of 2-methoxyazocines ¢, 3 to stable aromatic
azocinyl dianions (.., 4y.80 Similar reduction of he-

3 4

(1) For the previous paper in this series, see L. A. Paquette and J. F.
Kelly, ./. Org. Chem., 36, 442 (1971).

(2) University Postdoctoral Fellow, 1969-1970.

(3) For recent reviews of heterotropylidine chemistry, see (a) L. A.
Paquette in “Nonbenzenoid Aromatics,” Vol. I, J. Snyder, Ed., Academ ic
Press, New York, N. Y., 1969, pp 249-310; (b) E. Vogel and H. Gunther,
Angew. Chem., 79, 429 (1967); Angew. Chem., Int. Ed. Engl., 6, 385 (1967).

(4) This terminology was originally proposed by A. G. Anderson, Jr.,
W . F. Harrison, and R. G. Anderson, J. Amer. Chem. Soc., 85, 3448 (1963).

(5) (a) L. A. Paquette, T. Kakihana, J. F. Hansen, and J. C. Philips,
ibid., 93, 152 (1971); (b) L. A. Paquette and T. Kakihana, ibid., 90, 3897
(1968); (c) L. A. Paquette and J. C. Philips, ibid., 90, 3898 (1968).

(6) A. Streitwieser, Jr., “Molecular Orbital Theory for Organic Chemists,”
Wiley, New York, N. Y., 1961, p 280.

(7) R. W. Schmid, Helv. Chim. Acta, 45, 1982 (1962).

terotropylrdrnes to, their dianions was not consigdered
Possrb e‘on the basis of the above theoretical considera-
jons. However, the manner in_which such hetero-
cyclic polyenes would interact with alkali metals was
not reagily predictable. The present study has. con-
cerned Itself with an examination of the reactivity of
gresentatrve OXepins Ttowarg assrum miefal
re uctr The selection 27-| et oxeprn 5
3-penzoxepin. (i2) was dictated rYt e knowle g

that these derivatives exhibit little ten ency forvalen

ISomerization to thelr respective arene oxide forms.3
Incremental addrtron of small |eces of Potassrum
n%etal to cold (— dsolutrons 0 : hcrénefh onegrn

In anhydrous liquid ammonia-etrahydrofur

#gu lte |nt ? r(hatron of g reJ Hrownﬁ é
geneous mrxture Alth ouq this complication caused
[fficulty in_estimation of The * 3d gtornt (persrstterht
e C0 ora jon), approximate om equiy of the
alkalr meta h)ereps)een to heyre %rred Agdrtron of
water and subserl]uent Ve analysrs of the volatile

product mixture reyealed %he fﬁ rmation of 6 (75%g
and 7 (20%), togetner with a third mtnor substanc
of unknown composition.

6

,
The two hetones were |dent|f|ed b ther(; elemental
analyses and spectra. Thus, the Infrared Spectrum
of 6 exhibits an Intense carbo Lyl band at 17 0 cm-1
whrch rs characterrstrc of nonco gugate acyclic ke-
tones. fgectruRt 6 g shows & narrow
two roton mutr tIn the vin I r %ron (?556 con-
|rm|ngd the Iocatr(?n of the double bond at a noncop-

Jugated site |t|ona there was revealed ap-
sorptron drcatrv(e of th e Sesence of a -
gtrlrgbrghntg ; 5 = 6 Hz), an acetyl met yI sub-

terr7nHrza)I eth grotuwp0 &llgtlf,cserxottuopqe and r(% o ;

(8) L. A. Paquette, J. F. Hansen, and T. Kakihana, J. Amer. Chem. Soc.,
93, 168 (1971).

(9) L. B. Anderson, J. F. Hansen, T. Kakihana, and L. A. Paquette,
ibid., 93, 161 (1971).
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By comparison, the carbonyl stretohrnq frequency

of Ketone 7 was also seen at 1720 cm-1. Its nmr

ectrum sows our vinyl protons in the 554-65

gion, -CHZO- absorption at 3.34 (d, » = 7.5 Hz),
an acetyl methyI at 2.18 and an aIIyIrc methyl sub-
situent'at 1, 2% 3 = Fpresence of four
vrnyI protons, the termrnal methyl group, and the
noncon#ugated acetg functron IS ﬁonsrstent onIy th
struotu e/ 7, the geometry of t
doub e bonds has be tentatrvel assigned by spectral
corre atron wrt mo e com oungs.

Final confirmation ¢ these assignments was achieved
trY Independent catalytic hydrogenation of 6 and 7

2-0ctanone.
Not unexbectedlfy when, the red ctron Was workeg
P }r additjon 0 euterrum oxide, the enone an
dienone exhibited complicated patterns of deuterium
mcorporatron as a result of_base-catalyzed exchange
fi él carb on;(r protons For example, enone 6 was
Isolate asamr ture o species With the r (24%),
(h (37%), aNd do& 1%) forms predominating,
epetition of the reduction with one-half the

VIous amount of potassium led to a substantrallr( di fer
ent ro duct composition. _Under these cond rrons
was the major component (70%), accompani dtw esser
amounts of 6 (10%), unreacte oxeprn
the same unknown minor constitugnt g5 The o
vious Inference that 7 Is the first-formed product and
tpat this dienone Undergoes reduction to give ?Hnder

the reaction conditions was substantiate ollows
Resubmrssron of a product .mixture rich |n to re-
duction wjth ammon|a-

A e R
etrahydrofuran led almost exclusive b
T0 >aocount for tﬁese resu(fts It fls sug egteg that
the reduction of 5 ﬁroceeds initjally by one -electron
additjon to the oxepin nucleys Ieadrnﬁ to fadical anion 8,
The Instapility of thrs Species results in rrng cleavage
to (Inve vinylradical 9, w{hrfh can reasonably be ex-

Pece to_accept a second electron. 1) Protorfation of
he resulting dfanion (10) at the vinylic center by the

ammonia provides the eholate of 7 {Scheme 1). * The

Scheme |

reduotro of 7 to enone 6 would seem to % SR]OSS b)e
(t rom the neytral moleogle esta
Inde endent experiment), but also by electron transfer

0

imilar reductron of3 benzoxepin | 12 at —70° like-
wise, resulted n ¢ a ppearance of a brownrsh Sus-
pension. Approxrmate 25 gatom equiv of potas-
%rum etal. were re(ﬂurre tg Rro uce a]per anent
|ue coloration. Work-up led in 30% yield to a mix-

excellent di ssion

House, “Modern Synthetic Reactions,” W. A. Benjamin, New York, N. Y.,

1965, Chapter 3.

olving metal reductio see H. O.

J. Org. Chem., Voi. 1403
ture of two aIdehydes (rEax 1727 cm-1) that resisted
seé)aratron réparative vbc and tic_ methods, as

Il as fractional crystaIIrza ion of their semicarba-
Z0Nes. T e mass spectrum of the mixture showed
two substances to be resent, one isomeric with 12
arent ({)n at me and t e otner a tetrahydro

36, No. 10, 1971

o duct (parent_ion a The nmr spectrum

este themrxture to consrstofapproxrmatl equl-

%ar amodntso 13 ang These assignments were
subsequently confirmed by independent synthesis.

CHXHO CHXHO

aECHZCH3 ac -C,,
12

Startrng with o- bromoeth%/Ibenzene as), alcohol 16
was prepared bY reaction of the derived Grignard re-
agent with ethylene oxide. ~ Controlled oxidaftion of 16

CHZCH20H
1 Mg, THF

ZV

15 16

crosp2 .

with Collins reagentl conveniently afforded 1s. The
uneguivocal pre%aratron of 14 Was founded on the
mechanistic rationalization of its formation, vi.., base-
Induced rrng Cleavage of 12, In point of fact, ex oaure
of 12 to_sodium amrde in liquid ‘ammonia-etrahydro
furan (5:1) at —33° led t0 14 In a straightfofward

B~ 14

way When a coHr srte of the nmr and ir sjpectra
fthese two_aldehydes was made, it was found to
be indistinguishable’ from the_ spectra of t e mixture
Isolated i |n e reduct)i)n experiments,
A gro % reasonable mechanism for the formation
(Scheme 1y parallels exactly that advanced

Scheme |l

(11) J. C. Collins, W. W. Hess, an
(1968).

d F. J. Frank, Tetrahedron Lett., 3363
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earller for_6. Reductive cleavage of a C-0 bg
eads via 1710 2]8 This tr nS|ent mtermedla%?
goes furth er reduction and protonation to_ afford the
t6yrene alkoxide 20° which undergoes ultimate con-
Version to 21, the enolate of 13
The formatjon 0 14 y bﬁse -induced ring o enlng
of3benz OXepIn 12 at ougn somewhat untsual

some analo |n the ceavage reactlons of 3-b enzofur
t |ums Since no pot ssium amid e as em OX
|rec the I’GdUCtIOﬂ f e source of base was ec
essarl e amide fon release upon rotona 10n 0

19 and its dlhydko countergart or al ?XI es 20, 2
and the like e fact that no acetZ enic materlal
?f isolated from the re élCtlon resuma g/ a
reflection of either the diminished am Ity
Brotons relative to tqose in 12, or thg susce tlbl it
the internal acetylene o generate to reduction,
We favor bhe first atfernatlve The position that 13
possinly result from further re Fctlon of first-
for ed 14 15°not tenaple, since terminal acetylenes are
nown to be inert to the action of alkall metals. 4
(F concl usmn, we note the inability of oxe pins o
un ergo re uctlon to 10- |reectron oxepng |an|0ns
|n agreem nt W|t MO theor z}nd contrast suc
havior wit e ready passagé o azocmes to azocmyl
dlamons 89 Thus, the divergent chemical properties
A--excessive and A equwa ent heterocyclic analogs
%yc ooctatetraene are made %artlculary evident
suchelectron-transfer reactions.

Experimental Section

In all experiments involving liquid ammonia, predrying was
achieved by stirring with sodium metal for 1 hr at —70°, followed
by direct distillation into the predried reaction vessel under
anhydrous conditions.

Reduction of 2,7-Dimethyloxepin (5). A. Potassium (3
Equiv).—To a stirred solution of 344 mg (2.82 mmol) of 51 in
30 ml of liquid ammonia and 6 ml of anhydrous tetrahydrofuran
(freshly distilled from LiAIH<), cooled in a Dry Ice-acetone bath,
was slowly added small pieces of potassium metal. The solution
developed a turbid brown-red color which darkened with pro-
gressive addition of the metal (3 g-atom equiv were added).
The addition required approximately 2 hr, at which time the
blue color persisted for more than 5 min. The cooling bath was
removed and the ammonia was allowed to evaporate upder a
gentle dry nitrogen stream. With stirring, water (6 ml) was
added and the resulting dark brown solution was extracted
with ether. The combined ether layers were washed well with
brine, dried, and evaporated to yield 196 mg of a brown oil.
This material was seen to consist of three components (ratio of
5:75:20) on vpc analysis (10% SE-30 at 85°). Preparative vpc
isolation was successful in separating the two major components.

The major component (80 mg) was identified as 6:17 rSS* 1720
cm-1; 5.56 (m, 2, vinyl), 3.14 (d, J = & Hz, 2, CH2CO),

(12) (a) H. Gilman and D. S. Melstrom, J. Amer. Chem. Soc., 70, 1655
(1948); (b) A. S. Angeloni and M. Tramontini, Boll. Sci. Fac. Chim. Ind.
Bologna, 21, 243 (1963); Chem. Abstr., 60, 15808 (1964).

(13) The formation of open anions from dihydrooxepin also bears some
similarities: H. Kloosterziel and J. A. A. van Drunen, Red. Trav. Chim.
Fays-Bas, 89, 667 (1970).

(14) (a) Reference 10, p 72; (b) N. A. Dobson and R. A. Raphael, J.
Chem. Soc., 3558 (1955).

(15) The alkali metal reduction of 1,2,7-trimethylazepine [L. A. Paquette,
D. E. Kuhla, J. H. Barrett, and R. J. Haluska, J. Org. Chem., 34, 2866
(1969)] has been examined in a preliminary way.
again not evidenced.

Dianion formation was
However, product characterization was seriously
thwarted because of the extreme lability of the products to hydrolysis and
air oxidation.

(16) L. A. Paquette and J. H. Barrett, Org. Syn., 49, 62 (1969).

(17) An isomer of 4-octen-2-one has been prepared earlier by A. P.
Meshcheryakov, L. V. Petrova, and A. D. Petrov: lzv. Akad. Nauk SSSR,
Otd. Khim. Nauk, 98 (1960). However, stereochemical and spectral details
are lacking.
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2.13 (s, 3, CH3CO), 2.0 (m, 2, allyl), 1.38 (sextuplet, 2, CH2CH3),
and 0.89 (t, J = 7 Hz, CHsCH2.

Anal. calcd for CsHuO: C, 76.14; H, 11.18. Found: C,
76.10; H, 11.11.

The minor product was subsequently identified as 7.

B. Potassium (1.5 Equiv).—Treatment of 183 mg (1.5 mmol)
of 5 for 1 hr with 89 mg (2.2 mg-atoms) of potassium as above
provided, after work-up, a brown oil which consisted (vpc analy-
sis) of 15% unreacted 5, 10% 6, and 70% 7

Approximately 85% of this material was subjected to prepara-
tive vpc purification. In addition to 4 mg of 6, there was ob-
tained 25 mg of 7:18 iw41720cm 'L 5’ns’5.4-6.5 (m, 4, vinyl),
3.34 (d, ] = 7.5 Hz, 2, CH2CO), 2.18 (s, 3, CH3CO), and 1.82
(d, J = 6 Hz, 3, methyl).

Anal. calcd for CsH120:
77.24; H, 9.47.

The remaining portion of the brown oil was further reduced
with 70 mg of potassium in liquid ammonia-tetrahydrofuran
(5:1) for 1 hr. The principal product (~95%) was enone 6.

Reduction of 3-Benzoxepin (12).—To a pale yellow suspension
of 1219 (295 mg, 2.05 mmol) in 20 ml of liquid ammonia and 4 ml
of anhydrous tetrahydrofuran was added slowly approximately
200 mg (2.5 mg-atom equiv) of potassium metal with stirring
under nitrogen at —70°. The ammonia was evaporated under
a gentle stream of nitrogen, water (10 ml) was added, and the
mixture was thoroughly extracted with ether. The combined
ether extracts were washed with brine, dried, and evaporated to
give a brown oil which showed one peak on vpc analysis. Pre-
parative vpc afforded 8s mg (30%) of an inseparable mixture of
13 and 14, 1727 cm-1. The physical properties of these alde-
hydes are presented in the ensuing paragraphs.

I-Ethyl-2-(2-hydroxyethyl)benzene (16).—A solution of 6.23 g
(37.7 mmol) of o-bromoethylbenzene in 20 ml of dry tetrahydro-
furan was added under nitrogen to a stirred suspension of mag-
nesium turnings (1 g, 41.5 mg-atoms) in 20 ml of the same solvent,
to which had previously been added a crystal of iodine and 0.1
g of ethylene dibromide. The resulting mixture was refluxed for
45 min and cooled to 0°, and ethylene oxide (25 g, tenfold excess)
was distilled directly into the flask. After being stirred at 0° for
3 hr and at room temperature for 12 hr, the mixture was treated
with 100 ml of 30% aqueous ammonium chloride solution and
extracted with ether. Processing of the ether extract and distilla-
tion furnished 2.8 g (56%) of 16 as a colorless oil: bp 65-70°
(2.3 mm); >w .3200 3300 cm 'L 5™cda7.12 (br s, 4, aryl), 3.75
(t,J = 7Hz. 2, CH20H), 2.96 (brs, 1, OH), 2.85 (t, ] = 7 Hz,
2, CH2CH20H), 2.64 (g, J = 7.5 Hz, 2, CH2CH3), and 1.20
(t, J = 7.5 Hz, 3, methyl).

The 3,5-dinitrobenzoate of 16 was obtained as small white
needles, mp 138.5-139°, from ethanol.

Anal. calcd for CirHisN» 6 C, 59.30; H, 4.68; N, 8.14.
Found: C, 59.23; H, 5.06; N, 8.11.

o-Ethylphenylacetaldehyde (13).—Alcohol 16 (400 mg, 2.67
mmol) was stirred at 20° for 16 hr with a suspension of Cr03 py2u
(7 g, approximate tenfold excess) in 50 ml of methylene chloride.
The red suspension was filtered, the filtrate evaporated, and the
residue taken up in ether. The ether extract was washed with
5% hydrochloric acid solution and brine, dried, and evaporated.
The residual yellow oil was purified by preparative vpc to give
60 mg (15%) of 13 as a colorless oil: >m4 1725 cm-1; 5,~ 1
963 (t, J = 25 Hz, 1, CHO), 7.0-7.3 (m, 4, aryl), 3.65 (d,
J = 25 Hz, 2, CHCHO), 2.60 (q, J = 7.5 Hz, 2, CH2CH3),
and 1.18 (t, J = 7.5 Hz, 3, methyl).

The semicarbazone of 13 was obtained as lustrous white sheet-
lets, mp 164-165°, from ethanol-water (2:3).

Anal. calcd for Ci,HsN30: C, 64.36; H, 7.37; N, 20.47.
Found: C, 64.24; H, 7.52; N, 20.42.

o-Ethynylphenylacetaldehyde (14).—To a suspension of sodium
amide (prepared from 500 mg of sodium and a crystal of hydrated
ferric nitrate) in 30 ml of liquid ammonia at —33° was added a
solution of 330 mg (2.3 mmol) of 3-benzoxepin (12)® in 5 ml of
anhydrous tetrahydrofuran. The mixture was stirred for 3.5 hr

C, 77.37; H, 9.74. Found: C,

(18) Two stereoisomers of octa-4,6-dien-2-one have previously been syn-
thesized, but no stereochemical details are available in either instance:
(a) J. Wiemann and H. Danechpejouh, C. R. Acad. Sc'..,, 266, 1165 (1968);
(b) F. Hoffmann-La Roche and Co., A.-G., Belgian Patent 660,099 (Aug 23,
1965); Chem. Abstr., 63, 19706e (1965).

(19) G. R. Ziegler, J. Amer. Chem. Soc., 91, 446 (1969).
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at this temperature and subsequently treated with solid am-
monium chloride. Evaporation of the ammonia was followed by
the addition of water and ether extraction. The customary
work-up afforded a yellow oil, purification of which by prepara-
tive vpc (10% SE-30. 150°) afforded 56 mg (17%) of 14: »£2*
1727 cm*“1; i?£S" 9.66 (t,/ = 2 Hz, 1, CHO), 7.0-7.7 (m, 4,
aryl), 3.82 (d,J = 2Hz, 2, CH.CHO), and 3.30 (s, 1, C=CH).

The semicarbazone of 14 was obtained as a fawn-colored solid,
mp 183-184° dec, from ethanol.

Anal. calcd for C,HnN30: C, 65.67; H, 5.51; N, 20.88.
Found: C, 65.40; H, 5.47; N, 20.58.

J. Org. Chem., Vol. 36, No. 10, 1971 1405

No.—b, 1487-99-6; 28362-73-4 1,
12, 264-13-1; 1413'» 228362 -16-7, 13 sem-

62-78-9: 14 seml-
16, 22545-12-6

Reqistr
28362-74-5:
carbazone, 28362-77-8;
carbazone, 28362-79-0;
nitrobenzoate, 22532-40-7.
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Thermally Disallowed Valence Tautomerization of an

Indano[l,2-b]aziridine to an Isoquinolinium Iminelab
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Received September 28, 1970

I-Cyclohexyl-6-(cyclohexylimino)-la-phenylindanol[l,2-6]aziridine (4) at 135° in toluene undergoes conversion
to an aromatic valence tautomer, the red isoquinolinium imine 5, despite the geometrical restrictions imposed

by the molecule on the formally required conrotatory opening.
The chemistry of 5 is discussed, in particular its trapping as an azomethine ylide in

isomerizations are reversible.
a series of 1,3-dipolar cycloadditions.

The thermal onrotator opening of the cvclopropyl
anr?n to the aig ion gryedrgted the W? rP [r)g
Hottman rules2has yet t recg Y]e experimental verifica-
tion, However Huisgen and his coworkers have con-
vincl ?a?l demgnstrated hoth the exPected thermal
conrofafor hotochemjcal disrotatqry openrng of
examples o the |soelectr0n|c analog aziridine to azo-
methine ylides.3 Subse uent . 1,30 oIar cvcloaddi-
tions. (if the azomethine ylrde mtgrm diates to homo-
mutr e anit heter?mut le on S 10 give a variety
of heterocycles are rrmyestab Ished. by several groups
of workers.5 When the ?zrrrdrne rrn? ?onstrarned
In a brcyc ic structure of medium size (five-0r Six-
mem bereq rrn% eﬁt e23bond drsrotator J)hotochem
ical opening 5 allowed. but thermal corfr tatory rng
openi qrs not permrttedb the geometr of th es stem.
ne latter reaction i theref e a disallowed rocess
Inagreement with this prediction Huisgen reported®

(1) (a) A preliminary report of this work has appeared previously:
J. W. Lown and K. Matsumoto, Chem. Commun., 692 (1970) (b) We are
indebted to the Nation I of Canada (Grant A2305) for
financial aid. (c) National Researc h Council of Cana
low, 1969-presen t

(2) R. B. Woodward and R. Hoffmann, “The Conservation of Orbital
Symmetry,” Academic Press, New York, N.Y. 1970, p 57.

(3) R. Huisgen, W. Scheer, and H. Huber, J. Amer. Chem. Soc., 89, 1753
(1967)

(4) (a) P. B. Woller and N. H. Cromwell, J. Heterocycl. Chem., 5, 579
(1968); (b) H. W. Heine and R. Peavy, Tetrahedron Lett., 3123 (1965); (c)
R. Huisgen, W. Scheer, G. Szeimies, and H. Huber, ibid., 397 (1966); (d)
A.Padwa and L. Hamilton, ibid., 4363 (1965); (e) R.von Capeller, R. Griot,
M. Haring, and T. Wagner-Jauregg, Hdv. Chim. Acta, 40, 1652 (1957); (f) H.
w Heine, A. B. Smith, and J. D. Bower, J. Org. Chem., 33, 1097 (1968);
(g) H. W. Heine, R. E. Peavy, and A. J. Durbetaki, ibid., 31, 3924 (1966);
(h) A. Padwa and L. Hamilton, J. Heterocycl. Chem., 4, 118 (1967); (i) A
Padwa and W . Eisenhardt, Chem. Commun., 380 (1968); (j) S. Oida and E
Ohki, Chem. Pharm. Bull., 16, 764 (1968); (k) H. W. Heine and R. Henzel,
J. Org. Chem., 34, 171 (1969); (1) J. W. Lown and J. P. Moser, Chem.
Commun., 247 (1970); (m) G. Dallas, J. W. Lown, and J. P. Moser, ibid.,
278 (1970); (n) J. W. Lown, J. P. Moser, and R. Westwood, Can. J. Chem.,
47, 4335 (1969); (0) J. W. Lown, T. W. Maloney, and G. Dallas, ibid., 48,
584 (1970); (p) J. W. Lown, G. Dallas, and T. W. Maloney, ibid., 47, 3557
(1969); (q) J. W Lown. R. K. Smalley, G. Dallas, and T. W. Maloney,
ibid., 48, 89 (1970); (r) J. W. Lown, R. K. Smalley, G. Dallas, and T. W
M aloney, ibid., 48, 103 (1970); (s) J. W. Lown
Moser, ibid., 48, 1682 (1970).

(5) R. Huisgen and H. Mader, Angew. Chem., Int. Ed. Engl., 8, 604
(1969).

al Research Counci
da Postdoctoral Fel-

, R. Westwood, and J. P.

Both the thermal and analogous photochemical

that the brcyelrg aziridine 1, while it undergoes facile
photochemical disrotatory opeping to speciés 2 whic
was subsequently trapped with dimethyl acetylenedi-

q n H
CH3— N, :n— cthdbch3p CH3— NHN— CdhOCHfp

0 H o
2

carboxglatﬁ ive 3 in 70% yield, was totaIIy un-
S ang ok S ‘emretéatntz%%%fh%te.“n 3 icyclic
azrrrr?rne c?osel re ate%te \ghrle Photochemrcalydrs-
rotatory openr g is allowed, thermal conrotatory ring
openrng disallow

e tle ort the tF \TX lsallgwel%ﬁ/ea)r(le rr:neI tauio-
pne fi rpano?125¥ |r|d|ne 4 té y?re |soyurno rtrum
|m|ne 5 (see eq 1) ana subsequent trapprng of the

|atter as an azomethine ylide in a series of cycloaddi-
tions. The phenylindario [1,2-6]aziridine6 is “a white

(6) N. H. Cromwell and M.C. McMaster, J. Org. Chem., 32, 2145 (1967).
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Table

Adducts of 1-Alkyl-6-(alkylimino)-ls-phe

Ro
Ad- Yield,
ducté Ro Rb Rc R d Re Mp, °C %
6 CeHii H H CONPAhCO 235-237 82
9a CeHii H coXxm H COsCH 155-156 68
13 CoHn H H (CH )t 154-155 37
1 1
14 CeHii H H CH— (CH22CH 174-175 39
i ! 1
15 CoHn H H CHCH=CHCH 143-144 32
19a CHs H H CONPhAhCO 216-217 85
19b cm H H (CHJ), 128-129 56
20 CeHii H H H CN 206-2C7 45
21lac CHs H H H CN 146-148 66
21b CsHu H H H CONH, 183 53
22h CsHu H H cm CN 192-193 51

Lown and Matsumoto

nymndano[l,2-6] aziridines with Olefinic Dipolarophiles”

-Chemical shifts and coupling constants of methine protons”-

—=-5in ppm from (CHASi* oo @ e Hz'

Ha» Hb He JAC JBC Jad
5.14,d (0.1 H) 4.32,d 3.87,t 9 9
5.01,d (0.28 H) 4.30,d 3.37.,q 1.8 7.3
4.78,d (1 H) 2.6-3.2, ra 2.1-2.6,m 8
4.66,d (0.57 H) 2.74,d 2.34,t 8 10
4.49.,d 3.18,d 2.69,t 9 9
4.94,d 4.55,d 4.17,q 8.5 9.5
4.56,d 2.9-3.2, m 2.5-2.9,m 8
4.73,q (0.1 H) 3.61,q 2.5, m 8 10 1.5
3.7-4.1.,m 3.7-4.1, m 2.7-3.2, m 8.5 11 1.5
4.74, q 3.85,q 2.3-2.7,m 8 11 1.5
4.78,d (0.5 H) 3.87,d 2.5-3.0,m 8 11

° Satisfactory analytical data (+0.4% for C, H, and N ) and mass spectral molecular masses (+0.001) were reported for all com-

pounds in table: Ed. DY = N except as noted. eY-Ro = O.

All adducts showed absorption due to aromatic and vinyl protons

in the range 5 6.0-8.4 with the appropriate integration and absorption in the range S 0.5-2.7 due to C@Hn with the cyclohexyl methine

protons absorbing in the range S 2.1-2.8 and 3.3-3.8.
tively. ' Joa values for 20, 21a, and 21b were 7 Hz.

crystalllne solid which i |ada 15 sen3|(§|ve to wsdﬂe |I9ht

COFOT WHIC?]XE{)euSr%n tthe futld)ns 0? 41n t8|u ne

or xylene at about 135° assume. an Intense purple col or
which fades upon cooling or is bleached rap |dZ
sunI;%ht This >ﬁurple sPemes proved to be sen |t|ve

t0 0 g peroxides, halogens, acids, bases, and
captans, all'o ded in trace_quantities resu ted
|trrt]erap|d bIeachlng of the color. The a35|gnment of

urple species as the isqquinoipium Imine 5 was
S%T fc())rt:el)l esb;? ef?lsment trapp?ﬁg W!tﬂ avariety cf da
HeaFt)lng of a degassed solution, of 4 with an equi-

mfsolar juamh%r reﬁlughenylmalelmlde In toluene at

Xylene under nitroge
forded the crysta |ne gdduct% a0

correspondi %to 13- |(polar

In
82% sylt?
across the azomet |ney esystem

cloadd|t|0n7
ee Taglel). Com-

6a,X =H
bX=D

ound 6 was a33|gned a configuration in which the
hen ImaIe|m| e “molety IS e do with respect to the

ccoex mino grou onte asis of the nmr

trum Whlch S ovgeg 8Hz couy ?tng to the bridge ead
rotop n agreergent %h adlhed al anrdle of a§ roxI-
ately 20° predictea from an examination of mo-

(7) R.Huisgen, Angew. Chem .,Int. Ed. Engl., 2, 565 (1963).

e Ho octet line positions for 20, 21a, and 21b were 1.80, 1.94, and 1.85, respec-
/cr values for 20 and 21a were 13 and 14 Hz, respectively.
tensity to the value shown in parentheses in the bridgehead deuterated analog.

» Reduced in in-
h Contains a small amount of an isomer (<5%).

lecular models and by comparison with other adducts

4 15 193,20, 21a, 21, and 22 (fsee | ure 1A and
able g T he nmr swﬁnments 0 th% eth men
tons In 6 could be made unamb |du0usy t{examlna Ion

Hed With s[pecmcal
2a-(leuterate 8p[ Rared rom the manobromo
cursor / cyclonexylamine-A-d/ with 91% deu-
terium incorporation.

of the anaIO%ous adduct 6a obtal

A characteristic pro er of 1,3-dipolar cycloaddi-
tions 1 tﬁe stereOﬁBecflm of a(fdltlgn WII respet‘ht
to the deO arophile,7 Ho ever reactlon of 4 wit
an eqdlmo ar quantlg e hyl fumarate ]p
metfv maleate in dégassed tolugne at 135° for 4
hr afforded the identical adduct 9%, mp 156- 157

9a, X=H
b, X=D

E = COOCHs

(8) D. B. Denney and M. A. Greenbaum, J. Amer. Chem. Soc., 79, 3701
(1957).
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Figure 1.—Nuclear magnetic resonance spectrum at 100 MHz in
CDC13 of (A) A'-phenylamaleimide adduct of 1-cyclohexyl-
6-(cyclohexylimino)-la-phenylindano[l,2-6]aziridine, and (B)
N-phenylamale.mide adduct of I-cyclohexyl-s-(cyclohexyl-
imino)-2a-deuterio-la-phenylindano[l,2-6]aziridine (91% deute-
rium).

in 68 and 54% y (elds resPect%ver, correspondm%

eometry to the addition of a fumarate molet
%?W ﬁe prglon ed heatmg at 135° reﬂuwed to effect
sa owe rtng opening 0f 4 results in 1somerization

maléate to dimethyl fumarate prior to
cyc oa é tyon Y P

The onentatlon of the addition. of the fumarate
moiety In oa together with unambiguous a35|gnment
of the nmr methine, line osmons Was p035|ble by ex
ammatton of th brldgett7 deyterated a{ta oeg 9b see
Figures 2 The diminution of th

doublet upon deuteratton conftrms the asmgnment of
the brld% ?ead proton and its 1 Olw Ing to pro-
ton C |rmst at the ortentatlon of these é)ro H
15 opposite tq that w ich obtains In adduct
assignment of the 7.3-Hz splitting to a trans Hb- Hq
couglmgdrecelves support by examination of adduct 20

des
ltou t?te thermal valence tautomerization of 4
to 518 formally a forbidden process, substantial drivin
force for. this process is Prowded by the relief of rm
strainDin 4 and the gain in resoriance eHer% 2
T IS process, IS analogous to the observed reversible
tautomerization of 2,3-diphenylindenone oxide to the

(9) Dimethyl maleate retains its configuration during the addition to
3-benzoyl-l-cyclohexyl-2-(2-thienyl)aziridine in refluxing benzene [J. W.
Lown and K. Matsumoto, Can. J. Chem., 48, 2215 (1970)], whereas addition
of dimethyl maleate to 1,2,3-triphenylaziridine in refluxing toluene gave a
fumarate adduct.1* Partial isomerization of dimethyl maleate occurs dur-
ing the addition to 4-oxazolines to give 3-aroyl-4,5-dihydrofuransir and
Huisgen reported complete thermal isomerization of maleate in an attempt
to observe stereospecific cycloaddition of a Icetocarbene to maleate and
fumarate: R. Huisgen, H. Konig, G. Binsch, and H. J. Sturm, Angew.
Chem., 73, 368 (1961).

(10) For example, although the analogy is not exact, D. R. Arnold and
L. A. Karnishky [J. Amer. Chem. Soc., 92, 1404 (1970)] point out that the
thermal bond homolysis of the central bond of bicyclopentane requires ca.
20 kcal mol-1 less energy than bond homolysis in dimethylcyclopropane:
J. P.Chesick, J. Amer. Chem. Soc., 84,3250 (1962); M. C. Flowers and H. M.

Frey, Proc. Roy. Soc., Ser. A, 257,22 (1960).
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Figure 2.—Nuclear magnetic resonance spectrum at 100 MHz
in CDC1, of (A) dimethyl maleate adduct of I-cyclohexyl-6-
(cyelohexylimino)-la-phenylindano[ 1,2-6) aziridine, and (B) di-
methyl maleate adduct of I-cyclohexyl-6-(cyclohexylimino)-2a-
deuterio-la-phenylindano[l,2-6]aziridine (91% deuterium); E =
carbomethoxy group.

red pyrylium 4-oxide 10 and of cycloPentadlenone
oxidesto'the red pyrylium oxides 11.18" Huisgen pointed

0ut7thec rhonyl ylide nature of th oxides 10
?tICh adll react W% delttp )fa rI|]es in1
|e an a a-

d%p ’ ar adt Iettoposreor éj' rgt(/lvzne brgtawI N species 5 and 10
% 11y3|gn|?|cant differences In tehelr properties may

be
Phe pstylium oxide 10 forms an exo adduct 12
Ht norbornadlene here?s 5 forms exc u3|veI¥ endo
ucts For_example, s forms 6 and 13, which was
obtalned in 37% y|eId from cyclohexene.  Compound

CeH,
12 13

(11) (a) E. F. Ullman and J. E. Milks, J. Amer. Chem. Soc., 84, 1315
(1962); (b) E. F. Ullman, ibid., 88, 3529 (1963); (c) E. F. Ullman and J. E.
Milks, ibid.. 86, 3814 (1964); (d) E. F. Ullman and W. A. Henderson, ibid..
86, 5050 (1964); (e) J. M. Dunston and P. Yates, Tetrahedron Lett., 505

(1964)
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4 was obtained reaction. of 4 with norbornene
rh 40% ykr)e?d an8y15 Was srmtrlarly obtalrned from

14 15

norbornadrene in 32% |eId The conf uratron of
the a uct 1% was estab Ished b Z coug |ng
to the bridgenead proton by an g Wrth 6. SIm

IarI% adducs 14 and 15 werg e\ssr%ne structur%s endo
with respect to the |soqurn0 IniUm  molety . because
of the mag nrtérde of the coupl q ac t0 be brrdgehead
roton (87and 9 Hz, respective but exo strictures
wrt res ect to the norbornene and norbornadiene
moleties because scf = 0 Hz |n agreement wrt as-
signments made on adducts % Huisgen
and his coworkers.5 In accordanee wrth this assrgn

ment it may be noted that norbornene and norhorna-
a(ja(rire nognally form exo Diels-Alder and 1,3-dipolar

An addrtronal drfference in lﬂer es betweeg
and d ft|s thatlw ereatsh4 0 e%ecovereI
eld after pyrolysis In the absence of a dipolaro-
Eﬁ?eysee ?aterpdr%cd/ssrson the unrecoveredj Fi23
enone oxide In comparable experiments
ormgdmb UIIman an Mr”{ )Jorove)dpto rEe ar%
ture ? IMers. e er rouE in the 1s0-
qturno mru(rjn grou d rola3a ert substanttral
steric hindrance. dyring the cyclopaddition
erectsad l1aro?)hrle into't § en oc%nP uratron
|pe}vents Imerization of 5. Tetrasuh strtute di-
ﬁop es such as fetracyanoethylene Iarled to reac
However, the a t that the smaller A-methy
substrtuent in 18 similarly results m the exclusiv

formatjon of endo adducts” 19a and 19 su g(I;ests that
other factors besides steric hindrance direct'the mode

(12) J. K. Stille and D. A. Frey, J. Amer. Chem. Soc., 81, 4273 (1959).

Lown and Matsumoto

Ph

/
CHs

o Ph

1
19a,R=C— N— C—
b,R=(CH24

of addition of the dr%olaror)hrle We examined %n
symmetrical rtpo aropniles to establish any possr
\(r)rrrrlterrnaarrtle){]cesgeo$raegrc eolrrr] |ttrrlee gffolrtd(e)d] onIReoar%l(r)sn o
adduct in 52% yreld to which structureyZO cou da bbe

assr ned unam%r uousky
rum together wit
perrments (see Table I1).

exami tron of the nmr
|ca| dourhe Irradiation ex-

Tavre Il

Double Irradiation Experiments on Adducts of
Indano[l,2-6]laziridine at 100 MHZz"

collapsed-————» constant,
Original form Final form Hz
466 t, 2.34, He d Jab = 10
466 d,2.74, Hb Unaffected

266 q,4.73, Ha d Jad
q,3.61, Hb
206 q,3.88, Ha
206 q,3.87, Hb
470 m, 2.5, He

20

21la

ITITIIIII = =3 =
» a o ® © 8 » 5 B
~
>
>
2 aaa
o
> 2
(e}
Bo® oy
»n

21b
JCD = 14
q,4.74, Ha d Jad = 1
“ Double irradiation experiments performed with Varian HA-
100 nmr spectrometer. 6 From (CHshSi.

He 252

Simi Jgrly aziridine 18 reacted Wltp ac%lonrtrlle to
Ive adauct 21a in which, however, the 5 limino
roup rom 18 was eIrmrnated by hydrol ¥srs durrn%
e wor dluct procedure, ide " reacted with

grve addyct 21b in 53@; %j the structure of which
was proven by deuterium Iabeling and spin decoupling.
CHs
21a, X =CN

b, X = CONHz
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The ﬁpera ion of stror}]g drrectrongl effects In tE
a roach of the |oar0 Ile to 5 1s demonstrate
t di to 5 trated
reactron of 4 with a cis-trans mixture of crotonitrile.
The adduct_obtained proved to be that formed from
cfs-crotonitrile exclusively, 2 In which both larger
gron sma y be accomﬁdated renhote from the bridge
clohexyl” group. The stereo
22115 con |rmedb ?bservatron ofJAc- Hz and JBC =
1 Hz both typical_of cis vicinal coupl |n%rn a pyrrolr
dine structure.& The appearance of HB as a simple

22

11-Hz doublet and its line pasition at s 3.87 supgorts 22
and gxclude the structure in which the dipolaropnile
15 added n the alternative orientation.

The structure of the minor isomer produced in this
rea%tron could not he assrdned with confidence owing
to t ereIatrvey oW Intensity of its nmr spectrum.

Reaction of 4 with dimethyl acetrflenedrcarbox |ate
in toluene gave 23a in 70% he nmr spectrum
of 23a consisted. of a, cIFsey srmrlar garr of Isomers
showing two distinct singlets Tor the bridgehead proton

CeHu

HA  COCHs

23a52 IblC(H

wotn Of whrch disappear in the adduct formed from 8
and di dn}e YI acettylenedrcaiboxglate ). and two sets of
signals for _the ester meth ? RS In the same_pro-
portion,. This we atfribute e existence df syn
and anti stereorsomensm about the 6- %clo exr( Iming
group, since mild acid eydrol sis of the mixture_of
isomers 23a n%]ave a srn% 5 pound .f n
nmrs ectru of 23 showe ones arp srng et for t
brid e nead rproton at s 4.80. This phenomenon of
¥n antr ste eol omerrsm which occurre in the éa
of acetylenic adducts of 4 v}r]af not encount}ere
adducts of olerinic drpoIarop Presumabply the
operation ofdrrectronal effects whrch place Iar er ?roups

do to the c%co exylimino group I e,

19b, and 22 prec ude the “existence ofasyn con-

f| uratron analogous to, 23

imil ar reaction of methgl proprolate Wrth 48ave a
mixture 0 stereorsomerrc adducts in 6 [y the
major pﬂrtld< of which (>90% consrsted of structure

4°which like 23 exrsts as a Syn- antr stereorsomenc
mrxture Both of these stereors erss owed doup etg
from AB quartets o AB = 2.7 Hz) for the Hdﬁehea
grotons at 5446 and 5.08, respectivel y, We]re
onfirmed by deuteration to the extent of 9
Intensity of ‘these signals was 10% of one proton in a

¢hemica assrgnmgnt Of

J. Org. Chern., Vol. 36, No. 10, 1971 1409

sample separately prepared from 8. The magnitude
of this vicinal coupling corresponds with that reported
for the model compound norbornene in which JAB =

3H.B
GeHu

CeH,

2

Methyl phenyl propiolate reacted with 4 to give a
mixture” of isomers. 25a and 250. In this instance, as
In the case of the drphenylacetylgne adduct 26, distinct
gknasrers/rg(rjras due to each"syn and anti isomer were not

CeH,,

CeH,

25a, A **C02CH3B = Ph
b, A =Ph;B=C0CHs

%golarornhrlrc capacrtY of the carbon-carhon
dou bIe nd in diphenylcyclo ro enone 1S consider-
able, 40 and |n. many_ of its 1,3- ?Iar cgcloaddl 1ons
to 3- aroylazrrrdrnes |t forms pyrrolines Dy expulsion
? carb OPrH rhoxrdf and thus behaves asamore reactrve
enylacetylene. ~ Reaction 0 RJ/
0 ro en ne14W|th 4 1n tol uene at 135 ?a et
P ? formulated as 26 a d The former was
entrca with that obtaine rom diphenylacetylene
és formation s ratrr)Jta |z% In che e l. " The
secon r%ro duct 27 Erove to_ be Uct e
carbon monoxide was not eliminated), and espectral
data were consrstent with structure 27:

124 Icon
' rJSQSO ?broad srnglet exc?tangea ?e by rfeu
terrum X de NH). a ehr R dduct resembles thosg
obtained yreactron o Inhe Cycgc oEropenone an
enamines by Ciahattoni and Berch
Nature of the ang Opened Specres—Raprd deter
mrnatr(?n of the visible absorntron spectrum of the

colore gecres obtain eating 4 to 135° In 5vIene
showe n Intense a so}tron maximum at 505 mix
wrth S ou ders at 534 and 5/0 m”.  The ring opening

e icted }/ Q 1 js demonstrably reversible as shown
%/ paraLe % ermets carrre out In the resence
d in the absence Q Ng enylmaleimide a owerfu
drpo arophile.  The fracti no consume n Eres
ence of 4 trapping agent é ) exceede the ractio
used u |n|sa sence (39%), dhencet euntragP
!)so uinol nHum Iming 5. mys be thermal lY reconverte
to the Indanoaziridine 4. A similar argument

(13) nce, 58 (1963).

(14) R. Br eslow‘ T. Eicher, A. Krebs, R. A. Peters , and J. Posner
mer em. Soc., 87, 1320 (1965).

(15) J. Ciabattoni and G. A. Berchtold, J. Org. Chem ., 31, 1336 (1966).
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Semenme the same qrbital symmetry control as a cyclopropyl
to allyl cation rearran?ement B The Intermediate ni-
trenium |0n IS converted to_ I1soquinoling by loss of a
&roton parallel |s rovided in the resent work;
hen the e b abstracts a proton from added am-
monium h | e, It Is copverted Into the more stable
salt 299which is the conjugate acid of the ylide,

Ph

Some measure of the resonance stablhzatlon available

t05 h)d Its consequent relatlvelzv %n lifetime 1 pro-

- vided by Its successu trappmg enzyne, Heat-
mgamlxture of 4 with th ebenzyne precursordlphenyl-

lodonium-2-carboxylatedin mesitylene gave the adduct

‘{}’]aes reen\} rlg eFt)?yofU{hne]a\r}aflenndceMtgh%ortr?egsemOg?trzaée 30. This indicate quahtatlvelyythatg 5 15 relatively

h lind enone oxide.

ro nge F} rolysw 0 gn the absence ofg olaro-
hiles or In the presence o very unreactive dipolaro-
hiles such as cyclohexanone of benzonitrile resulted

In the formation of 28.

The elimination of cyclohexene from 5 to form the  stable and long-lived, since re%eate% attfmpté 0 traﬁ
able aromaf[ rodu%t 28 finds. a parallel in the the azomethln gh efroml tr| eny azjridine wit
hmmatlon 0 rocar ons from intermegiate 4-oxa- tnB i vae ulnsuccess Hf Another factor con-

20 Anes t0 form 4romatic. oxazoles reported by Padwa 0 the refative stability of species 5 Is that
angd Hamilton.

The observed thermal Oi)enln of 4 tO boomplements o N L e e e g aees,
the recent#y descrltﬁdﬂalowe s0lvo Zyt|c disrotatory o4
t e A C orolndano 2 6 1 rI Ine to a n (19) This reaction of 6 results in a sensitivity of the azomethine ylide tc

0 nln 0 i H e while A'-phenylmaleimide
Jemurﬂ jon, which 15 an electrocyclic process With — cononis sossrsine mevtte protene, oo oonie

gave 6 in 82% yield, the apparently closely related dipolarophile maleimide
gave in addition to only a small amount of adduct a complex mixture of
(16) A. Padwa and L. Hamilton, Tetrahedron Lett., 1861 (1967). unidentified products.

(17) D.C. Horwell and C. W. Rees, Chem. Commun., 1428 (1969). (20) F. M. Beringer and S.J. Huang, J.Org. Chem., 29, 445 (1964).
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rrng cl(osure of the azomethine Irde bz/ as Xmmetry
we conratatary process2l would. result In a trans-
eu?e 0rrtnge \évt;rrétrrnrs cIearIy not permrtted by the geom-
h tochemrcal VaIenceh Tautomerization of the In-
danoT 2-6 (azinidine ilst the geometry of 4 should
not aflow conrotatory opening to specres 5 under
thermal conditions, thie coroll% ey IS thatp otochemical
drsrotatory Cleava ge should |
dilute so utrons of 4 In dioxang or ether at 0 rna uartz
reactron vessel gro duced an rmmedrate deero red co or

th ea sor tron gectrum of which corres %d cose

wrt tha colored s ecres ro I rerdex 8rs'rlrjrr% }/
e red color is disch ra 0

vrsrbeﬂj ht and tﬂe rn red d)ectyumpof thepbleached

so utron was superimposable with that of 4. otonsrs

of solutigns of 4 in dichloroethylepe resylted |
tolytic a%stractron 0 hydrogenychporrde ?rom th]e sal-

vent and OProductron of the yellow salt 29 (X = CI) in

Thrs comlﬁ) und was rden ical in properties with that
pjo uced erma d thus represents the photo-
chemrca stanil rzatron of5b roton a stractron

A control experiment rnvo vrng irradiation of solu-
tions of 4 In the epr cavity of @ Varian instryment
generated the deep red color but roduced no evrdence
Of a diradical species even at ow temperatures. \We
conclude that 4 yndergoes facile reversiple hotoc emj-

al disrotatory cleavage to an azomethine ylide 1denti-
aI with that roduced thermally.

Repeated attempts to trap ‘this sFecres 9eneratled
phot ytrcal\y at | W temperature with dipofarophiles
such Imaleimide proved unsuccessful.
However thrs res trs not unexpected since, while 3-
arojy azrrrdrnes readily qive 13-dipofar cycloaddition

dducts in good yield i avarrety of dipotarophiles in
refluxrnre; benzene Padwa and Hamilton wer ungble )

trap the analo ous azomethrne ylides produced pho-
tol gtrca ly.4l rmrarn¥ in Hursdens classicdemon-
sfration of the ther al . conrotator photolytic
d*srotaéorxo zrrrdrn Herrva“ves 3the ields

lar ad uctso tarne t erma were Su error
to those tarne oc emically In the recentl ey
announce phot(o gt tatoryceavaeof OXJranes
to carb %ﬂy % e52 therma cleavage to similar
Recres 1 r[po ar a ﬂrtron adducés Wwere formed
thermally but not under photolytic conditions.

Experimental Section

General.—Melting points were determined on a Fisher-Johns
apparatus and are uncorreeted. Infrared spectra were recorded

(21) (a) R. Hoffmann, J. Amer. Chem. Soc., 90, 1475 (1968); (b) R. J.
Crawford and A. Mishra, ibid., 88, 3963 (1966); (c) B. G. Gill, Quart. Rev.,
Chem. Soc., 22, 338 (1968); (d) D. R. Arnold and L. A. Karnishky, J.
Amer. Chem. Soc., 92, 1404 (1970).

(22) T. Do-Minh, A. M. Trozzolo, and G. W . Griffin, ibid., 92, 1402
(1970).

facile. "Photolysis of
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on a Perkin-Elmer Model 421 spectrophotometer, and only the
principal, sharply defined peaks are reported. Nuclear magnetic
resonance spectra were recorded on Varian A-60 and A-100
analytical spectrometers. The spectra were measured on ap-
proximately 10-15% (w/v) solutions in CDCfl, with tetra-
methylsilane as a standard. Line positions are reported in parts
per million from the reference. Absorption spectra were re-
corded in “spectro” grade solvents on a Beckman DB recording
spectrophotometer. Mass spectra were determined on an
Associated Electrical Industries MS-9 double-focusing high-
resolution mass spectrometer. The ionization energy, in general,
was 70 e\ . Peak measurements were made by comparison with
perfluorotributylamine at a resolving power of 15,000. Kieselgel
DF-5 (Camag, Switzerland) and Eastman Kodak precoated
sheets were used for thin layer chromatography. Microanalyses
were carried out by Dr. C. Daessle, Organic Microanalysis Ltd.,
Montreal, Quebec, and by Mrs. D. Mahlow of this department.

I-Cyclohexyl-6-(cyclohexylimino)-la-phenylindano [1,2-6] azir-
idine and I-Methyl-6-(methylimino)-la-phenylindano[l,2-6]azir-
idine.—These compounds were prepared according to the method
of Cromwell.e The cyclohexylindanoaziridine had mp 158-159°
(lite 159-160°). The methylindanoaziridine had mp 98-99°
(1it.698-99°).

Reaction of I-Cyclohexyl-6-(cyclohexylimino)-la-phenylin-
dano[1,2-6]aziridine with Olefinic Dipolarophiles.—A'-Phenyl-
maleimide, dimethyl maleate, dimethyl fumarate, acrylonitrile,
acrylamide, norbornene, norbornadiene, and cyclohexene were
successfully employed as dipolarophiles. The reaction procedure
is exemplified by the following three reactions.

Reaction of I-Cyclohexylimino-6-(cyclohexylimino)-la-phenyl-
indano] 1,2-6] aziridine with A'-Phenylmaleimide.—A solution
of 0.770 g (2 mmol) of the indanol[l,2-6]aziridine 4 and 0.346 g (2
mmol) of Ar-phenylmaleimide in 30 ml of p-xylene was heated
under reflux under nitrogen for 12 hr. Removal of the solvent
in vacuo gave a red oil, trituration of which with hexane afforded
adduct 6a as a slightly purple solid, 0.925 g (82%), purified by
recrystallization from ethyl acetate-hexane: mp 235-237°; ir
(CHCL) 1649 (C=N), 1713, 1775 cm*1 (C=0); nmr «tms
(CDCL) 0.5-2.2 (m, 20, CeH,), 2.2-2.9 (m, 1, CHN), 3.5-4.1
(m, 1, C=NCH), 3.87_(t, 1,Jac = 911z, Hc), 432 (d, 1, Jac =
9 Hz, Hb), 514 (d, 1,Jac = 9 Hz Ha), 6.0-8.3 (m, 14, aromatic
protons) (see Figure 1A); uv, (95% EtOH) 247 mix (log €
4.12), 290 (sh, 3.06), 304 (sh, 2.62); mass spectrum (70 eV)
557.3042 (calcd for CsrH3oN20 2, 557.3042).

Anal. cCalcd for C3,HuN202 C, 79.68;
Found: C, 79.86; H,6.86; N, 7.53.

Reaction of I-Cyclohexylimino-6-(cyclohexylimino)-la-phenyl-
mdano]l, aziridine_ with Dimethyl Fumarate—A deoxy-
genated solution of 1.15 g (3 mmol) of the |ndano]312 -6] aziridine 4
and 0432 ¢ (3 mmol% of dimethyl fumarate in 30 mi of toluene
was heated to 135-145° in a sealed vessel for 48 hr.  Removal of
the solvent iN_Vacuo gave 9a as a slightly purple solid, 1.074 ¢
568%) mp 156-157° (ether-pentane); ir (CHCI3) 1642 (C=N),

1 etm.1 (c=0); nmr tms (CDCL)O 22 (m, 21, ceH, )
323& 3, coxcHs), 3.37 ¢ 13 Hz 1ac = 18 H
i 5 e B 1 e 2 T 42) 555
m. 1, c=NCH), 501 (@ L1z = 1811z, HA), 6.4- 3im 9,
aromatrc protons) (see Figure 2A); uvme (95% EtoH)_242 npi
(log t 16) 218 (sh, 314% mass spectrum (70 eV) 528.2995
(calcd for Ca3H,,,N20,, 528.2988).

Anal. Calcd for CjjiH"NAL: C, 74.97; Il, 7.63; N, 5.30.
Found: C,74.77; H, 7.49; N, 5.55.

Reaction of I-Cyclohexylimino-6-(cyclohexylimino)-la-phenyl-

I, 7.05; N, 7.54.

indano] 1,2-6]aziridine with Dimethyl Maleate.—A deoxygenated
solution of 1.15 g (3 mmol) of the indano] 1,2-6]aziridine 4 and
0.432 g (3 mmol) of dimethyl maleate in 30 ml of toluene was
heated to 135-145° in a sealed vessel for 48 hr. Removal of the
solvent in vacuo gave an adduct 9a identical in all respects with
that obtained above from dimethyl fumarate, 0.857 g (54%), mp
156-157° (ether-pentane).

Reactions of I-Cyclohexylimino-6-(cyclohexylimino)-la-phenyl-
indano] 1,2-6]aziridine with Other Olefinic Dipolarophiles.
Similar reactions were carried out with 3 mmol of either indano-
(1,2-6]aziridine and 10 ml each of acrylonitrile, crotonitrile, nor-
bornadiene, or cyclohexene or 10 equiv of norbornene in 30 ml of
toluene for reflux periods of up to 48 hr. Analytical and spectro-
scopic data on the adducts thus obtained are summarized in
Tables I and Il. Critical double irradiation experiments on
selected adducts used to determine coupling constants and to
assign structures are reported in Table I1.
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6-Cyclohexylimino-2a-deuterio- la-phenylindano [1,2-6] aziridine
(9). A. 2-Bromo-3-phenylmdenone6 (8).—2-Bromo-3-phenyl-
indenone was prepared by the following improved procedure.
A mixture of 33.6 g (0.1 mol) of 2,3-dibromo-3-phenylindenonez3
and 10.8 g (0.11 mol) of potassium acetate in 700 ml of 95% eth-
anol was refluxed for 6 hr.  Concentration of the solution in vacuo
gave 2-bromo-3-phenylindenone (7) as orange crystals from
ethanol, 24.8 g (97%), mp 112-113° (lit.2a mp 112-113°).

B. 6-Cyclohexylimino-2a-deuterio-la-phenylindano [1,2-6]-
aziridine—To a slurry of 25.5 g (0.1 mol) of 2-bromo-3-phenyl-
indenone in 200 ml of dry benzene, a solution of 40 g (0.4 mol) of
cyclohexylamine-IV-cfes was added dropwise with stirring, and
stirring was continued 3 days in the dark. Removal of the sol-
vent gave a brown solid, trituration of which with 95% ethanol
gave pure aziridine 8 as a white solid, 30.8 g (80%): mp 159-
160°;, nmr ;tms(cbc13) 0.5-2.2 (m, 21, CeH,), 3.23 (s, 0.09,
bridgehead proton), 3.4-4.0 (m, 1, C=NCH), 7.0-8.0 (m, 9,
aromatic protons). An average of several integrations confirmed
91% deuterium incorporation at the bridgehead position.

Reaction of 6-Cyclohexylimino-2a-deuterio-la-phenylindano-
[1,2-6] aziridine with Olefinic Dipolarophiles.—In order to eluci-
date the stereochemistry of some of the adducts obtained by reac-
tion of indano[l,2-6]aziridines 4 with olefinic dipolarophiles,
additions of the 2a-deuterated analog were carried out as ex-
emplified by the reaction with IV-phenylmaleimide. The re-
sults of other similar experiments are summarized in Table I.

Reaction of 6-Cyclohexylimino-2a-deuterio-la-phenylindano-
[1,2-6] aziridine with A'-Phenylmaleimide—A deoxygenated solu-
tion of 1.16 (3 mmol) of 6-cyclohexylimino-2a-deuterio-la-phen-
ylindano[l,2-6]aziridine (8) and 0.519 g (3 mmol) of JV-phenyl-
maleimide in 30 ml of toluene was heated at 135-145° for 24 hr.
Evaporation of the solvent gave a purple oil, trituration of which
with hexane gave a pale purple solid 6b, 1.322 g (79%): mp
236-237° (ethyl acetate-hexane); nmr sems(cbDc13) 0.5-2.2 (m,
20, CeH,), 2.2-2.9 (m, 1, CHN), 3.5-4.1 fm, 1, C=NCH), 3.87
(d, 1,7 ac = 9 Hz, He), 432 (d, 1,JBc = 9 Hz, HB), 5.14 (d,
0.1, Ha), 6.0-8.3 (m, 14 aromatic protons). An average of
several integrations confirmed 90% deuterium incorporation at
the bridgehead position.

Reaction of I-Cyclohexyl-6-(cyclohexylimino)-la-phenylmdano-
[1,2-6] aziridine with Acetylenic Dipolarophiles—Dimethyl
acetylenedicarboxylate, methyl propiolate, diphenylacetylene,
methyl phenylpropiolate, diphenylcyclopropenone, and benzyne
were successfully employed as dipolarophiles. The reaction
procedure and structure proof of the adducts for the first three
dipolarophiles was similar to that described in detail for typical
olefinic dipolarophile additions. The reactions involving the
latter three acetylenic dipolarophiles are discussed in detail.

Reaction of I-Cyclohexyl-6-(cyclohexylimino)-la-phenylindano-
[1,2-6]aziridine with Methyl Phenylpropiolate.—A deoxygenated
solution of 1.15 g (3 mmol) of the indano[1,2-6]aziridine 4 and
0.480 g (3 mmol) of methyl phenylpropiolate in 30 ml of toluene
was heated to 135-145° for 40 hr. Evaporation of the solvent
gave a purple oil which was subjected to chromatography on
alumina. Elution with benzene gave one main fraction. Re-
moval of the solvent in vacuo and trituration of the residual solid
with hexane afforded adducts 25a and 25b, 0.914 g (56%): mp
172-173° (ether-hexane); ir (CHCIs) 1638 (C=N), 1701 cm-:
(C=0); nmr 5ems (CDC13) 0.3-2.5 (m, 21, C«Hn), 3.52 and 3.58
(s, 3 each, C02CH3), 3.7-4.4 (m, 1,=NCH), 553 and 5.57 (s, 1,
bridgehead proton; line position confirmed by deuteration to
the extent of 71%), 6.8-8.4 (m, 14, aromatic protons); uvma*
(95% EtOH) 248 npx (log €4.34), 236 (sh, 4.30); mass spectrum
(70 eV) 544.3084 (calcd for C37H4N202, 544.3090).

Anal. caled for C3HoN202 C, 8155, H, 7.40, N, 5.14.
Found: C, 81.12; H, 7.31; N, 5.19.

From the nmr spectrum it appears that two orientational
isomers are present; however, repeated attempts at chromato-
graphic separation were unsuccessful.

Reaction of I-cyclohexyl-6-cyclohexylimino-la-phenylindano-
[1,2-6] aziridine with (A) dimethyl acetylenedicarboxylate similarly
gave adduct 23a (71%); mp 68-70°; ir (CHC13 1637 (C=N),
1724 cm-1 (ester C=0); nmr Sems (CDC1§ 0.3-2.5 (m, 21,
C,H,), 35-42 (m, 1, C=NCH), 3.57, 3.78 (s, 3 each, C02
CH3J), 4.9 (s, 0.4), 5.55 (s, 0.6, bridgehead proton), 6.8-8.3 (m, 9,
aromatic protons).

B. Methyl propiolate similarly gave adduct 24 (61%); mp
73°; ir 1635 (C=N), 1716 cm-1 (ester C=0); nmr 5tms (CDC13)

(23) R.Weisz and S. Luft, Monash. Chem., 48, 338 (1927).

Lown and Matsumoto

0.3-2.4 (m, 21, CeHn), 3.3-3.7 (m, 1, C=NCH), 3.45, 3.50 (s, 3,
CO02CH3), 4.46 (d, 0.5, ) = 2.8 Hz), 5.08 (d, 0.5, ] = 2.5 Hz,
bridgehead proton), 6.8-8.3 (m, 10, aromatic protons).

Acid Hydrolysis of Adduct of I-Cyclohexyl-6-cyclohexylimmo-
la-phenylindano[ 1,2-6] aziridine with Dimethyl Acetylenedicar-
boxylate.—To a stirred solution of 0.526 g (1 mmol) of adduct 23a
in 20 ml of methanol was added 20 ml of 2 N hydrochloric acid.
Stirring was continued for 5 hr at room temperature, the meth-
anol was evaporated, and the residue was extracted with chloro-
form. Evaporation of the solvent from the dried (MgSO<) ex-
tract gave a yellow solid 23b which purified by recrystallization
from chloroform-hexane, 0.307 g (69%); mp 134-135; ir
(CHC13) 1640 (C=0), 1720 cm-: (ester C=0); nmr «tms
(CDC13 0.5-2.2 (m, 11, CeHn), 3.72 (s, 6, C02CH3), 4.80 (3, 1,
bridgehead proton), 6.7-8.0 (m, 9, aromatic protons); mass spec-
trum (70 ev) 445.1892 (calcd for CzrH27No 6 445.1889).

Reaction of I-Cyclohexyl-6-(cyclohexylimino)-la-phenylin-
dano[ 1,2-6]aziridine with Diphenylcyclopropenone—A deoxy-
genated solution of 2.30 g (6 mmol) of the indano[ 1,2-6]aziridine
4 and 1.236 g (¢ mmol) of diphenylcyclopropenone in 60 ml of
toluene was heated for 48 hr at 135-145°. Removal of the
solvent gave a dark red oil, trituration of which with 95% eth-
anol gave initially crude 27 as a yellow solid, 1.469 g (42%),
purified by recrystallization from 95% ethanol: mp 223-224°;
ir (CHC13 1624 (C=0), 1618, 1595 cm“1 (C=N); nmr «tms
(CDC13 0.3-2.5 (m, 21, CeHn), 3.28 (s, 1, exchangeable with
D20, NH), 3.3-4.0 (m, 1, C=NCH), 6.7-7.7 (m, 19, aromatic
protons); uvne* (95% EtOH) 250 (log c4.22), 295 (3.79), 414

(3.97); mass spectrum (70 eV) 590.3297 (calcd for Ca2H4N20,
590.3297).
Anal. caled for CoH#N20: C, 85.38, H, 7.17, N, 4.74.

Found: C, 84.95; H, 6.71; N, 4.98.

The filtrate obtained from the isolation of 27 was subjected to
chromatography on alumina using benzene as eluent which gave
adduct 26 as a colorless solid, 0.762 g (23%): mp 169-170° (95%
ethanol); ir (CHC13) 1634 cm*1 (C=N); nmr ST\ (CDC13) 0.5~
2.5 (m, 21, CeHn), 3.2-3.7 (m, 1, C=NCH), 5.62 (s, 1, bridge-
head proton; line position confirmed by deuteration to the extent
of 50%), 6.8-8.5 (m, 19, aromatic protons); uvnax (95% EtOH)
224 mju (log €3.81), 257 (e 3.63); mass spectrum (70 eV) 562.3340
(calcd for C«H (2N2 562.3348).

Anal. calcd for CaH#N: C, 87.50;
Found: C, 87.45; H, 7.42; N, 5.07.

This compound was identical in all respects with that obtained
directly by reaction of 4 with diphenylacetylene.

Reaction of I-Cyclohexyl-6-cyclohexylimino-la-phenylmdano-
[1,2-6]aziridine with Diphenyliodonium-2-carboxylate.—A solu-
tion of 1.15 g (3 mmol) of the indano[1,2-6]aziridine 4 and 1.94 g
(6 mmol) of diphenyliodonium-2-carboxylatex in 50 ml of 1,2,3-
trimethylbenzene was heated under reflux for 10 hr under nitro-
gen. Removal of the solvent IN vacuo gave a dark red oil which
was subjected to chromatography on alumina. Initial elution
with pentane removed aromatic by-products, while the main
fraction was obtained by elution with benzene. Evaporation
of the solvent In Vacuo and several recrystallizations of the residue
from 95% ethanol afforded adduct 30 as a pale yellow solid, 0.258
g (19%): mp 83-86° (95% ethanol); ir (CHC13) 1635 cm-:
(C=N); nmr €ms (CDC190.5-2.5 (m, 21, CeHn), 3.2-3.7 (m, 1,
C=NCH), 5.65 (s, 1, bridgehead proton), 6.5-8.2 (m, 13, aro-
matic protons); uvma* (95% EtOH) 258 mu (log e 3.51), 226
(3.94); mass spectrum (70 eV) 460.2883 (calcd for CzH3N2,
460.2878).

Reaction of I-Cyclohexyl-6-(cyclohexylimino)-la-phenylindano-
[1,2-6] aziridine with Dipolarophiles of Low Reactivity and in the
Absence of Dipolarophiles—A deoxygenated solution of 1.15 g
(3 mmol) of the indano[1,2-6]aziridine 4 and 15 ml of cyclo-
hexanone in 15 ml of toluene was heated to 135-145° for 48 hr.
Removal of the solvent In vacuo gave a dark purple oil which was
subjected to chromatography on alumina. Elution with benzene
gave an oil from the main fraction, trituration of which gave 28
as ayellow solid, 0.346 g (38%): mp 123-124°; ir (CHC13) 3432
(NH), 1577 cm-t (C=N); nmr Stns (CDC13) 0.5-2.5 (m, 10,
CeHn), 3.2-3.8 (m, 1, CHN), 4.10 (s, 1, exchangeable with DD
NH), 7.2-8.3 (m, 10, aromatic protons); uvnax (95% EtOH)
262 m/i (log € 4.06), 340 (sh, 3.91), 363 (4.03); mass spectrum
(70 eV) 302.1787 (calcd for CaHZ2N2 302.1783).

Anal. caled for C2iHZN2 C, 83.40; H, 7.34;
Found: C, 83.19; H, 7.27; N, 9.14.

The identical compound was obtained by similar reaction of 4
with benzonitrile and vinylene carbonate in 19 and 23% yields,

H, 7.53; N, 4.98.

N, 9.27.
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respectively. No unreacted aziridine could be detected after
these prolonged reactions at high temperature.

Reversibility of the Thermal Valence Isomerization of 1-Cyclo-
hexyl-6-(cycloherylimmo)-la-phenylmdano [1,2-6] aziridine.  A.
Reaction in the Absence of Dipolarophile—A deoxygenated
solution of 1.15 g (3 mmol) of 4 in 30 ml of toluene was heated to
135-145° for 24 hr giving a deep red color. Evaporation of the
solvent and trituration of the residue with ethanol gave recovered
indano[1,2-6]aziridine 4 as a slightly yellow solid, mp 158-159°,
0.702 g (61% recovery). Evaporation of the ethanol mother
liquor afforded 0.068 g (19%) of 28, 123-124°.

B. Parallel Reaction in the Presence of a Dipolarophile—A
similar experiment was performed with 1.5 g (3 mmol) of 4 and
0.519 g (3 mmol) of A'-phenylmaleimide under exactly compar-
able conditions and resulted in the isolation of adduct 6 (see
above), 1.34 g (80%), mp 235-236°, but no aziridine 4 could be
recovered.

Reversibility of Photochemical Valence Isomerization of 1-
Cyclohexyl-6-(6-cyclohexylimino)-la-phenylindano [1,2-6] aziridine
—A solution of 1.063 g (2.8 mmol) of the indano[1,2-6]aziri-
dine 4 in 100 ml of tetrahydrofuran was irradiated under nitrogen
at 0 to —10 ° in a quartz cell using a 450-W Hanovia high-pressure
lamp for 8 hr. A deep red solution was obtained and when ex-
posed to visible light the color rapidly faded to a pale yellow re-
sulting in a virtually complete restoration of the infrared ab-
sorption spectrum of the original compound 4.

Photochemical Reaction between 1-Cyclohexyl-6-(cyclohexyl-
imino)-la-phenylindanol[l,2-6]aziridine and Cyclohexylamine Hy-
drobromide.—A mixture of 1.15 g (3 mmol) of the indano[1,2-6]-
aziridine 4 and 1.08 g (¢ mmol) of cyclohexylamine hydrobromide
in 150 ml of ether and 20 ml of methanol was irradiated for 8 hr
under nitrogen with a 450-W high-pressure Hanovia lamp in a
quartz reaction vessel. The resulting yellow solid 29 was col-
ected and recrystallized from ether-methanol, 0.527 g (38%):
mp 298-299°; ir (CHC13) 1617 (C=N), 3230 cm"1 (NH); nmr

(24) The very close similarity of the absorption spectrum of this species
[erw((dloxane) 500 m/z, 520 (sh), 565 (sh)l to that obtained by heating 4
[XITBX(xerne) 505 mp, 534 (sh), and 570 (sh) 1 may be noted.

J. Org. Chem., Vol. 36, No. 10, 1971 1413

Stms (CDC1,) 0.6-2.4 (m, 20, CéH,,), 3.0-3.6 (m, 1, CHNHC=),
3.9-45 (m, 1, =N +CH), 6 8-8.1 (m, 9, aromatic protons), 8.51
(d, 1, D20 exchangeable NH), 9.65 (d, 1, J = 7 Hz, aromatic
protons); uvm, (95% EtOH-HBr) 393 mM (log e 4.12), 335
(3.77), 324 (sh, 3.72), 288 (3.86), 279 (3.89); mass spectrum (70
eV) 384.

Anal. caled for CZHMN2Br: N, 6.02. Found: N, 5.56.

The identical compound was obtained by heating the indano-
[t 2-6]aziridine with cyclohexylamine hydrobromide or ammo-
nium bromide in toluene.

Photochemical Reaction between I-Cyclohexyl-6-(cyclohexyl-
imino)-la-phenylindano[l,2-6]Jaziridine and m-I,2-Dichloro-
methylene.—A mixture of 1.15 g (3 mmol) of the indano[1,2-6]-
aziridine 4 and 20 ml of cfs-1,2-dichloroethylene in 100 ml of
absolute ether was irradiated under nitrogen at o to 10° in a
quartz reaction vessel for 8 hr. The resulting yellow solid was
collected and purified by recrystallization from methanol-ether,
1.08 g (86%); mp 283-285° ir (CHC13 1618 (C=N), 3220
cm-1 (NH); nmr Jems (CDC13) 0.7-2.5 (m, 20, CeH,), 3.3-3.7
(m, 1, =CNHCH), 4.1-4.5 (m, 1, = +NCH), 7.1-8.2 (m, 9, aro-
matic protons), 8.54 (d, 1, DD exchangeable, NH), s.68 (d, 1,
J = Hz, aromatic proton); uvnax (95% EtOH) 222 mix (log &
4.59), 278 (3.66), 288 (3.64), 324 (sh, 3.47), 334 (3.55), 393
(3.99); mass spectrum (70eV)384.

Anal. cCalcd for c27H33N2CI: N, 6 .66. Found: N, 6.55.

The identical compound was obtained by heating the indano-
[t ,2-6]aziridine with ammonium chloride in toluene.

esqrstry Ngo —6, 27409- 741 6h, 28443 72 3, 8,
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Whereas polyphosphoric acid cyclization of /3-phenylethylaminophthalide (1a) gives lactam 3, similar eycliza-
tions of met-hylenedioxyphenyl (Ic) and dimethoxyphenyl (Ib) analogs proceed in the direction of respective

5,6-dialkoxy-2,3-dihydro-7-dibenzo[de,6]quinolones (4).

In Ib closure, the 6-methoxy group in the tetracyclic

base is partly demethylated and for the most part lost, giving 4a as the major product, together with monophenolic

congener.
in turn further characterized as acetates 7 and s .
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Structure 4a was established by spectral data, aromatization to 5, and reduction to basic carbinol 6,

rrr.raaa 0%t'a%‘taferﬁ"t.!%'ctﬁ'utttttantﬁ i
azeotr]og ?r ref ux enzene or toJuene).

rst place, such products of the reaction o
Phthaérldehydrc acid w(r;thpprrmary mines, % ose

ormed with'second ar amines and ot er nucleop |esIJ
ﬁre for the most amrnog hthalides lrather
droxypnthalimi nes IS apparent_from therr

rn rare spectra rn which Iactone pands (5.70 ) [g
domrnai Further evi en 3tructure Lis. tFre
that mild hP/dro enatlron of | IVes a\mrno acl s
% flve n¥ Oproducts whrc would nqt arrse
trom roxyphthalimidines contrast, as 15 wel
known, reactrons of the ring tautomerrc acid chlorides

(10) D.D. Wheeler, D. C. Young, and D. S. Erley, J. Org. Chem., 22, 547
(1957)
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corresponding, to phthalaldehydic and o-benzoylben-
zorc cids. with amines lead” to hydroxyphthalimi-

We found that ponphosPhonc acid, SPPAg cycliza-
tion at 100° of crude material consisting largel of la
ave ac Ioress actam 3, the same as th ﬁt re orte /as

product of HA04 cyclization of 3- dr xy
phenylethyl)phthalrm|d|ne Slimjlar cY |zatons of
b and ¢, however, gave quite different results, The

main product( ield ca, 30%) from Ib was not a lactam
but rath er a basrc yellow (or orange) substance Its
ana 2ytrcay determined empirical foymula was C

mol” wt 263 aItho FeC|3 tests t ther
wrt asss ectra n |cate resenceo ap no rc
impurity, 3(mol wt as We asatrace of

anothe substance C|8'||5\| |t was
practically i |mpossr e to remove t e RNr to henol |c
constrtuent completely by extraction bases, the

Zcompound was drffrcult t0 purrfy completely;
none(the e% 0od ang yses were secured, and further
wor as oIo s established Jfs structure as 4a.  Al-
th outg basic (giving red solutions with acids), it did not
react with d|methz| squate |odomethane or_acetic
anhydride except nder drastic conditions. The uv
spectrum cIosey resembled that o 2-methoxyanthra-
quinone, T e nmr s ecfrum with srx aromatic pro-
tons, one of th em me (3ut not ortha) coupled, ‘and
t ree, methox s 5 |9_? reed with str cture 4a,
errsectr ac ing N aso rptign, ha astrong
mpeak, evidently conjugated C=0Q and/or C=N
The presence of both these unsaturated groups became
apparent on NaBH4reduction, when the'ir 6 upeak
disappeared, and a hasic carbinol 6 was obtained.
Fro thhs comgoun)d In turn h treatment \glth Acd)
at 100° there was obtained hydr x¥ |V-acetyl derivative
[, and further Acd reaction (reflux) .gave th
dracet | derivative s. _Finally, ‘arom tr%atron of I 1
5 with Pd/C under mild conditions (refluxing xylene
afforded evidence of a dihydroisoquinoling moigty in

Thus It WhS evident tha]t PPA cgclrzatron of Ib Ied
via (WO 1ing closures7and loss of t elements of meth
anoI mainly to 4a and In part, by
ane Eo a minor a[nount p enol |c con ener,
S andttoverf ttlte4|Ra OCH3. i
rmrarc ation of methylenedioxy com on C
?ave 4. wh Y‘hh e er Was ra¥herunsta/bl r]p Formeg
n much _lower yield than 4a.  Correct analysis an
spectra, (ir 6.03 ° uv similar to_that of 4a; nmr consis-
tent with 4c;. mass seectrum 291) havrnu establjshed
strycture 4c, it was e rdgnt lt(hat a simila Joss of 2H
witho llrt accompan rng lkoxylation h occurred
Phenolic substances were alsoB resent aftert IS cycliza-
tion, but they were not amenable to Isolation and char-
acterrza ion.

%ourse of these rrnsg closyres seems farély clear
alt ou certain question remarn unanswere After
c crza jon of |m|n|um acids correspond |n 0lbc to
tra Xdrorsoqurnﬁlrnes the reactrvrtg tPosrtron
therem qwing to the 7-alkoxv group,Is ucht at further
carbonyl |um jon attack, very simjlar to that leading
from  2-(m- methovaenzoyl) enzoic acids to corre-

(11) W. Graf, E. Girod, E. Schmidt, a
1085 (1959).

(12) J. M. Sprague, F. C. Novello,
(1967)

nd W. G. Stoll, Helv. Chim. Acta, 42,

and A. A. Deana, U. S. Patent 3,322,631

oss o the elements of

Walker and Kempton

spondrng anthraquinones, 3 accurs, giving a 10-amino-
anthrong relative. The driving force for'dehydrogena-
tion o such an mtermedrate toan anthraqumone |m|ne
ver Tk IS In Itself great and, as shown g he Is0la-

of 4¢; 15 not necessarrly related to loss of oxygen
from the_aromatic carpon ortho to the anthraqurnone
C=0. The loss of this oxygen, an unusual phenome
non, predominating in 1b 4a, could roceed via TIISt
demethylation to chelated hydrox ketone 4b (a well-
known fype) and then Ioss of water, or it mrght rnvoIve
direct 10ss of met anol, cPe talito errc orm of a
nossiple mterme late, 5 6-dioxytetrahydro- (-tibenzo-
[de/r]qurno one whrchmrght ose ROH directly, 1s indi-

F (t d although we do not necessarrly
claim rts validity. In any event there IS at least one

4a,R= OCH3R'= R"= H
b,R= OCH3R'= OH;R"= H
¢ R, R'= —0CH20—R" = CHb

INaBH , (4a)

H
COCHs

7, R
8, R

(13) D. S. Noyce an
references therein.

d P. A. Kittle, J. Org. Chem.., 32, 2459 (1967), and



12,3-Dihydro-7.H-dibenzo Juinolines

excellent analogy to our findings to be found in work
W|th liriodenine analoqs JMvhergin from a partially hy-
rogenated azabenzan hrone Qaporphlnone of a 5|m|Iar
ere waselmlnate in the course of work ug
rou situated (vinyl ous Zm respect to
-0 so as orsemblea ethyI nol her, as in the
resen Case.

%matlc methox | loss is an unl#]sual sg/nthetlc reag-
tlon te possibility may exist that It Geeurs In crig-
cal intermed |ates at a[pgro priate oxidation levels in
? e l0genetic %lza rl)slea%iln to series of related
kaloids in which’the number of oxy groups varies. In
view of current. [nterest in_aporptiines and other iso-
gumﬂjrl]r%grglsl%almds 1518the findings presented here may

Experimental Sectionso

5,6,8,12b-Tetrahydro-8-isoindolo[1,2-a] isoquinolone (3).— The
condensation product la from 13.9 g (0.115 mol) of /3-phenyl-
ethylamine and 17 g (0.113 mol) of phthaldehydic acid (200 ml of
toluene, Dean-Stark trap, refluxed 1 hr, solvent evaporated;
mp 156-158°, acid-soluble; ir 5.70-5.88 n) and 250 g of PPA were
heated 1 hr on a steam cone with stirring. Treatment with ice
and water, extraction with ether, isolation of neutral product by
evaporation of washed (dilute NaOH, dilute HC1, water) and
dried (MgSO<) ether solution, and recrystallization from ether
gave 17 g (64%) of colorless crystals: mp 116-118° (lit.s mp
114-116°); ir5.96 N', uv 278 nm (e 1840).

Anal. Calcd for CieHINIO: C, 81.68;
Found: C,81.58; H,5.82; N, 5.92.

Reaction of 3 (20 g) with LiAIH, (40 g) in THF (250 ml; re-
fluxed and stirred 10 hr) and work-up (150 ml of water, filtration,
evaporation, residue separated into neutral and basic com-
ponents) gave 3.4 g of the corresponding tetracyclic, tertiary
amine, characterized as the hydrochloride, mp 221-225° dec (from
ethanol-ether).

Anal. calcd for CleHisN-HC1:
Found: C,74.82; H, 6.51; N, 5.35.

A neutral product (5.1 g) was also obtained from this LiAIIR
reaction and assigned the structure 12b-hydroxy-5,6,8,12b-tetra-
hydro-8-isoindolo[l,2-aJisoquinolone, colorless crystals from
ethyl acetate: mp 200-203° dec; ir 3.06 and 5.99 nN; uv 248-
254 nm («4420) and inflections 264 (3860) and 272 (2950).

Anal. calcd for CieHisNO2 C, 76.47; H, 5.22; N, 5.57.
Found: C, 76.35; H, 5.20; N, 5.51.

2,3-Dihydro-5-methoxy-7(7//) dibenzo[<fc,/i]quinolone (4a).—
Condensation of 27 g (0.149 mol) of homoveratrylamine and 22.5
g (0.150 mol) of phthaldehydic acid in 300 ml of toluene or ben-
zene, with or without 0.5-1.0 g of TSO3H (1.5-hr reflux under
water trap), gave a crude, acid-soluble, viscous oil, ir 5.68 N (1b).
This syrup and 425 g of PPA were heated 0.7 hr on a steam cone
with stirring. The cooled material was treated with 1.5 1 of
ice and water and stirred 1-2 hr. The deep red, aqueous solu-
tion was separated from dark, tarry residue by decantation and
filtration and made basic by gradual addition (ice bath) of 20%
NaOH solution. Crude, orange-brown crystals which sepa-
rated were collected, washed with water, and dried, yield 13.5 g
(34%). On trituration with methanol there was obtained 10.3
g (26%) of orange-yellow crystals: mp 163-166° dec; mass
spectrum M 293 (very rveak), 279 (Cd. 6-10%), and 263 (90% or

H, 5.57; N, 5.95.

C, 7455; H, 6.26; N, 5.34.

(14) J.Cohen and W. |. Taylor, 3. Org. Chem., 28, 3567 (1963).
(15) S. F. Dyke and M. Sainsbury, Tetrahedron, 21, 1907 (1965)
(16) T.Kametani, etal.,, 3. Chem. Soc. C, 1295 (1969).

(17) J. L. Neumeyer, K. H. Oh, K. K. Weinhardt, and B. R. Neustadt,
J.0Org. Chem., 34,3786 (1969).

(18) M.sShamma and C. D. Jones, ibid., 35, 3119 (1970).

(19) Melting points were obtained using Thomas-Hocver silicone oil
bath; uv curves (MeOH solutions) were measured with a Cary 14 recording
spectrophotometer; irspectra (Nujol mulls) were taken on a Perkin-Elmer 21
double-beam instrument; mass spectra were recorded using a MS-902
double-focusing apparatus We are indebted to Miss Ruth Behnke for
nmr spectra (Varian A-6G; TMS internal standard) and interpretation
thereof, as well as to Mr. George Robertson, Mr. Rudolf Oeckinghaus, Dr
Reginald Puckett, Miss Barbara Biffar, Miss Natalie Cahoon, Mr. Charles
Navarro, Mr. Anis Hamden, and Mr. Mike Hotolski of the staff of Mr. Louis
Dorfman for microanalytical and spectral data, and to Mr. B. Korzun for
chromatographic work.
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more). Recrystallization from ethanol or methanol gave 4a as
yellow crystals, mp Ca. 170° dec, still somewhat contaminated
with phenolic material although sufficiently pure for further re-
actions: mass spectrum M+ 263 with m/e 236 (—HCN), 248
(—CH3), and 219, as well as m/e 279 (relative intensity ca. 5%)
and 262 (—OH). The 279 phenolic constituent was still present
after treatment of the material with warm 21% NaOH solution.

The compound was relatively insoluble in EtOAc, acetone, and
DMSO. It did not react with diazomethane, with iodomethane
(DMF) or methyl sulfate, or with AcD at 100°.

The crude cyclization product, before recrystallization or tri-
turation with solvents, was found to consist of 15% of the phenolic
compound, which was isolated and characterized as follows.
Preparative tic (CHC13solution, on silica) with 0.65 g of crude,
orange crystals gave (fraction 1) 110 mg (17%) of orange crystals:
mp 163-167° dec; Rt ~ 2.5; FeCl3test deep blue-green; mass
spectrum M+ 293:M+ 279 (1:8 intensity ratio). Trituration and
recrystallization of the sample from EtOAc gave orange needles
(4b): mp 173.5-174.5° dec; ir 6.10-6.18 (rel weak, chelated)
and 6.29 uv 240, 278, 324, and 428-430 nm (log e€4.53, 4.13,
3.82, and 3.71, respectively); M+ 279.

Anal. calcd for Ci,Hi:NO03 C, 73.11; H, 4.69; N, 5.02.
Found: C, 73.31; H, 4.82; N, 4.94.

Fraction 2 from tic [529 mg (81%), mp 166-170° dec, Rt ~
3.5, FeCls negative, M +263] was essentially pure 4a. Recrystal-
lization from methanol gave yellow crystals: mp 168-170° dec;
ir 6.05 and 6.28 n; uv 226, 248-252, 259, 275, 316, 364, and 380
nm (log £ 4.43, 4.34, 4.37, 4.26, 3.68, 3.57, and 3.62, respec-
tively); nmr (CDCI3) s 8.5-7.5 (m, 5, aromatic protons at
positions 6, 8, 9, 10, and 11), 6.95 (m, 1, J < 3 Hz, meta-coupled
4-proton), 4.13 (t, 2, 3 = 7 Hz, 3-methylene), 3.9 (s, 3, OCHJ),
and 2.85 (t, 2,/ = 7 Hz, 2-methylene).

Anal. calcd for CnHBNO2 C, 77.55; H, 4.98; N, 5.32.
Found: C, 77.42; H, 4.97; N, 5.22.

Fraction 3 from tic [16 mg (2.5%), mp Ca. 165-170°, Rt
5.5, FeCl3 negative], had mass spectral peaks at 261 and 231
(intensity ratio 2:1), presumably representing monomethoxy (5)
and deoxy aromatized compounds, respectively.

2,3-Dihydro-2-methyl-5,6-methylenedioxy-7 (77/)-dibenzo-
[de,h] quinolone (4c).—Similar cyclization of 15 g of the crude
condensation product (benzene) of phthalaldehydic acid and /3
(3,4-methylenedioxyphenyl)isopropylamine (ir 5.68-5.72 n) with
150 g of PPA at 100° for 20 min was accompanied by decom-
position (dark brown, foaming). After hydrolysis with 1 1 of
ice and water, the clarified, red solution was neutralized with
NaOH. From the deep green solution there was slowly de-
posited (3 days, 0°) Ca. 0.5 g of crystalline material, which was
collected, washed with water, dried, and recrystallized from ethyl
acetate, light orange crystals, tending to become greenish in air
especially in the presence of solvents: mp 214-217° dec; ir 6.03
m; uv 233 nm (£ 35,030), 405 (5480), and a series of inflections
at 251 (21,540), 272 (16,270), and 319 (5750); nmr (CDC13
s8.4-8.2 (m, 2, protons 8 and 11), 7.8-7.5 (m, 2, protons 9 and
10), 6.9 (s, 1, 4-proton), 6.25 (s, 2, OCHD), 4.0 (m, 1, 2-meth-
ine), 3.2-2.5 (m, 2, 3-methylene), and 1.63 (d, 3, CH3); mass
spectrum M + 291 with peaks 276 (—CH?3), 263 (—CO), 264
(—HCN), 248 (—CO, -CH 3).

Anal. Calcd for CigH,aN03 C, 74.21;
Found: C, 73.97; H, 4.75; N, 4.75.

o-[/3 (3,4-Dimethoxyphenylethyl)aminomethyl]benzoic Acid
(2b).— Hydrogenation (40 psi) of 8.7 g of crude Ib in EtOAc (150
ml) in the presence of 5 g of 10% Pd/C at 50° for 2 hr afforded
crystals: mp 165.5-167° dec (from ethanol); water soluble;
ir broad aminium and carboxylate (6.12 n) bands; uv 226 nm
(e13,580) and 277 (3640).

Anal. Calcd for CI8H20,N: C, 68.55; H, 6.71; N, 4.44.
Found: C, 68.26; H, 6.80; N, 4.67.

Compound 2c, similarly prepared from Ic, had comparable
properties, crystals from ethanol, mp 172.5-173.5° dec.

Anal. Calcd for CIBHINO04 C, 68.99; H, 6.11; N, 4.47.
Found: C, 68.64; H,6.31; N,4.40.

5- Methoxy 7(77/) dlbenzo[de Itlquinolone (5).—Compound 4a
(1.5 g) in xylene (250 ml) with 10% Pd/C catalyst (1.3 g) was
refluxed 1 hr, and the suspension was filtered while hot. Evap-
oration of the solvent gave (quantitatively) crystalline residue.
Recrystallization from ethyl acetate afforded golden yellow
crystals: mp 180-181°; ir 6.03 n and doublet 6.18-6.25 q; uv
247, 311, and 382 nm (log £4.70, 3.72, and 3.99, respectively)
with inflections at 275 (3.81), 302 (3.69), and 394 (3.99); nmr
(CDCIs) &8.8-7.1 (m, 8, aromatic protons, with one meta-

H, 4.50; N, 4.81.
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coupled 6-proton discernible ca. 0 8.04; J = 2.5 Hz), 3.92 (s, 3,
OCH3); mass spectrum M + 261 with 231 (—OCH3), 203 (—CO),
and M +277 (low intensity).

Anal. caled for Ci7THUNO2 C, 78.15; H, 4.24; N, 5.36.
Found: C, 77.91; H, 4.36; N, 5.47.

5-Methoxy-7-hydroxy-1,2,3,1 Ib-tetrahydro-7i/-dibenzo[<ie, h]-
quinoline (6).—Treatment of a suspension of 4a in methanol
with an excess (4-5 parts by weight) of NaBII, resulted in effer-
vescence and solution of the material. After heating on a steam
cone 20 min while evaporating most of the methanol, the cooled
residue was treated with water. The collected, washed (water),
and dried product, on recrystallization from methanol, gave color-
less crystals: mp 191-193° ir 6.18 m (weak) together with
bonded OH and NH bands; uv 276 nm (e 1960) and 284 (2010).

Anal. calcd for CnNiZNOs: C, 76.38; H, 6.41; N, 5.24.
Found: C, 76.65; H, 6.58; N, 5.28.

The compound gave temporary, intense blue (or red) colors
with strong acids.

iV-Acetyl derivative 7 was obtained by warming a sample of
the basic carbinol & with excess acetic anhydride at 100° for 1.5
hr. The solution was evaporated and the residue recrystallized
from ethyl acetate, giving colorless crystals: mp 225-227°;
ir 292 and 6.14 y; uv 276 nm (e 1810) and 283 (1870); nmr
(DMSO) 57.83-6.6 (m, 6, aromatic protons), 6.36 (d, 1, DD
exchange, OH), 5.9-5.4 (m, 2, benzhydryl protons), 3.74 (s, 3,
OCH3), 3.1-2.6 (m, 4, methylene protons), and 2.33-2.07 (com-
plexs, 3, NHCOCHS3).

Anal. cCalcd for CisHisN03 C, 73.76;
Found: C, 73.84; H, 6.25; N, 4.38.

0,.V-Diacetyl derivative 8 was obtained by refluxing 6 or 7

H, 6.19; N, 4.53.

Polycyclic Orthoquinonoidal Heterocycles.

MacDowell, Jeffries, and Meyers

(1 g) with acetic anhydride (45 ml) for 4 hr. Evaporation,
trituration of the brown-yellow residue with ether-ethyl acetate,
and recrystallization from methanol gave slightly yellowish
crystals: mp 188-190°% ir 5.71 and 6.07 m; uv 278-279 nm
(e 1900); nmr (CDC13) 57.4-6.55 (m, 6, aromatic protons), 6.08
(broad s, 1, 7-proton), 5.43 (s, t, lib-proton), 3.8 (s, 3, OCH3),
3.1-2.7 (m, 4, methylene protons), and 2.5-2.17 (m, 6, COCH3,
complexity of the latter signals indicating more than one isomer
and/or slight contamination with a phenol acetate).

Anal. calcd for C2,H2NO4 C, 71.78; H, 6.02;
Found: C, 71.76; H, 6.12; N, 3.93.

Hydrogenation of 7 or 8 in glacial HOAc in the presence of
10% Pd/C at 60-70° (3 hr) apparently led to hydrogenolysis of
both benzhydryl (9,10-dihydroanthracene) groups and also to
reduction of one of the aromatic rings, 1.6., to a crystalline
2-methoxy-4-(/3-acetylaminoethyl)octahydroanthracene, crystals

N, 3.99.

from ether: mp 147-148° ir 3.04, 6.12, and 6.45 w; uv 274
nm (e 1510) and 283 (1690).
Anal. calcd for C,,HZzNO2 C, 75.71; H, 9.03; N, 4.65.

Found: C, 75.76; H, 9.06; N,4.58.

Registry No.—b, 28399-68-0; 2c, 28455-52-9; 3,
1741 64 3 HCL 28399- 704 4a, 28399 71-5 4b,
283 97 ¢, 28399-13-1: 5, 28399-74-8; s, 28399

397

12b tetrah dro-8-isoindolo [I 2-a]isoquino
t/n %OX -4- 3ac[e ylaﬂn?ngethyl
thracene 28390-69-4,

one d28 55

6-0: 8,28399-77-1; 12b-hydroxy-5
{cta‘ny roan-

Thieno[3,4-b]quinoline

and Naphtho[2,3-c]Jthiophene

D. W.H. MacDowell,* Alfred T. Jeffries,Land Martin B. Meyers
Department of Chemistry, West Virginia University, Morgantown, West Virginia 26506
Received September 17, 1970

The formation of transient thieno[3,4-6]quinoline (1) and naphtho[2,3-c] thiophene (2) has been demonstrated

in the synthesis of the exo NPMI adduct of 1 and a mixture of the exo and endo NPMI adducts of 2.
Attempts to prepare 1 by the dehydration of I,3-dihydrothieno[3,4-61-

adducts were isolated and characterized.

These

quinoline 2-oxide (8) and dehydrogenation of 1,3-dihydrothieno[3,4-6]quinoline (7) were unsuccessful as were
attempts to prepare 2 Vla the analogous dehydration of 1,3-dihydronaphtho[2,3-c] thiophene 2-oxide (10) The
stabilities of 1 and 2 are discussed relative to one another and with regard to systems incorporating similar struc-

tural features.

W

34-6]quinoline 20XIét H an 3d|h dronalﬁhtho

il R
htlh[d Ilﬂ [phenew oéet

%attv3 stabilities compared to naphtho [1,2-jthio-

out Ined In Sch eme [ eactton of aniline and eth
ketotetra drothéogheneMarbox |ate 3 Jollovag

the procedure 0 etatspaee -anilin

2,5- dthydrothlophene -A-carboxylate (4) in" 78% yield.

(1) NDEA Fellow, 1967-1970.

(2) M. P. Cava and N. M. Pollack, J. Amer. Chem. Soc., 88, 4112 (1966).

(3) R.J.Brown, F. W. S. Carver, and B. L. Hollingsworth, J. Chem. Soc..
2624 (1962).

This 3pa er descrtbes the attempted synthesis of
%L uinoline 2 (% aphtho Bzgcthlo hene
rprecurs sulfoxides, 1,3-dihydrothieno-

{0 ascertaln { e|r

tt 3? e 1s3n[t'h¥ R ;

7 8

The occurrence of the imino tautomer o: 4 was excluded
the presence of. a sharp N-H stretchtng band. at
0 cm-1 I 'tf infrare ?]pe(ftrum Thermal ring
closure to 4R-1,3,4,9-tetranydrothieno[3,4-6]-quino-
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I|n 9 one g

e _ was accomplished in 69-84% yield.3

S 0X |zed to 9ch|or0 [ 3-di %d

treno 34-6 umo mﬁ by Dbrief treatment wr
luxing phosphoryl ¢ Ior de 1n 80% y|eI euctron
to 7 was ftccom lis n |h 63% yiéld usin
on charcoa In 2% ethanolic potassrum hyd
tron Selective oxrdatron of 710 8 was carrre out

33 66@{yreld usmg? lequrv of mc loro er enz%rc
acid in methylene ch orr(e
use of so u% meta erro e to attam thrs product
gave unsat| acto 3y

Synt esso I Dih drona hthoL %cvl/thro[t)hene 2-
Oxide (10),—The synt esIs 0 Scheme
Il. Oxrda lon of 1,3-dihydronaphtho [2,3-c]thiophene6

36 solu-

© Was carrred out in 69 13%
as descrrbe Ey Oae and cowor
srs >&pe}r| ents,.—Attempts to |sola(§e . and

yo tic dehydration of mixtures of 8 an 10wrth
neut alumina yy lelded only unreacted startrng
terial and some colored amorphous material. At P
to reparelb the catalytic'pyrolytic deh dro?enat on
techm Ue of MeVer, et ar-swere alS0 UNSUCESSTU

Trapping EXperiments.—The transient existence of
1was em?nstrated when its exo NPM| adduct was
IS0 atf ield fr m a mixture of 8 and NPM|
In rerluxing acetic anh y r| e Monitoring the reaction
by tic Indicated that “all of 8 was consumed after 20

In. The b?srs for the structHre of 11 Ires In its

elemental analysis and Ir, nmr, and mass spec ra.

In"an identical manner 10 was de ydrated in the
Prefence of NPM]J in refhyxm% acetic anhydrd The
solation of a mixfure o exo and ‘endo NPMI
adducts 12 and 13.1n 68% yield confrrms the exrstence

. [IC separation of the mrxture a] forded the In-
drvrdua components 12 3 which were present
In an approximately 1:1 ratro (Scheme 1),

Discussion

Although 11 and 12 are srmrIar systems their nmr
spectra sow s (gm ficant differences. The spectrum

yreld using aqueous NBS

exhibits singlets at r 490 nd 6.50
for the brrdgeh ad hdro ens ang ro ns fo
termrocar Nn repec ve Co Ry fD
? Eeot [ H sosowsangtatr490
or the rrd?ehead drogens when, in” theory, one
would expec two singlets due to their chemical non-

equrva ence. Attemps to record the sp ectrum of 1
Ohl/l% Q-1A an c orobe zeﬁe Were unsucce H

o onyfs'tanm ems. - Th fydrogens » 10 1 e |m|

e at r 6.5
IS Interesting that the brrdgeﬁead hydrogens of 11

(4) R. J. S. Beer, T. Broadhurst, and A. Robertson
(1953).

(5) K. Kondo, A. Negishi, and M. Fu
(1969).

(6) M. P. Cava and R. L
Kikukawa, K. Ando, an

., J. Chem. Soc., 2440

kuyama, Tetrahedron Lett.,, 2461
Shirley, J. Amer. Chem. soc., 82, 654 (1960).
(7) W. Tagaki, Iv. d S. Oae, Chem. Ind. (London),
1624 (1964).

(8) R. Meyer, H. Kleinert, S. Richter, and K. Gew

244 (1963).

ald, J.Prakt. Chem., 20,
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,N— CaH5

are a srnglet even though they are closer to the poin
one Uival ence han”the hydrogens a to h md
car ony s which show an AB Rattern 3 th
ttm Eatterns and ch%mrcal shifts of the ﬁ atl
te1and4 ydrog nsonthenaE aeH
r|n ae dr erent due to the Stereochemistry of t
endo adduct, adtwo protonmult Iplet betweenr
3.80 ﬁ ii4>15 arises r]omt e 1and 4 hydro ensgn the
naphthalene ring.  These yroqens esrte out
of the normal ar?matrﬁ region of The a-|mido carbon
grou A srmrar p en menon as peen ohserv
y ava2 m the endo NPMI adduct of benzo[c|thio-
ene. chemdcal shifts of th brrd?ghead g ?
ens and t 0 ensaéote Im ocaf Peys
13 are centere at r4.85 and 5.85 and are multip

oth 11 and 12 exhhbrt identical infrared § ectia
from 800 to 600 cmlw Ich are easry Istinguishab
from that of 13, These |st|n%trve patterns provide a
usetul_ means of distinguishing between the two NPMI

stereoispmers.

Ta ?an]ure to |a Late 1 and 2 under the conditions
oft loyrol tic rydrftlon reaction |s dHe to. the
PO ycyc 0 urno 0ida structureso an arrsmg
romc usron of the thiop tene nucleus at the 2 !
of the quinoline and na aeenucer respectivel

éhh 2cjth|o qhengz wmc rec udes tructyres

e wm for lan as been |s%aed In

50% yie y ro tic denydration method. In
addrtron It is weII ﬁr that t e reactrvrt [r the
aCENe Series INcreases Wrt hncreaamg linear anne atrog
Wrt In the series.  This eq ance actrvrtay cause
emcrease ammint(i orthoqumorlord character

Ef?ﬁ%%t e'v”okteasta”t? “Hie of the Gehydrdgenaion
o (t |sgmterest|ng to note the increased stahility in-

corporated into several otherwise very unstanle ortho-
quinoid type systems by the symmetrical addition of

nt
100
the
atlc

9) (a) E. Clar, lycyc Hydrocarbons,” Vol. 1, Academic Press, Ne
York, N. Y. 1964, Chapters 6 and 7; (b) G. M. Badger, “Aromatic Charac
rand Arom aticity,” Cambridge University Press, New York, N. Y., 1969,

pp 18-24.
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two _pitrogen _ atoms. Thus 2-methyl-2/l-pyrrolo-

et Cat e,
156 [\IP Pttt Cavan aysreporegl thaf

1.3- dipheny Ina hthg
solid state but 3-dl

'SaStabLe (Waztgle el
now only 2 has been trap

1
3-clfuran (1%) decomposes In the
nyﬁ urg [3,4-6 [quinoxaline 17
Id

s

il

uct.
0[2
ol
but Bp uttil

Experimental Section:a

Ethyl 3-Anilino-2,5-dihydrothiophene-4-carboxylate (4).—Ani-
line (43.6 g, 0.470 mol) was mixed with ethyl 3-ketotetrahydro-
thiophene-4-carboxylatess (3, 79.6 g, 0.457 mol) and refluxed for 7
min. After cooling, removal of 8.5 ml of water by azeotropic
distillation with benzene, followed by work-up, gave 114 g of
crystalline solid which was recrystallized from 2 :1 acetone-hexane
to give 63.3 g (55%) of solid: mp 73-76°: the analytical sample
(acetone-hexane) melted at 72-73°; ir (KBr) 3200 (NH), 1655
cm-1 (ester C=0); nmr (CCh) t 0.10 (s, 1, NH), 2.8-3.2 (m, 5,
aromatic), 5.8 (q, 2,J = 7Hz), s.68 (t,3,] = 7 Hz).

Anal. cCalcd for C3HSNO>S: C, 62.65; H, 6.02; N, 5.62;
S, 12.85. Found: C, 62.76; H, 6.02; N, 5.72; S, 13.10.

iH -\,3,4,9-Tetrahydrothieno[3,4-6]quinoline (5).—Ethyl 3-
anilino-2,5-dihydrothiophene-4-carboxylate (4, 12 g, 0.0518 mol)
was heated under reflux in a nitrogen atmosphere at 300°.
After the initial temperature drop, the mixture was maintained at
290-300° until a vigorous evolution of ethanol accompanied by a
cloud of smoke occurred. The solid residue was triturated with
benzene to yield 69-84% of solid material which was used in the
next step without further purification. An analytical sample
(EtOH) had mp 345-347°; ir (KBr) 3000 (NH), 1600 cm-1 (ke-
tone C=0); nmr (CF3CO2H) r 1.4-1.6 (mound, 1, NH), 2.0-2.6
(m, 4, aromatic), 5.3 (s, 2, NCH2), 5.6 (s, 2, CCHa).

Anal. caled for C,HaNOS: C, 65.02; H, 4.43; N, 6.89;
S, 15.77. Found: C, 64.89; H, 4.49; N, 7.60; S, 15.48.

9-Chloro-1,3-dihydrothieno[3,4-6]quinoline (6).—477-,3,4,9-
Tetrahydrothieno[3,4-6]quinolin-9-one (5, 10.0 g, 0.049 mol)
and distilled phosphoryl chloride (85 ml) were refluxed together
for 4 min. The mixture was cooled and poured onto ice and then
neutralized with 2 1 of cold 2 M ammonium hydroxide. The
resulting gray solid was filtered and air-dried to leave 8.73 g
(81%) of solid, mp 140-141°. The solid was best purified by
chromatography of a benzene solution over aluminum. An
(10) R. C. Anderson and R. H. Fleming, Tetrahedron Lett.,, 1581 (1969).
(11) J. E. Shields and J. Bornstein, Chem. Ind. (London), 1404 (1967).
(12) M. P. Cava and J. P. van Meter, J. Org. Chem., 34, 538 (1969).

(13) M. J. Haddadin, A. Yavrouian, and C. Issidorides, Tetrahedron Lett.,
1409 (1970).

(14) All temperature readings are uneorrected. Elemental analyses were
performed by Galbraith Laboratories, Knoxville. Tenn. Nuclear magnetic
resonance spectra were recorded on a Varian HA-60 spectrometer using tetra-

methylsilane as an internal standard (r 10) and solvents as specified. Infra-

red spectra were recorded on a Perkin-Elmer Model 127 and Beckman IR-8
spectrophotometer.

(15) G. B. Brown, B. R.
Chem., 12, 155 (1947).

Baker, S. Bernstein, and S. R. Safir, J. Org.

MacDowell, Jeffries, and Meyers

analytical sample was obtained by recrystallization from ethanol:
mp 151-155°; nmr (CDC13 r 1.7-2.5 (m, 4, aromatic), 5.4 (s,
2, NCH2), 5.5 (s, 2, CCH2.

Anal. calcd for CnHgCINS: C, 59.59; H, 3.61; N, 6.33;
S, 14.47. Found: C, 59.79; H, 3.55; N, 6.17; S, 14.65.

1,3-Dihydrothieno [3,4-6] quinoline (7).—9-Chloro-1,3-dihydro-
thieno[3,4-6]quinoline (6, 1.0 g, 4.5 mmol) was dissolved in 300
ml of warm ethanol containing 2.8 g of potassium hydroxide.
To this solution was added 0.50 g of 5% palladium on carbon,
and the mixture was hydrogenated under a pressure of 40 Ib/in.2
for 1.5 hr, hydrogen uptake Ca. 0.5 Ib/in.2 The filtrates from
five such 1-g experiments were evaporated nearly to dryness and
then dissolved in ethyl acetate. The solution was washed with
water and brine and dried (MgSO,). Evaporation left 3.11 g
(73%) of yellow solid, mp 105.5-107.5°. In this manner 35 g
of 6 was converted to 7 in yields ranging from 73 to 87% after
recrystallization (63%, mp 106-108°). An analytical sample
was prepared by recrystallization from hexane followed by sub-
limation: mp 110-111°; nmr (CDC13) r 1.9-2.7 (m, 4, aro-
matic), 5.65 (s, 2, NCH2S), 5.75 (s, 2, CCH2S).

Anal. calcd for CnHINS: C, 70.55; H, 4.85; N, 7.48;
S, 17.12. Found: C, 70.59; H, 4.88; N, 7.49; S, 17.11.

1.3-
three-necked flask fitted with an addition funnel, a low tempera-
ture thermometer, and a calcium chloride drying tube was added
1,3-dihydrothieno[3,4-6] quinoline (7, 4.0 g, 0.002 mol) in 250 ml
of methylene chloride. This solution was cooled in a Dry Ice-
acetone bath and was maintained between —25 and —30° during
the addition of m-chloroperbenzoic acid (4.40 g, 83.4% purity,
0.002 mol) dissolved in 400 ml of methylene chloride. The addi-
tion required about 10 min. The temperature was maintained
for an additional 5 min before Ca. 20 ml of liquid ammonia was
added to the solution. The cooling bath was removed and the
turbid solution was allowed to warm to room temperature, fil-
tered through Super-Cel, and dried (MgSO,).

Removal of the solvent left 2.90 g (66 %) of solid, mp 127-129°.
Recrystallization from benzene afforded an analytical sample:
mp 133-134°; ir (KBr) 1045 cm-1 (SO); nmr (CDC13) r 1.8-2.7
(m, 5, CoHeN), 5.61 (s, 2, NCH:2S), 5.68 (s, 2, CCH2S).

Anal. calcd for CnHINOS: C, 65.00; H, 4.46; N, 6.89;
S, 15.77. Found: C, 64.83; H, 4.55; N, 6.84; S, 15.64.
1.3- Dihydronaphtho[2,3-c]thiophene 2-Oxide (10).— 1,3-Di-

hydronaphtho[2,3-c] thiophenes (9, 10.0 g, 5.38 X 10-3 mol) was
dissolved in 900 ml of acetone. This solution was slowly diluted
with 150 ml of water. To this yellow solution was added re-
crystallized V-bromosuccinimide (9.70 g, 5.45 X 10-2 mol)
contained in 400 ml of 1:1 acetoneand waterover a 12-min period.
The solution became colorless during addition but became yellow
momentarily near the end of the addition pericd. The solution
was allowed to stir 0.5 hr at room temperature and then the
acetone was removed under reduced pressure. The white sus-
pension was filtered and dried overnight under vacuum to leave
9.5 g (89%) of a gray solid. Recrystallization from methanol
(Norite) left 7.6 g (69%) of a white solid, mp 199-201°. An
analytical sample was obtained by recrystallization from meth-
anol: mp 200.5-201°; nmr (CDC13 r 2.0-2.65 (m, 6 H, aro-
matic), 5.75 (s, 4 H, CH2.

Anal. caled for CreHWOS: C, 71.25;
Found: C, 71.09; H, 5.11; S, 16.08.

cxo-jY-Phenylmaleimide Adduct of Thieno[3,4-6]quinoline.—A
mixture of 1.00 g (4.93 X 10«3 mol) of sulfoxide 8 and 0.855 g
(4.94 X 10-3 mol) of iV-phenylmaleimide were dissolved in 35 ml
of freshly distilled acetic anhydride. The solution was protected
under an atmosphere of dry nitrogen and refluxed for 20 min.
The dark reaction mixture was poured into an ice-water mixture
and extracted with chloroform. The chlorofcrm solution was
washed three times with water and twice with brine and dried
(Na2SO<). Evaporation left 1.92 g of solid.

A portion of this solid (1.52 g) was partially dissolved in boiling
benzene and placed on a column containing 140 g of neutral
alumina. Elution with 1800 ml of benzene followed by elution
with 5% ether:95% benzene caused the separation of a red band
from the column. Evaporation of the appropriate benzene-ether
fraction left 1.10 g of a brick red solid. Recrystallization from
acetonitrile gave 0.30 g of a pink solid (17%), mp 268-269°.
Further recrystallization produced an analytical sample: mp
278.5-279°; ir (KBr) 1775, 1700, 785 (m), 750 (s), 745 (sh), 685
cm-1 (m); nmr (CDC13) t 1.9-2.8 (m, 10), 4.90 (s, 2, bridgehead),
6.30-6.45 (g, 2, ¢hdo H, J = 7 Hz); mass spectrum (70 eV;
source 125°, probe, 225°) m/e (rel intensity) 330 (4), 359 (13),

11, 498; S, 15.85.

Dihydrothieno [3,4-6] quinoline 2-Oxide (8).—To a 1-1,,



Aromatization of Some Cyclopropane Adducts

358 (82), 211 (3), 187 (7), 186 (16), 185 (100), 179 (11), 118 (4),
167 (4), 140 (3).

Anal. calced for C;,H,02N2S: C, 70.37; H, 3.94; N, 7.82;
S, 8.95. Found: C, 70.62; H, 3.82; N, 7.89; S, 8.72.

A'-Phenylmaleimide Adducts of Naphtho[2,3-c]thiophene.—
Into a 250-ml flask was added 1,3-dihydronaphtho[2,3-c]thio-
phene 2-oxide (10, 1.0 g, 4.95 mmol), A'-phenylmaleimide (0.86 g,
4.96 mmol), and 20 ml of acetic anhydride under dry nitrogen.
The mixture was refluxed for 20 min. The yellow solution was
cooled slightly and the excess acetic anhydride removed under
reduced pressure to leave 1.80 g (101:%) of a yellow crystalline
solid. The separation of the isomeric adducts is detailed as
follows.

Exo Adduct.—The yellow solid was recrystallized from aceto-
nitrile to give 0.60 g (34%) of white solid. An analytical sample
was obtained by recrystallization from chloroform-hexane: mp
281.5-282.5°; ir (KBr) 1765, 1700 (broad, imido C=0), 790 (m),
745 (s), 740 (sh), 690 cm* 12(m); nmr (DMSO-d6) r 2.2-3.05 (m,
11, aromatic), 4.89 (s, 2, bridgehead), 6.50 (s, 2, endo H); mass
spectrum (70 eV; source 250°, probe 150°) m/e (rel intensity)
357 (9.7), 325 (3.1), 186 (5.9), 185 (13.8), 184 (100), 178 (10).

Anal. calcd for C2zHisN02S: C, 73.92; H, 4.23; N, 3.92;
S, 8.97. Found: C, 73.89; H, 4.06; N, 3.73; S, 9.10.

Endo Adduct.—This isomer was separated by preparative thin
layer chromatography on a 20 X 20 cm 1000-m silica gel PFoss
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plates which had been activated 3 hr at 120°. Samples of 100
mg each, obtained in ether, were spread on the plates. Each
plate was developed twice in 95% benzene-5% ethyl acetate in a
presaturated chamber. Each plate was allowed to dry thoroughly
between developments. The slower moving band from seven
plates was scraped off and extracted with chloroform to yield 0.318
g of white solid. An analytical sample was obtained by re-
crystallization from ethanol: mp 214.5-215.5°%; ir (KBr) 1775,
1700 (broad, imido C=0), 745 (s), 715 (s), 680 cm-1 (m); nmr
(CDCb) r 2.2-2.85, 2.9-3.3 (m, 9, aromatic), 3.8-4.15 (m, 2,
H-1 and -4 on the naphthalene ring), 4.9 (m, 2, bridgehead),
5.8-6.0 (m, 2, exo hydrogens); mass spectrum (70 eV; source
275°, probe 110°) m/e 357 (9.3), 325 (2), 186 (6.4), 185 (13.7),
184 (100), 178 (6.4).
Anal. Found: C, 73.96; H, 4.23; N, 3.99; S, 9.05.

Registry No,*4  28237-98-1- 5, 28237 99-2: 6
28238-00-8; 7.28238-01-0: 878312-62-1 10,28238-
02-0; 11,28238-03-1; 12, 28238 04-2; 13,28238-04-2.
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1,3-Diphenylisobenzofuran (4) reacts with cyclopropene, 1-methylcyclopropene, and 1,2,3-triphenylcyclo-

propene to give the Diels-Alder adducts 5, 16, and 17, all of which are the exo isomers.

Attempted dehydration

of 5 to 2,7-diphenylnaphtho[e]cyclopropene (3) could not be effected, although a variety of transformation
products of 5 was isolated and identified. Several acid-catalyzed transformations of 16 and 17 were also studied.
All evidence points to the nonintermediacy of 3 in the acid-catalyzed reactions of 5.

BenzocycIoHropene & ) is the most high synstrarned

member of t ? benzo cIoaIken serre (?
the s?/nrghesrso the ver reactrve trsoal and of
a number of Its substitution p ctsZB een re-
orted. No examgle of any otner condensed cyclopro-
ane aroma iC SYS mexrssrn e literature.
fl t ts'in the literature.3

nf]or de?crre In this é)a er hﬁda Its {narn goal
tean esis of a derl atrve f ht 06% ropene

system In which the centa ring migh ex-

ecte osowahrgh degree of hond frxatro [-Di-
B enylnaphth o gcvclopropene 3) Was chosen asacon
enjent s nth g bectrve Si Feared to he

readrI accessr bhegr %T'SOLelaﬁlﬁFj:‘a%‘% ?r\ of cycLo

(ri:r) ecatrrfozed da ydr e resul mg uct 4
g fryco Mitene derlvaive b

ecorrespon rn% naﬁ
has indeed been Synthesized from cyclobutene by an

exactly analogous route.&

(1) Author to whom correspondence should be directed

(2) (a) E. Vogel, W. Grimme, and S. Korte, Tetrahedron Lett.,, 3625
(1965). (b) R. Anet and F.A. L. Anet, J. Amer. Chem. Soc., 86, 525 (1964);
G. L. Closs, Advan. Alicycl. Chem., 1, 64 (1966); G. L. Closs, L. R. Kaplan,
and V. 1. Bendall, J. Amer. Chem. Soc., 89, 3376 (1967); E. Vogel, S. Korte,
W . Grimme, and H. Giunther, Angew. Chem., Int. Ed. Engl., 7, 289 (1968).

(3) A compound originally believed to be a keto tautomer of a naphtho-
[5]cyclopropenediol was subsequently shown a three-mem -
bered ring: L. F. Fieser and M. A. Peters, J. Amer. Chem. Soc., 53, 4080
(1931); A. R. Bader and M. G. Ettlinger, ibid., 75, 730 (1953).

(4) C. D. Nenitzescu, M. Avram, |I. G. Dinulescu, and G. Mateescu,
Justus Liebigs Ann. Chem., 653, 79 (1962).

not to contain

Results and Discussion

Cyclopropene was found to add to 1 3-diphenyliso-
henzofuran ﬂ4)t 8“/6 a single cr shallrne adduc 'ﬂ
05-06°. This adduct was ars%roS nmre structure oft e

exq. isomer 5 % as|s 0 ectrum, which
Indicated consrdera le deshielding of one of the two
cyclopropane methylene protons {5 ~1.75 and ~1
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i naph(h ene%? n othjerproé

rpheny -2-chloro et
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Onthe otherhérnd tnever Fformed an om
tion of 7 could. proceed”by way of direct nucleo
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P ?%n atten¥P ﬁ geh drate ? under mjlder conditions,
it was heated In chloroform solution in the presence of a
fatron exchange resin (Dowe X-2), W Ich was
ater_found to”contain Some chloride jon. %mr or
reaction product (16%) was again chloride 7, but the

(5) M. P.Cavaand F. M. Scheel, J.Org. Chem., 32, 1304 (1967).

(6) Other investigators have mentioned in the footnote of a recent paper
that they have synthesized adduct 5: M . A. Battiste and C. T. Sprouse,
Jr., Tetrahedron Lett.,, 3165 (1969).
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magor reaction Eroduct (70%2 was a compound which
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Cava and Narasimhan

Crafts alkylation process. In accord with this scheme,
the known alcohal 12 Was found to rinve hydrocarbon
100n reaction with phs orusp ntox ?e in Denzene.
In an attem tto de rate5t erma Iyun erpeutral
condrtrogs, th e T \r as heated for_a short time to
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(7) T. Durst, Advan. Org. Chem., 6, 354 (1965).
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thaIene by loss of formaldehg
the a53|g ed exo configuration of s
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){ ro en chIorlde reacted with 16 in a mainner
strtc )( alogous to Its reaction with the unmetnylated
adduc us, hydrogen chloride in benzené gave
the naphthylmeth Ichlorlde 18; using Dowex 50 résin,
t e mtermedtaft ch orohrdrln 19 could be_isolated.
A gt oA
5
téh(tene (20) an(s an untdenttfted compound ofymo?pwt
406 w(ere |so ated
dduct 17 underwent th% expec ed fragementatton
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d P. Dowd, J. Amer. Chem. Soc., 85, 2729 (1963).
(9) The tendency of cyclopropenes to give exo adducts with 4 was pointed

(8) R. Breslow an

which some adducts of 4 with various
R. Breslow, G. Ryan, and J. T.

out during our study in a paper in
chlorinated cyclopropenes were
Groves, ibid., 92, 988 (1970).

(10) For avery recent report of the formation of an exo adduct from 4 and

reported:

1,2-diphenylcyclopropene, see D. T. Longone and D. M. Stehouwer, Tetra-
hedron Lett., 1017 (1970).
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was also isolated in quantttattve yield as its 2 4-dinitro-
phenylhydrazone (Scheme I1).

CH,
o'wex 50,
[

(i 4.08)

cth.

| BF,
lorHCI

Conclusion

We conclude from the experiments described that the
napht.no i jcyclopropene derivative 3 1S not formed,
even as an intermediate, In any of the aromatlzattﬂ
reacttons of adduct s which we have studied @ T

?fctlon of s with acidjc reagents follows a course quite

rent from that fhhe orrespondtng ‘f étct of 4
W|t cyclobutene, which affords the normal dehydra-
tion product 6.

(11) After uhe completion of the manuscript of our paper, the followin

communication appeared [K. Geibel and J. Heindl, ibid., 2133 (1970)] in
which the reaction of cyclopropene with furan 4 was reported to give a 5.8:1
mixture of isomeric adducts, for which no physical data were given The
major adduct was converted by hydrochloric acid into compound 7 as in our
study. The minor adduct was apparently obtained only in
suffered ring cleavage (unlike the major

impure form and
adduct) simply on being passed
through neutral alumina. Since our Diels-Alder products from cyclopropene
and methylcyclopropene were purified by initial neutral alumina chromatog-
raphy, itis apparentwhy we did not detect minor adducts from our reactions.
Geibel and Heindl have assigned the endo configuration to their major
stable adduct (our 5) and the exo configuration to their minor unstable
adduct. We believe that these assignments, for which no justification was
given, must be reverse d for reasons given in our discussion and in ref 9.
(Note particularly in
from 4 and chlorocyclopropene, which was too unstable to survive isolation

ref 9 the detection by nmr of a minor endo adduct,

by silica chromatography.)
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Experimental Section

Melting points were taken with a Thomas-Hoover apparatus
and are uncorrected. Nmr spectra were obtained in aeuterio-
chloroform with a Yarian A-60 nmr spectrometer. Infrared
spectra were taken with a Perkin-Elmer Model 137 infrared
spectrophotometer. Elemental analyses were carried out by
Midwest Microlab, Inc., Indianapolis, Ind. Molecular weights
of all new compounds were confirmed by mass spectrometry using
a Perkin-Elmer Model 270 instrument.

Isolation in the usual manner refers to extraction with ether
or the organic solvent mentioned, washing the organic extract
with water, followed by drying over magnesium sulfate, and
evaporation of solvent under reduced pressure. Preparative tic
was carried out using silica gel (EM Reagent GF-254) coated on
20 X 20 cm glass plates (1-mm thickness) with hexane as the
developer unless otherwise stated. The zones were detected by
ultraviolet light, collected, and extracted with chloroform con-
taining 3% MeOH.

The identity of known compounds was established by a com-
parison of ir spectra and by mixture melting point determinations
with authentic samples obtained according to literature references
given.

Reaction of 1,3-Diphenylisobenzofuran (4) with Cyclopropene.
Adduct 5.—A stream of cyclopropene in nitrogen, generated from
sodium amide (12 g, 0.3 mol) and allyl chloride (25 g, 0.3 mol),12
was passed through a trap cooled in Dry Ice and then led into
a solution of 1,3-diphenylisobenzofuran (4.05 g, 0.015 mol) in
250 ml of benzene at 20°. After the fluorescence had disappeared
(2 hr), the benzene solution was worked up in the usual manner
and the residue was chromatographed over neutral alumina using
benzene as the eluent. The resulting oil (3.1 g), which was
homogeneous by tic, crystallized from hexane (50 ml) to give
adduct 5 as colorless plates (1.95 g), mp 93-94°. In another run
5 was obtained from the same solvent as prisms, mp 66-67°.
The two products are dimorphous as shown by comparison of
nmr and ir spectra: nmr s 1.1 (m, 1 H), 1.7-18 (m, 3 H),
7.0 (t, 4 H), 7.3-7.4 (m, 6 H), and 7.7 (m, 4 H).

Anal. cCalcd for CsH®BO: C, 89.00; H, 5.85.
89.27; H, 5.99.

Reaction of 5 with Hydrogen Chloride in Benzene.—Adduct 5
(50 mg) was dissolved in 10 ml of dry benzene, and the solution
was saturated with dry hydrogen chloride and then stirred at
room temperature for 10 hr. The benzene solution was -worked up
in the usual manner to give a residue (45 mg) which crystallized
from hexane to give chloride 7 (33 mg, 62%), mp 115-117° (lit.18
123°). Tic examination of the mother liquor revealed the absence
of any other product.

Reaction of 5 with Phosphorus Pentoxide in Benzene. 1,4-
Diphenyl-2-benzylnaphthalene (10).—Adduct 5 (50 mg) was
dissolved in 10 ml of dry benzene, 100 mg of P20 5 was added, and
the reaction mixture was stirred at room temperature for 10 hr.
The dark brown reaction mixture was then decomposed with ice
and the product was isolated in the usual manner after prepara-
tive tic as colorless crystals (31 mg, 52%) of 10: mp 125-126°;
nmr 53.95 (s, 2H), 7.1 (t, 4 11), 7.2 (s, 1H), 7.4 (m, 13 H), and
7.8 (m, 1H).

Anal. cCalcd for CaH22:
93.71; H, 5.98.

Hydrocarbon 10 was prepared independently by stirring a
solution of |,4-diphenylnaphthalene-2-methanoliz (12, 200 mg)
in benzene (10 ml) with phosphorus pentoxide (500 mg) at room
temperature for 2.5 hr. Isolation in the usual manner (ether)
followed by preparative tic (hexane-benzene, 5:1) afforded 10
(0.110 g) as feathery needles, mp 126-127°, after crystallization
from hexane.

Reaction of 5 with Cation Exchange Resin.—Adduct 5 (500
mg) was dissolved in 20 ml of chloroform, Dowex 50W X-2
cation exchange resin (1 g) was added, and the mixture was
stirred at room temperature for 4 hr. The solution was filtered
and the filtrate was evaporated. The residue was resolved by
preparative tic into 70 mg of 7 (14.7%) and 406 mg (70%) of 9.
Compound 9 was purified by recrystallization from benzene-
hexane (1:1) to give colorless plates: mp 125-127° (320 mg);
nmr s 2.35 (s, 1 H), 345 (m, 2 H), 3.65 (d, » = 2.5 Hz, 1 H),
6.15 (d, s = 25 Hz, 1 H), 6.92 (m, 1H), 7.1 (g, 4 H), and 7.3
(m, 10 H).

Found: C,

C, 94.01; H, 5.99. Found: C,

(12) G. L. Closs and K. D. Krantz, J. Org. Chem., 31, 638 (1966).
(13) J. Robert, C. R. Acad. Sci., Ser. C, 223, 906 (1946).

Cava and Narasimhan

Only erratic carbon analyses for this compound were obtained,
although it analyzed well for chlorine and its molecular weight
was confirmed by mass spectrometry.

Anal. cCaled for C23HIC10: Cl, 10.22. Found: Cl, 10.48.

Reaction of 9 with Hydrogen Chloride in Benzene.—Compound
9 (30 mg) was dissolved in 10 ml of dry benzene, and the solution
was saturated with dry hydrogen chloride and then stirred at
room temperature for 10 min. Isolation in the usual manner
gave chloride 7 (12 mg, 47%). Tic examination of the mother
liquor showed the absence of any other product.

Reaction of 5 with Dimethyl Sulfoxide.—Adduct 5 (50 mg) was
dissolved in 3 ml of dimethyl sulfoxide and the solution was
maintained at mild reflux for 15 min. After dilution with water,
the product was isolated in the usual manner followed by silica
gel chromatography (benzene eluent). Crystallization from
hexane gave 23 mg (42%) of |,4-diphenyl-2-naphthaldehyde (13)
as colorless crystals, mp 146-148 (lit.14smp 145-147°).

Reaction of 5 with Boron Trifluoride Etherate.—Adduct 5 (50
mg) was dissolved in 10 ml of dry ether, a few drops of freshly
distilled BF3 etherate were added, and the colorless solution was
stirred at room temperature for 12 hr. The usual isolation, fol-
lowed by careful separation by preparative tic, gave the following
products: (a) 1,4-diphenylnaphthalene (14) (11 mg), colorless
needles (hexane), mp 135-136° (lit.14mp 135-137°); (b) unidenti-
fied compound of mol wt 392, prisms (20 mg) from hexane.

Reaction of Furan 4 with 1-Methylcyclopropene. Adduct 16.—
1-Methylcyclopropene, generated by the reaction of methallyl
chloride (12 g) and sodium amide (5 g),i6*was led into a solution
of furan 4 (1.0 g) in 30 ml of benzene. After the fluorescence hac
disappeared (5 hr), the solvent was removed and the residue was
purified by chromatography over neutral alumina. A viscous oil
(homogeneous by tic) was obtained which could not be crystal-
lized. However, the compound could be purified by distillation
[bath temperature 160-180° (¢ mm)]. A pale yellow liquid
(602 mg) was obtained: nmrs 1.0 (d,/ = 7 Hz, 1H), 1.12 (s.
3H), 14 (dd,J = 7Hz,J = 25Hz), 21 (t,J = 25 Hz).
7.0-7.3 (m, 10 H), and 7.5-7.8 (m, 4 H).

Anal. cCalcd for CaH20: C, 88.85; H, 6.21.
89.13; H, 6.27.

Reaction of Adduct 16 with Hydrogen Chloride in Benzene.—
Adduct 16 (200 mg) was dissolved in 30 ml of dry benzene. The
solution was saturated with hydrogen chloride and stirring was
continued at room temperature for 0.5 hr. Isolation in the usual
manner gave 162 mg (77%) of crystalline product which was
recrystallized from hexane: mp 164-165°; 129 mg; nmr i
2.35 ﬁs, 3 H), 458 (s, 2H), 7.2-7.6 (m, 14 H).

Anal. caled for CasH19C1: C, 84.10; H, 5.58; CI, 10.34.
Found: C, 83.85; H, 5.58; CI, 10.27.

Reaction of Adduct 16 with Cation Exchange Resin.—Adduct
16 (95 mg) was dissolved in 20 ml of dry chloroform, Dowex
50W X-2 cation exchange resin (1 g) was added, and the mixture
was refluxed with stirring for 5 hr. The solution was filtered anc
the filtrate was evaporated. The residue was separated by pre-
parative tic into 11 mg of chloride 18 (4.7%) and 32 mg of chloro-
hydrin 19 (14.4%). Recrystallization of compound 19 from
hexane gave colorless prisms, mp 150-152°. Its nmr spectrum-
showed, in addition to aromatic protons (14 H) centered around
5 2.8 and a methyl (3 H, s) at 1.62, the following pattern due to
the nonequivalent protons (HAand Hb) of the chloromethyl group
and a single proton (He) of the adjacent carbon: 54.12 (Ha, q),
3.66 (Hb, q), 3.10 (He, q), 3as = 10Hz, JA0 = 6 Hzand Jve =
7.5 Hz. Since attempted recrystallization of 19 resulted in
decomposition, a satisfactory sample could not be prepared for
analysis, although mass spectrometry confirmed its molecular
weight.

Reaction of Adduct 16 with Boron Trifluoride Etherate.—
Adduct 16 (100 mg) was dissolved in 10 ml of dry ether, a few
drops of BF3 etherate were added, and the solution was stirred
at room temperature overnight. Tic separation led to the isola-
tion of the following products: (a) 1,4-diphenyl-2-methyl-
naphthalene (20, 25 mg), colorless needles (hexane), mp 128-
129° (1it.16129°); (b) unidentified compound of mol wt 406 (14
mg).

Reaction of Furan 4 with 1,2,3-Triphenylcyclopropene. Ad-
duct 17.—A solution of 1,2,3-triphenylcyclopropenes (1.00 g)

Found: C,

(14) A. Weiss, Monatsh. Chem., 61, 167 (1932).

(15) F. Fischerand D. E. Applequist, J. Org. Chem., 30, 2089 (1965).

(16) A. Etienne, A. Spire, and E. Toromanoff, Bull Soc. Chim. Fr., 750
(1952).
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and furan 4 (1.00 g) in benzene (10 ml) was refluxed for 5 hr.
Crystallization from benzene-hexane yielded adduct 17 (1.50 g
78%): mp 222-224° dec nmr 6 4.1 (s, 1H , 6.1-7.1 (m,
H%, and 7.15-7.4 (m, 16 H

Anal. Caled for C4H c, 9141; H, 561, Found: c,
91.67; H, 5.90.

Reaction of Adduct 17 with Acetic Acid and Hydrochloric Acid.
—Adduct 17 (100 mg) was dissolved in 2 ml of glacial acetic acid,
two drops of concentrated hydrochloric acid were added, and the
solution was heated under reflux for 3 hr. The solvent was
removed IN Vacu0 and the residue, which had a strong odor of
benzaldehyde, was diluted with water. Isolation in the usual
manner (ether) and separation by preparative tic gave 1,2,3,4-
tetraphenylnaphthalene (21), 64 mg (80%), mp 198-200°,
identical with an authentic sample.

J. Org. Chem., Voi. 36, No. 10, 1971 1423

In another run, before extraction with ether, the reaction mix-
ture was treated with 40 mg of 2,4-dinitrophenylhydrazine in
ethanol solution. After stirring for 10 min, the precipitated hy-
drazone was filtered and washed with hexane to give 52 mg of
2,4-dinitrophenylhydrazone, mp 220-250°. Recrystallization
from ethanol gave the pure derivative, mp 237-238°,
with an authentic sample.

Registry No.—b, 28273-58-7. 9 28273-50-
28273-60-1: 16, 28273 66-7; 17 28312 69-8; 18,
61-2; 19,28273-6
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This paper describes the synthesis of areb-tricyclo[5.2.0.02'slnonan-6-one (6), Syn- and a?iil-tricyclo[5.2.0.026-
non-3-en-6-one (4 and 5), and a»ii-tricyclo[5.2.0.02%]nona-3,8-dien-6-one (21), as well as some methylated de-

rivatives of these tricyclic ketones.

Irradiation of dienone 21 leads efficiently to homocubanone (2) Via the syn

dienone 1. Some transformations of the above tricyclic ketones, especially the /3y-unsaturated ketones, are

discussed.

h obvious relatignship of syn-tricyclo[5.2,0.025}-
ona-3,8-dien-6-one (()1 and ho?hocub nonL ) 2Iles]d

0 0
1 2

us to explore srt]/nthettc approaches to L In this paper
we reonorts yntheses of several members of the tricyclo-
Zqnonane family as weII a5 some of the trans-
orm tlons of rFhese com ounds.3 In particular, the
etat s of an efficient sy nt esis of homocubanone ‘from
cyc f(entenone 14% overaII eld) are presented.
jation of bicyclo[3.2.0 h ept-3-en-2-ong 34W|th
2 ch orogth ylene foIIowed by kﬁtahzaitton of the gg/g
adducts eaogcenatton and glro SIS va'
mixture’ of trth AC ketones 4. and 5, ratjo 2:98, i
75A) overall Y The major |s?mer IS asshgne
t e antl con uratton ) smce cycloadditjon shou
cur re omlnant from 1the ess hindered face of 3.
ssignment was confirmed by the identity of

(1) Grateful acknowledgment is made to the Donors of the Petroleum Re-
search Fund, administered by the American
this researc h.

Chemical Society, for support of

(2) A preliminary report of a portion of this work has appeared: R. L.
Cargill and T. Y. King, Tetrahedron Lett., 409 (1970).

(3) The tricyclo[5.2.0.02,5]nonane system has previously been described by
L.I.Smith, C. L. Agre, R. M. Leekley, and W. W . Prichard, J. Amer. Chem.
Soc., 61, 7 (1939); R. Criegee, J. Dekker, and H. A. Brune, Chem. Ber., 96,
2368 (1963).

(4) R.L.Cargill, B. M. Gimarc, D. M. Pond, T. Y. King, A. B. Sears, and
M. R. Willcott, J. Amer. Chem. Soc., 92, 3809 (1970).

(5) Spectroscopic data for all new compounds are presented

mental Section.

in the Experi-

the hydrogenation product of the m Jor enone and
an aytheptic sample of anfe'-tric cIoL 0.02 ]nonan6
one% ontained as outlined laterin tnis pape

Photoc cloaddltlon of ketone. 3 and 2-butyne in
methé/ ene(ch oride 7produced a mlxturg of f?]ur ISomeric
tricyclic etones ey primar

daucts 7 and undenfo sub searu nt photlsomertzatto
via the well-known allylic shift of tiarbon to the
|somer|c ketones 8 and 10 respectlve?/ Separate Ir-
radiation of pure 7 and of pure 8§ gave the ?ame Bhoto-

stattonar state mixture containing 73% of 7 angl 27%
ett: o% materttjaf precﬁudedgsmtfar expenment%
W|th9and 10.
1 V" v N A
[\ v

In c(?ntrast to_the photglsomenzattons of the sub-
stituted enones 7-10, ‘Irradiation of the unsubstituted
antr enone 5 in methylene chloride yielded the saturated

(6) G.BUchiand E. M. Burgess, J. Amer. Chem. Soc., 82, 4333 (1960).
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ketone. 6 and tetrachloroethane. No evr?ence for
Isomerization of 5 to, the fsyn isomer 4 could be ob-
tained. Photoreduction of the olefinic bond in ,.y-
unsaturated ketones Is not uncommon when mixin
of carbonyl and olefinic orbitals Is reIatrveI meﬁrcren
arex <150.78 Here 1t a%)ears that in Frpo ecug
triplet energy transfer from carbonyl to olefin yields
the ﬁlefrn riplet, the presumed réactive species In
theP otore uctron9 TheBnchrrearrangeme t(7<=t8),
e other Ppears to be a singlet reaction
srnce sensitize |rrad|a lons of /3,7- unsaturgted ketones
resylt In oxadi-/r-methane reactions, D) an quenc ing
of the rearrangement has been |mPossrbIe iy
Irradratron of the saturate cg/clrc ketone 6 |n
methanol yielded the acetal 12, Presumab g eaceta
arises from the aldenyde 11 in a non toch emrca
step,  Sufficlent acidic'material to catal ze aceta or
matjon could he generated from photolysis of met -
an? Iabse ce of any ester |n the photol Sysate
reflects the re atrv? energy ontents of transition states
13 and. 14 which lead t0"aldehyde 11 and ketene 15,
respectively.

(7) (a) R. L. Cargill, J. R. Dametvood, an
Soc., 88, 1330 (1966); (b) P. S. Engel and H. Ziffer
(1969).

d M. M. Cooper, J. Amer. Chem.
, Tetrahedron Lett., 5181

(8) D. E. Bays, R. C. Cookson, and S. MacKenzie, J. Chem. Soc. B, 215
(1967), and references cited therein.

(9) Hydrogen a n by the triplets of cyclopentene and norbornene
has been noted P. J. Kropp, J. Amer. Chem. Soc., 91, 5783 (1969), and
references cited therein.

(10) G. Dauben, . S. ello
92, 1786 (1970), and references cited therein.

(11) (a) E. Baggiolini, . Schaffner, an eger, Chem. Commun., 1103
(1969); (b) E. Baggiolini, ow, and K. Schaffner, J. Amer. Chem.
Soc., 92, 4906 (1970).

bstractio

an, and W. A. Spitzer, ibid.,

(12) Schuster has reported that the Biichi rearran
yield of 0.04 at 313 nm in benzene and that the reaction can be sensitized
with compounds having Et > 65 kcal/mol, but compounds having Et < 62
kcal/mol quench the rearrangement. He concludes, however, that at least
75% of the reaction occurs in the singlet state with the remainder occurring
in a quenchable triplet state: D. I. Schuster and D. H. Sussman, Tetra-
hedron Lett.,, 1661 (1970); see also J. Ipaktschi, ibid., 3179 (1970).

(13) P. ~ates, Pure Appl. Chem., 16, 93 (1968). In other ex
addition of solid potassium carbonate to the irradiation mixture prevented
acetal formation.

gement has a quantum

periments

Cargill, King, Sears, and Willcott

Similar irradiation of brcycloéS 2, O]hehtan -2-0ne &16)
in methanol yielded only”al fa the
responding acetal 18.4*The absence of ester (from
ketene) in"this case is more drffrcult to rationalize.

We turn now to the trrcycl 0[5.2. 0 5]non Sdren
6ones ttemgtst ind uc c drér n of dichloro-
ene and |cg/ 0 32 t 3,0-0len-2-0n e were
unsuccessu hérefore, 4 bicyclo]3.2.0]hept-3
one having apotentral doubleb nd in the'c yclobt e
rrngnwas cear necessar}/ drchl 0r0 ketone .19, for
ﬁ 8 Attempts to produce h]y = bromination-
robromination. of 20 or |ts etriylene ketal gave

onI recovered starting materjal or products of double
deh{rdrohalogenatron gDe Ydro?engtron o? 20 with
selenium dioxide. In feri-butyl alcohol,Z on the other
nepg (r]oael ecllc?agd?%r?nyloefldketone 19 and 1 2-dichloro-
ethylene )réollowed by ketaIrzatron of the adducts, de

chlorination, and removal of the ketal functron gave
the ant ﬁrenone 2L1In 4%/0 nhreld from 19 Bfrrma
|0n o the antl stereoc |stry |n was 0 tained
r¥ e uctron to th ecorremn mgaco ol 2. 1In Pass
| rom ketone 21 to_alCo the czS mmet

21 IS destroyed, rnderrn the osets vrny ons
In 22 non urva ent, z % een
obtained, reduction cou ave given either or b

of two alcohols, 23 and 24, both” of which retain the
plane of s mmetry resent.in ketone 1 The nmr
spectrum of tﬁ %hol 22 exhibits two two- grot n AB

guartetsSesta |ng the antl steregchemistry in etone
. Catalytic h rogenatron of 21 provrde the pre-
viously described safUrated ketone § eref re, te

stereoChemistry of 6 and enone 5 are frrmlty established

(14) T. s. Cantrell an , J. Amer. Chem. Soc., 92, 4656
(1970).

(15) M. Heller and S. Bernstein

d J. S. Soloman

, J. Org. Chem., 26, 3876 (1961).
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toc;trcloaddrtron of Hetone %9WIth 2-h etm? fol-

esequence outlined above Erovr etone
25 lH yield. AIth%ti gh two ketal \n]erg obtarnedf
In this serres presumably 26 an g/ rol srs 0
pe eta< mixture gave a srragl et ne 2 hether

the syn ketone 28 was formed-and subsequently under-
went. acad catalyzed 1somerization to 256 was not as-

certaine

OWG(?

Irradratron of antr dienone 21 in methylene chIorrde
wrt blao II% 8ave ho ocubanone 68(f>
B Similar irra ratron o ?ave a srngle -
eth Ihomocu anone. J ormaron of homocu
ano es from the anir ienones most likely involves
|somer|zat|0n of the latter to the correspondin syn
|somers via_the Blichi rearrangement (See abqve),
Ioweq }/ photocycloaddition of the. twio foIefrnro bonds
An altefnative oute IS rsomerrzatron 0 startrng anti
|enoge to (?gc ononatftraenone which could™ con-
celvably undergo cyc ization to homocubanone.T
Isomerrzatron o 25 via the Iatter route could ﬁroduce
homocubanone 30, wh ereeﬁ cgc lization after
rso erization ?J 2H to one of t Isomers, 28
or 29, could yield either 30 or 3L,

a0 i e e Bl
ﬁg f gp that a(fl t?tos rf)grc cffazojﬁe t-6-n-2-
ones w rc quergo the Photornduced alnnlrc shift of
car ony to the_near exclusion of all etrn(rlbg
olefinic and ca

%ses ex [ |t efficient mrxrnglo
|tas In the _spectroscopically observed n,/r* srn et
|xrn Increase ‘
ouble

state emex >150. . Sinc or |taI
Increased substitution of electron onoson the

(16) Homocubanone was identified by comparison of ir and nmr spectra
of authentic material. We thank Professor W. G. Dauben for these spectra.
(17) We thank Professor J. A. Berson for calling this possibility to our

attention.
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bonr% Bwe exr%ect that Btnchr reatrran%emdent wrlll ogcur
mos e iciently when_the double bopd involve
most hig f fysu stituted.  [rradiation o?ZSshoulé
therefore roduce 28 rather than 29 as the ma;or
(or sole) syn 1somer.. It homqcubanone, formation pro
ceeds v " isomerization of anti to syn dienone followed
B CyC |zat|on In t e syn dienone, e expect homocu-

none 31 rather than

In order to establish whether grenone 25 |eldg
homog banone 30 or %1 the product was reduce
with lithium aluminum drrde {o an erftrmerrc mixture
of secondary alcohols 32 In a ratio of ca. 2:1, The

-MHz nfr_spectrum o the mixture exhibits two

goublets (reIatrve areas, « 21?5 or the carbinol
rogens, The presence of a single « proton in t e

n\ocu an Jae IS thgs established and’ str ctgre 30

Iminate ata arF consistent with, hut

not prove, the ormatron of 31 In the irradiation of
25, 'We conclude that hom foubanone formation 1s a
two- ghoton Process Involving first Biichj rearrangement

of the anti dienane to the syn isomer follow ofo-
cycloagrr]frtron of the éoub% bonds in tlf atte)rp ft
hna rrp)% closure probably results from excrtatron o
the carbonyl, Intersystem “crossing to then7r triplet

ener transfer to “the i System . of the diene, and
rrnggc osure In the extended Z triplet.

Experimental SectionB

Bicyclo[3.2.0]hept-3-en-2-one (3).—This ketone was prepared
in 47% yield from cyelopentenone by the previously described
procedure:19 bp 58-62° (4 Torr); uv max (95% OHsOH) 226
nm (e 12,600), 321 (70); ir (CC14) 1710 and 1575 cm"1 nmr
(Ccu) *757 (g, 1,J,p = 55 Hz, JPy = 3.0 Hz, OCCH=CH-
CH), 6.18 (d, 1, Jafr = 5,5 Hz, OCCH=CH), 3.33 (m, 1, C-5
bridgehead), and 1.62-3.00 (m, 5).

SYyN- and uni?-Tricyclo[5.2.0.025non-3-en-6-one (4 and 5).—
solution of 1.56 g (11.6 mmol) of bicyclo[3.2.0]hept-3-en-2-one
(3) and 30 ml of a mixture of Cis- and trans-i ,2-dichloroethylene
in 100 ml of purified methylene chloride was irradiated (Corex)
for 2 hr. Progress of the reaction was followed by glpc [3%
diethylene glycol succinate (DEGS), 8 ft X 0.125 in., 120°, 25
cc/min of He]. Removal of the methylene chloride and excess
diehloroethylene by distillation resulted in a brown oil. To the
crude mixture of cycloadducts were added 70 ml of ethylene
glycol, 120 ml of benzene, and 5 drops of concentrated sulfuric
acid. The solution was refluxed for 48 hr with removal of water.
A 5% solution of sodium bicarbonate (200 ml) was added and the
dichloro ketal isomers were extracted with three 200-ml portions
of ether. The extracts were combined and dried (CaCU).
Approximately 300 ml of the ether was removed by distillation
and to the remaining solution was added 300 ml of ammonia in a
1-1. three-necked flask. Sodium metal was added until the solu-
tion remained dark blue for 30 min. Ammonium chloride was
added to destroy the excess sodium. Water (300 ml) was added
after the ammonia had evaporated and the aqueous layer was
extracted with two 200-ml portions of ether. To the combined
extracts was added 100 ml of 3 M hydrochloric acid, and this
mixture was allowed to stir at room temperature for 12 hr.

(18) AIll boiling points and melting points are uncorrected. Micro-
analyses were performed by Bernhardt Miroanalytisches Laboratorium,
Elbach uber Engelskirken, Germany, or by Gailbraith Laboratories, Inc.,
Knoxville, Tenn. Infrared spectra were determined in carbon tetrachloride
unless otherwise stated, using a Perkin-EIlmer Model 337 or 257 grating spec-
trophotometer. All nmr spectra were determined in carbon tetrachloride
containing tetramethylsilane as an internal standard using a Varian A-60
nmr spectrometer. Analytical gas-liquid partition chromatograms were
determined using a Varian Aerograph Model 1200 chromatograph, and pre-
parative glpc separations were conducted using a Varian Aerograph 90-P-3
chromatograph. Irradiations were carried out using a Hanovia high-pres-
sure mercury arc (450 W), internal probe, type L, and the filter specified.
(19) R. L. Cargill, A. C. Miller, D. M. Pond, P. deMayo, M. F. Tchir,
K. R. Neuberger, and J. Saltiel, Mol. Photochem., 1, 301 (1969); see ref 4

also.
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Sodium bicarbonate (200 ml of 15% solution) was added to de-
stroy the acid, the resulting solution was washed with 200 ml of
water, and the aqueous layer was extracted with two 100-ml
portions of ether. The extracts were combined and dried
(CaCh) and the ether was removed by distillation. The remain-
ing brown residue was distilled, bp 39—1° (0.50 Torr), yielding
1.46 g (75.3% based on 3) of 4 and 5 as a colorless oil.  Analysis
by preparative glpc (20% DEGS, 5ft X 0.25in., 115°, 30 cc/min
of He) showed this oil to be a mixture of $yn- and araii-tricyclo-
[5.2.0.02%]non-3-en-one (4 and 5) in the ratio 2:98, respectively.

syn-Tricyclo[5.2.0.02¢]non-3-en-6-one  (4): uv max (95%
C2HsOH) 310 nm (e 102); ir (CCh) 3110 and 3035 (CH=CH),
and 1725 cm-1 (C=0); nmr (CCh) s 6.37 (AB q, 2, Jab =
25Hz,Aap = 10.0Hz, CH=CH; each peak of the upheld dou-
blet is split further into a doublet by Jbx =1.4 Hz) and 1.0-3.7

(m, 8).
Anal. caled for CoHID (134.11): C, 80.56; H, 7.51.
Found: C, 80.40; H, 7.55.

anif-Tricyclo[5.2.0.026lnon-3-en-6-one  (5): uv max (95%
C2HsOH) 310 nm (e 146); ir (CCh) 3110 and 3035 (CH=CH)
and 1725 cm-1 (C=0); nmr (CCh) s 6.13 (AB q, 2, Jab =
2.5Hz, Aab = 10.0 Hz, CH=CH; each peak of the upheld dou-
blet is split further into adoublet by Jbx = 1.4 Hz), 3.39 (d,br, 1,
bridgehead, spacing 2.5 Hz), 3.02 (d, 1, bridgehead, spacing 2.5
Hz), and 1.40-2.95 (m, 6); mass spectrum (70 eV) M /¢ molecular
ion 134.

Anal. calcd for CoH0O (134.11):
Found: C, 80.52; H, 7.57.

Irradiation of Bicyclo[3.2.0]hept-3-en-2-one (3) with 2-Butyne.
—A solution of 1.09 g (10.1 mmol) of 3 in 80 ml of methylene
chloride and 15 ml of 2-butyne was irradiated (Corex) for 1.5 hr.
Progress of the reaction was followed by glpc (3% Carbowax, 8
ft X 0.125 in., 128°, 25 cc/min of He). The solvent and excess
2-butyne were removed by distillation leaving a pale yellow
residue. Distillation, bp 39-60° (0.24 Torr), gave 1.07 g (65.6%)
of a colorless oil. Analysis by glpc (3% Carbowax, 8 ft X 0.125
in., 114°, 25 cc/min of He) showed the distillate to be a mixture
of four components (10, 8, 7, and 9) in a ratio of 1:10:7.5:1,
respectively. Pure samples of 10, 8, 7, and 9 were obtained by
preparative glpc (20% Carbowax, 8 ft X 0.25 in., 152°, 100
cc/min of He).

anff-3,4-Dimethyltricyclo[5.2.0.02'5]non-3-en-6-one (7): uv
max (95% C2HsOIl) 311 nm (e 349); ir (CCh) 1730 (CO) and
1700 cm-1 (C=C); nmr (CCh) 8 1.5-3.2 (m, 8) and 1.57 (s, 6,
CH3C=CCH?3); mass spectrum (70 eV) m/e molecular ion 162.

Anal. caled for C,HRO (162.22): C, 81.44; H, 8.70.

Found: C, 81.36; H, 8.72.
si/n-4,5-Dimethyltricyclo[5.2.0.02'snon-3-en-6-one (8): uv
max (95% C2HeOH) 319 nm (e 140); ir (CCh) 3030 (>C=CH),
1725 (C=0), and 1650 cm"1 (C=C); nmr (CCh) 8 6.02 (d, 1,
J = 2.0 Hz, >C=CH), 291 (m, 3, bridgehead), 2.12 (m, 4),
1.65 (s, br, 3, CH3C=CH), and 1.17 (s, 3, CH3C); mass spec-
trum (70 eV) M/€ molecular ion 162.

Anal. caled for C,HhO (162.22):

Found: C, 81.33; H, 8.60.

syn-3,4-Dimethyltricyclo[5.2.0.02'sjnon-3-en-6-one  (9): uv
max (95% C2HsOH) 310 nm (e 229); ir (CCh) 1720 (C=0) and
1675 cm-1 (C=C); nmr (CCh) 83.05 (m, 4, bridgehead protons),
2.08 (m, 4), and 1.70 (s, 6, CH3C=CCH3); mass spectrum (70
eV) m/e molecular ion 162.

Anal. calcd for C,H,0 (162.22):
Found: C, 81.56; H, 8.77.

anif-4,5-Dimethyltricyclo[5.2.0.02'5jnon-3-en-6-one  (10): uv
max (95% CJROH) 309 nm (£301); ir (CCh) 3045 (CH=CH),
1725 (C=0), and 1640 cm-1 (C=C); nmr (CCh) 8 571 (s,
poorly resolved, >C=CH), 1.8-3.2 (m, 7, bridgehead and meth-
ylene protons), 153 (s, br, 3, CHiC=CH), and 1.30 (s, 3,
CHZX <); mass spectrum (70 eV) M/e molecular ion 162.

Anal. caled for Ci,HuO (162.22): C, 81.44; H, 8.70.
Found: C, 81.39; PI, 8.76.

Photoequilibration of 7 and 8 —A solution of 52 mg of 7 in 25
ml of methylene chloride was irradiated through Pyrex with ten
“blacklights” for 8.5 hr, at which time a photostationary-state
mixture containing 73% of 7 and 27% of 8 was obtained. Simi-
lar irradiation of 64 mg of 8 for 10 hr provided an identical photo-
stationary-state mixture.

Irradiation of anif-Tricyclo[5.2.0,0 3non-3-en 6-one (5).—A
solution of 339 mg (2.53 mmol) of 5 in 90 ml of methylene chlo-
ride was irradiated (Pyrex) for 7 hr. Progress of the reaction
was followed by glpc (3%, Carbowax, 8 ft X 0.125 in., 128°, 25

C, 80.56; H, 7.51.

C, 81.44; H, 8.70.

C, 81.44; H, 8.70.

Cargill, King, Sears, and Willcott

cc/min of He). The solvent was removed by distillation to give
325 mg of ayellow oil. Analysis by glpc (3% Carbowax, 8 ft X
0. 125 in. 128°, 25 cc/min of He) showed the presence of three
products, 6, 11, and tetrachloroethane, in a ratio of 3.8:3.4:1.0,
respectively. Pure samples were obtained by preparative glpc
(20% DEGS, 5ft X 0.25in., 110°, 50 cc/min of He). Nmr and
ir spectra of 6 and tetrachloroethane were compared with those
of authentic samples. The third product, which decomposed
upon attempted collection, was presumed to be 11.

anb'-Tricyclo[5.2.0.02’Bnonan-6-one (6).—A solution of 1.464
g (10.92 mmol) of a mixture of 4 and 5 (ratio 2:98) in 50 ml of
absolute methanol and 30 mg of platinum oxide was hydrogenated
in a Parr shaker for 10 hr. The solution was filtered and the
solvent was removed leaving 966 mg (65.0%) of a pale yellow oil.
A pure sample of 6 was obtained by preparative glpc (20% DEGS,
5ft X 0.25in., 125°, 60 cc/min of He). anif-Tricyclo[5.2.0.023-
nonan-eé-one (6): uv max (95% C2HLOH) 306 nm (e 22); ir
(CCh) 1730 cm-1; nmr (CCh) 8 1.3-3.2 (m, 12); mass spectrum
(70 eVR m /e molecular ion 136.

Anal. caled for CHID
Found: C, 79.30; H, 8.93.

Irradiation of anii-Tricyclo[5.2.0.026jnonan-6-one (6) in Meth-
anol.—A solution of 432 mg (3.18 mmol) of 6 in 80 ml of abso-
lute methanol was irradiated (Corex) for 1.75 hr. Progress of
the reaction was followed by glpc (3% Carbowax, 8 ft X 0.125
in., 123°, 25 cc/min of He). Two products, 12 and 11 (13:1),
were formed. The solvent was removed at atmospheric pressure
resulting in 547 mg of a pale yellow oil. Pure samples of 12 were
obtained by preparative glpc (20% DEGS, 5 ft X 0.25 in., 113°,
30 cc/min of He). The minor component of the mixture was
presumed to be 11. 2-(I-Cyclobutenyl)cyclotutanecarboxalde-
hyde dimethyl acetal (12): ir (CCh) 3045 (>C=CH) and 1605
cm«1 (C=C); nmr (CCh) 85.70 (s, br, 1, >C=CH), 4.30 (d,
1,J = 8.0 Hz, >CHCH(OCH3J332, 3.10 (s, 3, >CHOCH3), 3.15
(s, 3, >CHOCHYJ), and 1.7-3.0 (m, 10); mass spectrum (70 eV)
m/e molecular ion 182.

Anal. calcd for CnH®02 (182.27):
Found: C, 72.47; H, 9.92.

Irradiation of Bicyclo[3.2.0]heptan-2-one (16) in Methanol.—A
solution of 1.47 g (13.4 mmol) of 16 in 90 ml of absolute methanol
was irradiated (Corex) for 3 hr. Progress of the reaction was
followed by glpc (3% Carbowax, 8 ft X 0.125 in., 109°, 25
cc/min of He). The solvent was removed and the pale yellow
residue was distilled, bp 60-70° (8 Torr), yielding 1.21 g of a
colorless oil. Analysis by glpc (3% Carbowax, s ft X 0.125 in.,
109°, 25 cc/min of He) showed two products, 17 and 18, and a
small amount of starting material. Pure samples of 17 and 18
in the ratio 3:2 were obtained by preparative glpc (20% Carbo-
wax, 8 ft X 0.25 in., 122° 86 cc/min of He).

3-(I-Cyclobutenyl)propionaldehyde (17): i (CCh) 3025
(>C=CH), 2705 (CHO), 1725 (C=0), and 1625 cm*1 (C=C);
nmr (CCh) 89.87 (t, 1, J = 15 Hz, CHO), 558 (t, 1,J = 15
Hz, >C=CH), and 2.33 (m, 8); mass spectrum (70 eV) m/e
molecular ion 110 .

Anal. calcd for CjHMO (110.15):
Found: C, 76.05; 11,9.15.

3-(I-Cyclobutenyl)propionaldehyde dimethyl acetal (18): ir
(CCh) 3025 (>C=CH) and 1630 cm*: (C=C); nmr (CCh) 6
5.38 (s, br, 1, >C=CH), 4.07 (t, 1,J = 5.5 Hz, CH2CH(OCH?3)2),
3.03 (s, 6, CH(OCH32, 2.17 (s, 4, cyclobutane protons), and
1.3-2.1 (m, 4); mass spectrum (70 eV) m /e molecular ion 156.

Anal. calcd for CoHie2 (156.23): C, 69.19; H, 10.32.
Found: C, 69.23; H, 10.32.

6,7-Dichlorobicyclo[3.2.0]hept-3-en-2-one (19).—A solution of
6.492 g (79.19 mmol) of 2-cyclopentenone and 30 ml of a mixture
of CIS and irares-l,2-dichloroethylene in 70 ml o: methylene chlo-
ride was irradiated (Corex) for 6 hr. The progress of the reaction
was followed by glpc (3% Carbowax, 8 ft X 0.125 in., 105°,
25 cc/min of He). Removal of the solvent and excess dichloro-
ethylene left a mixture of isomeric dichloro ketones. Vacuum
distillation of this brown oil afforded 12.050 g of a pale yellow
oil. To this was added 10 g of selenium dioxide and 500 ml of
ieri-butyl alcohol. The stirred solution was allowed to reflux
for 13 hr under a nitrogen atmosphere. The solution was then
cooled to room temperature and filtered twice using a Celite
cake. The solvent was removed by distillation at aspirator
pressure. The crude, reddish brown viscous residue was then
distilled, bp up to 150° (0.07-0.10 Torr), yielding 6.048 g
(43.6% from 2-cyclopentenone) of a yellow oil, 19, which par-
tially crystallized upon standing. Pure samples of 19 obtained

(136.12): C, 79.37; H, s8.8s8.

C, 72.49; H, 9.96.

C, 76.32; H, 9.15.
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by vacuum distillation using a cold finger apparatus had uv max
(95% C2HeOH) 229 nm (= 3700); ir (CCh) 3060 (CH=CH),
1720 (C=0), and 1575 cm'1 (C=C); nmr (CCh) « 7.58 (q, 1,
Jafi = 6.5 Hz, = 3.0 Hz, COCH=CH), 632 (q, 1, Jaa =
6.5 Hz,Jay = 2.0 Hz, COCH=CH), 458 (g, 1,J = 9.0 Hz,
J = 6.0 Hz, CHC1), 4.00 (m, 2, bridgehead and CHC1), and
3.00 (t, 1,] = 5.5 Hz, bridgehead); mass spectrum (70 eV) m/e
molecular ion 176 and 178.

Anal. calcd for C7HeOC12 (177.03): C, 47.49;
Cl, 40.04. Found: C, 47.59; H, 3.40; CI, 40.23.

anh'-Tricyclo[5.2 .0,0! .5lnona-3,8-dien-6-one (21).—A solution
of 3.09 g (16.9 mmol) of 6,7-dichlorobicyclo[3.2.0]hept-3-en-2-
one (19) in 50 ml of purified methylene chloride and 40 ml of a
mixture of CIS- and irons-1,2-dichloroetbylene was irradiated
(Corex) for 3.5 hr.  Progress of the reaction was followed by glpc
(3% Carbowax, 8 ft X 0.125 in., 170°, 25 cc/min of He). Sol-
vent and excess dichloroethylene were removed by distillation
leaving a brown oily residue. To this were added 125 ml of
benzene, 70 ml of ethylene glycol, and e drops of concentrated
sulfuric acid. This solution was allowed to reflux for 40 hr
with water removal. The solution was cooled to room tem-
perature and 200 ml of 5% sodium bicarbonate solution was
added. The aqueous layer was extracted with four 200-ml
portions of ether-methylene chloride (1 :1), and the extracts were
combined and dried (CaCl2. The solvent was removed by
distillation. The brown residue was dissolved in 50 ml of dry
ether and added to 400 ml of ammonia contained in a 1-1. three-
necked flask. Sodium metal was added to this stirred solution
until the blue color persisted for 20 min. The reaction was then
quenched with ammonium chloride. After complete evaporation
of the ammonia 350 ml of water was added. The aqueous solu-
tion was extracted with three 200-ml portions of ether. The
extracts were combined and 100 ml of 1.5 M hydrochloric acid
was added to the ethereal solution. The solution was then al-
lowed to stir at room temperature for 4 hr. The organic layer
was washed with 100 ml of 5% sodium bicarbonate and then with
100 ml of water. The aqueous layer was extracted with two
100-ml portions of ether and the combined ethereal extract was
washed with 50 ml of sodium bicarbonate and 50 ml of water
and dried (CaCl2. The ether was removed and the resulting
oil was distilled, bp 34° (0.50 Torr), yielding 955 mg (41.8%
overall) of a colorless oil, 21. Pure samples of 21 were obtained
by preparative glpc (20% DEGS, 5 ft X 0.25 in., 122° 60 cc/
min of He). anif-Tricyclo[5.2.0.026lnona-3,8-dien-6-one (2 1):
uv max (95% C2HsOH) 306 nm (e 267); ir (CCh) 3115 and 3040
(CH=CH) and 1725 cm*1 (C=0); nmr (CCh) &6.07 (AB q, 4,
Jav = 2.7Hz, Aab = 7.5 Hz, CH=CH; each peak of the upheld
doublet is split further into a doublet by J bx = 1.3 Hz), 3.60 (s,
br, 2, bridgehead protons), and 3.12 (m, 2, bridgehead protons);
mass spectrum (70 eV) m/e molecular ion 132.

Anal. caled for CeoH® (132.15): C, 81.79;
Found: C, 81.73; H, 6.14.

onii-Tricyclo[5.2.0.02'¢]nona-3,8-dien-6-0l (22).—To 205 mg
(5.12 mmol) of lithium aluminum hydride in 20 ml of dry ether
was added 245 mg (1.85 mmol) of 21 in 10 ml of ether. The re-
sulting mixture was stirred at room temperature for 17 hr and
then 10 ml of 10 % sodium hydroxide was slowly added to destroy
the excess lithium aluminum hydride. The solid was filtered and
washed three times with 20-ml portions of ether. The layers
were separated and the ethereal solution was washed with 40 ml
of saturated sodium chloride solution and dried (Na2SO<). The
solvent was removed at. atmospheric pressure leaving 177 mg of
an oil. Analysis by glpc (3% Carbowax, 8 ft X 0.125 in., 125°,
25 cc/min of He) showed one product, 22. Pure samples of 22
were obtained by preparative glpc (20% DEGS, 5 ft X 0.25 in.
133°, 65 cc/min of He). araif-Tricyclo[5.2.0.02'6]nona-3,8-dien-
6-0l (22): mp 49.7-50.8°; ir (CCh) 3600, 3575, and 3350
(broad, >CHOH), 3115 and 3030 cm*1 (CH=CH); nmr (CCh)
66.02 (AB q, 2, Jab = 3.0 Hz, Aab = 3.3 Hz, CH=CH), 5.97
(A'B'q, 2,Ja'B’ = 2.8 Hz, Aauj’ = 175 Hz, CH=CH), 3.91
(s 2, bridgehead), 3.44 (d, 1,J = 30Hz <CHOH), 3.09 (d, 2,

H, 3.32;

H, 6.10.

= 3.0 Hz, brldgehead) and 254 (s, 1, >CHOH); mass
spectrum (70 eV) m/e molecular ion 134.
Anal. Calcd for CoHBD (134.17): C, 80.56; H, 7.51.

Found: C, 80.65; H, 7.42.

Hydrogenation of aufi-Tricyclo[5.2 .0,025]nona-3,8 dien-6-one
(21).—A solution of 148 mg (1.12 mmol) of anfi-tricyclo[5.2 .-
0.02's)nona-3,8-dien-6-one (21) in 25 ml of absolute methanol and
20 mg of platinum oxide was hydrogenated in a Parr shaker for 6
hr. The methanolic solution was filtered and concentrated to
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give 91 mg of an oil. Analysis by glpc (3% Carbowax, 8 ft X
0.125 in., 125° 25 cc/min of He) showed a single product.
Pure samples of 6 were obtained by preparative glpc (20% DEGS,
5 ft X 0.25 in., 130°, 60 cc/min of He). Nmr and ir spectra of
this product were identical with those of anif-tricyclo[5.2.0.02G-
nonan-c-one (6) prepared from the hydrogenation of anli-
tricyclo[5.2.0.02gnon-3-en-6-one (5).

anti-3,4-Dimethyltricyclo [5.2.0.02'¢]nona-3,8-dien-6-one  (25).
—A solution of 3.28 g (18.5 mmol) of 6,7-dichlorobicyclo[3.2.0]-
hept-3-en-2-one (19) in 90 ml of purified methylene chloride and
20 ml of 2-butyne was irradiated (Corex) for 2 hr. Progress of
the reaction was followed by glpc (3% Carbowax, 8 ft X 0.125
in., 170°, 25 cc/min of He). The solvent and excess 2-butyne
were removed by distillation leaving a brown residue. To this
were added 125 ml of benzene, 70 ml of ethylene glycol, and 6
drops of concentrated sulfuric acid. This solution was allowed to
reflux (110°) for 40 hr with water removal. The solution was
cooled to room temperature and 200 ml of a 5% sodium bicarbon-
ate solution was added. The aqueous layer was extracted with
three 200-ml portions of ether-methylene chloride (1:1), and
the extracts were combined and dried (CaCl2). The solvent was
removed by distillation. The brown residue was dissolved in 50
ml of dry ether and added to 400 ml of ammonia contained in a 1-1
three-necked flask. Sodium metal was added to this stirred solu-
tion until the blue color persisted for 25 min. The reaction was
quenched with ammonium chloride. After evaporation of the
ammonia, 350 ml of water was added. The aqueous solution
was extracted with three 200-ml portions of ether. The ethereal
extracts were combined and stirred overnight with 150 ml of
2.0 M hydrochloric acid. The ether layer was separated and
the aqueous phase was neutralized with sodium bicarbonate
solution and extracted with ether. All the ether extracts were
combined and dried (CaCl2. The solvent was removed and the
residue was distilled, bp 55-56° (0.27 Torr), yielding 2.32 g of a
colorless oil. Analysis by glpc (20% DEGS, 5 ft X 0.25 in,,
115°, 70 cc/min of He) showed the presence of one major product,
25, and an impurity, Ca. 30%, presumed to be bicyclo[3.2.0]hept-
6-en-2-one. Pure samples of 25 were obtained by preparative
glpc (20% DEGS, 5 ft X 0.25 in., 115°, 70 cc/min of He).
anti-3,4-Dimethyltricyclo[5.2 .0. 02:5]n0na -3,8-dien-6-one (25): uv
max (95% C2Hs50H) 309 nm (e 323); ir (CCh) 3085 and 3015
(CH=CH), 1720 (C=0), and 1680 cm"1 (weak, CH3C=CCH3);
nmr (CCh) 56.07 (AB q, 2,Jab = 2.5 Hz, Aab = 8.5 Hz, CH=
CH; each peak of the upfield doublet is split further into a dou-
blet by Jbox = 1-3 Hz), 3.47 (m, 1, bridgehead), 3.25 (m, 1,
bridgehead), 3.10 (m, 1, bridgehead), 2.78 (m, 1, bridgehead),
and 1.60 (s, 6, CH3C=CCH3); mass spectrum (70 eV) m/e
molecular ion 160.

Anal. caled for CnHID
Found: C, 82.30; H, 7.66.

Irradiation of anff-Tricyclo[5.2.0.02'¢Jnona-3,8-dien-6-one (21).
—A solution of 570 mg (4.32 mmol) of 21 in 200 ml of purified
methylene chloride was irradiated in a Pyrex tube with ten 15-W
“blacklights” for 30 hr. Progress of the reaction was followed
by glpc (3% Carbowax, 8 ft X 0.125 in., 128° 25 cc/min of He)
and analysis showed the formation of a single product, 2. Sol-
vent was removed (50-70°) and the resulting oil was distilled to
give 390 mg (68.5%) of 2 as a colorless oil which crystallized
upon standing. Pure samples of 2 were obtained by preparative
glpc (20% SE-30, 5 ft X 0.25 in., 128°, 100 cc/min of He).
Homocubanone (2 ) was identified by comparison of the nmr and
ir spectra with those of an authentic sample.i

Irradiation  of on-if-3,4-Dimethyltricyclo[5.2.0.026]nona-3,8-
dien-6-one (25) in Methylene Chloride.—A solution of 814 mg
(5.04 mmol) of 25 in 190 ml of purified pentane was irradiated as
above for 50 hr. Progress of the reaction was followed by glpc
(3% Carbowax, 8 ft X 0.125 in., 122°, 25 cc/min of He). Two
products were evident, one of which diminished upon further
irradiation, leaving one final product. Solvent was removed
and the product distilled in a short-path still to give 598 mg of
31, bp 50-70° (bath temperature) (0.1 Torr). An analytical
sample of 31 was obtained by preparative glpc (20% DEGS,
5 ft X 0.25 in., 105° 70 cc/min of He). 1,2-Dimethylpenta-
cyclo[4.3.0.026.088.047]nonan-9-one (31): ir (CCh) 1755 cm-:
(C=0); nmr (CCh) $2.2-3.8 (m, 6, methine protons), 1.11 (s,
3, CH3C<), and 1.07 (s, 3, CH3C «).

Anal. cCalcd for CijH|D (160.21):
Found: C, 82.52; H, 7.50.

Reduction of Dimethylhomocubane (31).—Reduction of 31
with lithium aluminum hydride as above gave a mixture of epi-

(160.21): C, 82.46; H, 7.55.

C, 82.46; H, 7.55.
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meric alcohols 32.  Analysis by glpc (3% Carbowax, 8 ft X 0.125
in.,, 120° 25 cc/min of He) showed two peaks in a ratio of Ca.
2:1. The mixture of carbinols was purified by preparative glpc
(20% XF-1150, 10 ft X 0.125 in., 130°, 100 cc/min of He).
Carbinols 32 have 5 (CCh) 3.73 and 3.68 (doublets, J = 2.2
and 2.0 Hz, respectively, relative areas Ca. 2:1, respectively,
carbinol), 1.15, 1.12 (pair of equally intense singlets), and 1.07,

1.03 (pair of equally intense singlets, the former pair having Ca.

twice the area of the latter pair, methyls). The high resolution
mass spectrum of 32 exhibits M/¢ 162.1040 (calcd for CnHI(QO:
162.1045).D
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(20) We thank Dr. D. M. Rosenthal and Mr. F. Williams, Research Tri-
angle Institute, for the high-resolution mass spectrum.

The Photochemistry of Bicyclo[6.1.0]lnonanonesla

J. K. Crandall *1J. P. Arrington,0and C. F. Mayer
Contribution No. 1920 from the Department of Chemistry, Indiana University, Bloomington, Indiana 171,01
Received August 26, 1970

The solution photochemistry of three bicyclic ketones containing formally nonconjugated chromophores in a

medium ring has been examined.
hexanone (5), and 3-vinylcycloheptanone (s).

Bicyclo[6.1.0]nonan-3-one (1) affords trans-b,s-nonadienal (4), 2-allylcyclo-
Photolysis in methanol also gives methyl s-nonenoate (7). In

addition to photoreduction to the corresponding alcohols, bicyclo[6.1.0)nonan-4-one (2 ) forms aldehydes 15 and
16 and ester 17. A distinct solvent effect on the product distribution was observed in this system. 4,5-Epoxy-

cyclooctanone (3) undergoes simple photoreduction of the ketone function.

tion to similar systems.

As part of 3 contrmﬂng studyzzon thg photochemical
mteractron oL orma noncon tigate chromophoreé
contarne within the same molecUl®, we have examine

otoc emr&trf of the mo dified cXcIooctanones
}t Compound 1 is the ¢ coproR ﬁ

7- unsatu ated ketone 3-cyclooctenone, uo whic
¥ve have reyo arlier 2 eremarnrngC etones are

nctrona IZe rnteys osition with g tyclopropane
and an epoxide unit.” These compounds can e con-
sidered as derhvatrves of 4- cchooctenones t eses e-
CITIC Systems have been chosen In a search or
chemical, interplay. of remote functional grougs srnce
the medium-ring “framework 1provrdes the geometrica
proxi |t% which has been effective in mducrng trans-
annu ar Processes.

rcycIoL6 .1.0]nonan-3-one.—The synthesis of 1 was
acconiplished trom 3-C gclogctenols h\y the sequence:
acetylation, ons-Smith reactio saponrfrcatron
and hhromrct actr oxrhdatron AceVla éon was cgrtrcﬁll
IS synthetic scheme since mons-Sm
met od ? tg on the n]corol Itself. . The uptravro’et
spectrum af 1 su& est]s weak mteractron of the cyclo
Bropy mﬂrety W e %ar on ?roup as_evide

ancement of the. ex IHC lon" coefficient uv
ax hexane 89 nm «44)_. Thiss ectrum IS Simlar
to that of 3c c octenone’ 1292 nm (g 47)12 for which

%nie ove a the two .rtonds see S certain
ﬁ h c}/ %pro ane to functron in this t?ashron
as only recently ocumented.7

(1) (a) Supported by a research grant from the National Science Founda-
tion; (b) Alfred P. Sloan Research Fellow, 1968-1970; (¢c) NDEA Title IV
Predoctoral Fellow, 1965-1968; NSF Trainee, 1968-1969.

(2) 3. K. Crandall, J. P. Arrington, and J. Hen, J. Amer. Chem. Soc., 89,
6208 (1967).

(3) J. K. Crandall, J. P. Arrington, and R. J. Watkins, Chem. Commun.,
1052 (1967)

(4) A.C. Cope, M. M. Martin, and M. A. McKervey, Quart. Rev.,, Chem.
Soc., 20, 119 (1966).

(5) J. K. Crandall, D. B. Banks, R. A. Colyer, R. J. Watkins, and J. P.
Arrington, J. Org. Chem., 33, 423 (1968).

(6) R.C.Cookson and N.S.Wariyar, J.Chem. Soc., 2302 (1956).

(7) A recent report describes the uv spectra of 1 and its trans isomer:
K.B.Wiberg and A. deM eijere, Tetrahedron Lett., 59 (1969).

These results are discussed in rela-

Irradiation of i leads to the ra \d formation of
three ma{)or products m approxrmae d 12 ratro
|n either tenzene or ¢y cotexan(ej ol 8torsomer 4
ectroscopic properties (detailed In the Expe
htafp ectrongpwh?chpsu est the presence oI% f dre
y e, terminal Vinyl, ana anoncon ugated trans-d |su
st t qbdouble hond. The rg tbe osition o the
e onds Is evidenced b ya rc methylene
roug at s 2.7 In the nmt. ﬁar on ?keleton 0
IS compound was shown ythe 'ﬂ atrgno nnonania
rom a potolysrs mrxture which ha subseriuent ay
been catal trgaIIPr ydrogenated. 2-Allylcvclohex
none (s) W Ified com arison with asynthetrc
ample derrved from aIIg/I Grl nard addrtlo(h (%/
ex ne oxide and su S uent c romic acl oxr tion
of the refultrn aco% ?tructure of 6 rest?
on spectral data“which, show a cycloheptanone carbon
o and a termrnal vrny rou The absence

fasrgnal at ca s 3,0 0) In the nmr
Indicatds that the vrn suhstrtuent IS ‘not adéacent
to the, carbonyl rrrrou 2 and, therefore the présence
of an Important fra e]nt At mse 81 In the mass spec-
trym of 6 estanlishés the mdrcated Iocus of the vinyl
supstityent.s

Irradiation of + in methanol solvent gave methyl
s-nonenoat ﬁ) in add éron 10, the above three prod-
ucts. Methyl ‘ester ang terminal vinyl groups ‘were
manifest ectrosco |c and catalgtrc hydrogena-
tion conve ed to |'n-nonanoat

Examination of th e otors mers under the |rrad|a
tion conditions ?emo strate asence of Inter-
conversron In tact, except or aldehyde 4 w Ich
deco rroosed to.an umgentrfred materia[ of short re
tentio trme Rro ucts were surprisingly stab
to the p otolysrs conditions.

These results parallel closely those obtained by Heck-

(8) H. Budzikiewicz, C. Djerassi, and D. H. Williams, “Mass Spec-
trometry of Organic Compounds,” Holden-Day, San Francisco, Calif., 1967,
Chapter 3.
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ert and Ivropblgrn their studg of the |somer|c 4 cara

nolnrtesd(8)t, I|c are small rdrtrng?hantaosf of t
ated rationale can be applied to the transformation
? 1asi ustratet? ab Pow ppExcrtatron of 1 IS tml?owea

?/vrrtua e cusrve] a ceavagee in th direction to
Ze diradical 9. This selective ring fission |s attrib-
d to the delocalizin

abrlrt the 0
substituentD which apparentl 3/ e/xerts Itself e?fegt \P Y
In the (}ransrtron%tate for bon ruptu[e ofelectr)onrca y
excited 1 this regar arallels the behavior
of Its double bond analog.2 Once generated the ¢ cIo
Brop Iiarbrnyl aidrcal m |eéy IS postulated to redq
nravel n a well-establis ner]lto produce |s
merrc Rrradrcas 10 gnd 11 Radrca cou Irng proceéses
from these |nterme lates grve cyclic ketones 5 and 6
resp ectrvelv} Aternatrve;/ 10 can b/arta eoffavorablg
srx center tv}rogen trans ers to give aldehyde 4 an
ketene 1 recursor of ester' 7. The absence of
Froducts rom ketene 12 In betnz}ene and cgc ohe
s probably only a reflection of the propensity of t
reaetrve mtehrmedraltedto take p tart in f(tjrrther thjetrma
tochemical decomposition under conditions
\Srvrh\e/réen t|t IS not rendereg Rert by reaction with the
One aspeot ofthrs hotochemical system which differs
from that of CZ octenone Is thé lack of Intercon-
version of the ketone products or thelr reversron to
starting material. In prrnfrple a cleavaﬁe of 5 ai 3
In the Correct manner would re%enerate t ostu ate
biradjcal in ermledrates 10 and 11 res ectrve These
transients should interconvert via t cyclopropylcar-
b I |nterme late 9 in view of the nown chemrstr
omoa lic radical ﬁ)ecres]l The observed tt)h to
sta ity of 5 and 6 relative to 1 can be attribu
an esi)ecrat efficient decomposition of 1 an exce
tionally nefficient « cleavage for 5 ang 6, or o I-
inarily, a certain deg tree of reverstrh |I|t (t) the s
eavade Step appears to obtain in the photolysis of
atura?ed Leﬁongg D therehy aecreasrng P he efficiency
observed reactron In the case rifl the pro ensrt}r
the ccogropy carb mv radrca to sprin EJ
ould ro ote mare judic ous utilization_or the' initjal
radrca errve rom a ceavaq Inefficiency In the
Ptotol ysis of 5 and 6 mav result from a special route
or refaxation of the excited states of these ketones,
namely Intramolecular energy transfer from the car-
bonyl grou to the double bond. Such an explanation
nad b n? previously to account for_excep-
sonalp otosta |ty0f7 e-Unsaturated ketones (Scheme

Bre lo[6.1.0]nonan-4-one.—This ketone was
riare b [t tho ferent routes each of which utrIPzed
b-C coqctadrene as t dsartrn material. ~ Sim-
mons-Smith reaction followe he oxy mercuration-
reduction. proeeﬂ urey for hydratron gave a mrxtH[
of epimeric alconols 13 and” 14 which“were smoothly

. Chem. So

w(‘)Q_

DO O

(9) D. C. Heckert and P.J. Kropp, J. Amer
See also M. S. Carson, W. Cocker, S. M. Evans, an
Tetrahedron Lett., 6153 (1968); R. G. Carlson an
., 1049 (1969)

c., 90, 4911 (1968).

Commun
(10) J. K. Kochi, P. J. Krusic, and D. R. Eaton, J. Amer.
1877, 1879 (1969).
(11) L. K. Montgomery and J. W . Matt, ibid., 89, 6556 (1967), and earlier
papers in this series
(12) P.J. Wagner an
(13) L.D. Hess, J. L.Jacobson
3684 (1967).
(14) H.C.Brown an

d R.W.Spoerke, ibid., 91,4437 (1969).
, K. Schaffner, and J. N. Pitts, Jr., ibid ., 89,

d P. Geoghegan, Jr., ibid., 89, 1522 (1967)
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Scheme 1

8

converteit to ketone 2 by chromic acr? oxid tr ﬁ
ternatively, the epimeric mixture 0 aco s “could
e Ontaned ft?th#& AT AT § onifcs:
trony Asrbetsore masking of the a?eoholn uncPron was
critical for the success of t e nﬁ)rop nation ste
The ultraviolet spectrum o exane)
nm e 15)| was normal for saturated cycloa kanones
tf) otochemistr of 2 Was markedy é)en
on the so vent utifized. In henzene only Slow d
composition wrt out the formatron of char cterrzabe

Pro ucts was o serve Ph oto(hjsrs In cycthexane or
s gﬁ ? | alcohol resu ted in reduction to the e |mer|c
. In-methanol, however, a more comple

uct mrxture was qbtained.  The prod cts were (c.s
aIIyIcg opropyﬁpropanal (15 4-(«'s-2 vrnylcyclo
|)outanal ” (1s), methrvos3(«32 ropylcvclo

[)propanoate ¢ lco and 14, Statin
E E%e panF()t an unr&ntr led mateﬁ’al In th4e ratio
20:3:25:15:36

Structire 15 was assigned on the basrs of spectral
dat whrch show an adejt de, atermrna viny IjrrouRt

Cgbﬁm%eh)mtoSMS an vYn (ngro§rpfsunact g%%]ﬁ

e resonance experiments confirm th e% assrrqnments
which distinguish between the two probable structures
% 16 SINCe on the. former ossesses allylic
[h ene grou etentron thg Cis stereoc emr tr
cnvc‘ | ring Is copfirme b the ob servatro
two (80 5an —{.2 rtec lo ogy
ylene roup The trans 1s0mer sh o IV
srn]gﬁe absor tion for the metr}y ene rotons
estrucural ass nment 0r 16 sconsrdered tenta-
tive 8W|n]g to the s all amount of this, rnlaterral ob-
taine he nmr spectrum was quite similar to that

(15) Cyclooctanone, for example, exhibits a uv max (EtOH) at 283 nm
(¢ 17): N.J.Leonard and F. H. Owens, ibid., 80, 6039 (1958).

(16) L. M. Jackman and S. Sternhell, "Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry,” 2nd ed, Pergamon Press
Oxford, 1969, pp 181-183.

(17) L. K. Montgomery, personal communication of unpublished results,
1969; D. T. Longone and A. H. Miller, Chem. Commun., 447 (1967), and
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of 15 except for a simplified pattern in the olefinic

regrﬂ
e assignment of structure 17 foIIows from the
presence of a mety ester, %c og t? pro ons, and

n skeleton was

an aliphatic meth routl)
shown to pe the same'as 15 b transformlr] this IaJter
compound to 17 by the sequence: catalytic h

genatron chromic acrd oxidation, and diazomethane

sterification (Scheme I1).

<[-<I*<
Ix 1

The. alcohl. product was homogeneous to all gc

copditions utrIrze but] was readily reco nized as ar]
Prm?no mixture e Rre ence o two nonintegra
nals or e caring rogen In the nmr at 5
r] Conversion of he mixture to the trr
methY silyl ethers allowed for t ese aratron and ar
flCte zatrog ofthe two Produots amr ation o
ecular mode ssugg ?ts hat the crs |somer as avalla e
reasonabl normatronsw Ich place the carbino

adroenrnte of the cyclopropyl ring where
| cang ex enencepdleshre drn? fcry om Fthepymagn tic an-
ISotropy teo?/c Oﬁ) X []n B The Isomer whose
srgnal aP ears at s 4.0 | assrgned as 5

rang ep er 14a pears toh emoreo less uninf uenced
OyStrssrrh/CO ea"a% ous hltdrgaetr)rlrrlr? lcff oot
atio of Eoe Sll[ rgt ersgsh \Aoé Ssﬁslrar?? 1“h erTeErs
a b urrnataoamrnulrn hyH]nde re)ductrd/ fietone 2 (Ives
The of:oss aspecis of the hoto hemrstru}ijof 2 apgear

toedrtet Ica fsrmecca nanes. @euc
tion of c? onY Unlitl nto ana(ﬁ) JO en
abstraction from the sojvent |sawe fa ro
08ss, as IS Hansformatron to acyc |c a es and
esters (ia the correspon mghket nes). Intermediate

birad|c Is 18 and, to a.mu ﬁsser extent, 19 serve
as su#ta e reactjve species which can under 80 further
rans cts.. The

ormatrons adl gto the observed pro
arge preference for reaction via 18 OVEr 19 IS Striking.
However, interpretation of thrf fact in terms of a
special effect of the cyclopropyl group appears to be

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

clooctanol
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unwarranted in view of a similar drscrrmrnatron |n
the case of 3- {n tharl é)hexanone
‘ances the pre erre pro uct Is derrve rom %
eavage on t e side of the carbonyl group art
rom e substituent. The potential re ersrbr Ity . of
He aceavae steE could be utrlrzed o ratronalrzg
these results, 2hut Ieary more Information Is require
before an adequate exe [anation for the effects ot sub-
stituents on these cleavage reactions can he tendere
Nonetheless, 1t should bé noted that reIatrveI subtle
structural changes are pparen[ Q/ capable of markedly
Inf uencrng the ourseo cycloalkanone photoisomeriza-

tion
A second noteworthy Ioornt arises from the pronounced
Bolve[r effect which” leads to competitjon between
burttoecutar reduction andha cleavage In methanoI
U eormerrnccoexaneorroro alcoho)
: t?aus/r eﬂex anatroh for this novel pobgelrvatror(rj |§
at in nol the carbony| qgroup Is surroun
k orrenterf soqveng moIecuPes %h gh F]eFtard brmoIechar
drogen atom _abstraction from the methy d/rou
thﬁ solvent, grs aIIows for compe}trtrY) cle%
n the other han ogco exa{r are carbo
unctron ex errences ||tt difficulty n abstractrng
drog en from the sojvent, and re ctron pre omj ates
Accor ing to this, view, |soProRy alcohol, whi h dro-
gen ho sIess effectrvel methanolﬁ offers a
etter y rogen abstraction reaction, behaves more
like cyclohexane than methanol. The factors which
de éermlne the relative effrcrencres for ceavage v
?tron for a given etone are oorlag under tood
ut urther, studres on solvent effects are |nd|cated
rﬂotentra control of these competitive J%at ways
has important implications for sgnthetrc USes.
4,5-Epoxycyclooctanone.—F xide s was_obtained
from peracid oxidation of 4- cyclooctenone The ultra-
violet speoE)rum gavg no evidence for trapsannular
Interaction etweent ee oxrde and ketone functions:
uv max (hexane nﬂt
Assess ent of the photochémical behavror of 3 was
c%m[p licated by the Pro ensrtg of the |n|t|a formed
otop ro uct “mixture to undergo, further non oto-
cemrca transformation. Th us irradiation 0
YCO exane gave a mixtyre of alcohcls which W é
dffrcult to ana ze and w 0se com osrtron a peare
to chan eon stan md Treatment of the cru eP
?t wit exagrethg rIIazane allowed the_Iso atron
two sryate erl d"ha 1 ratlo, The s%me
two products were 0 tarne lithium alumrnum
dride reduction of s and subsequent siiylation.  The

ma or c onent retained the epoxide rrng as dem-
on trate T& ItS sp ctrosco Ic %ropertres and by com-
parrson wr asampeo tar Sliylation and epoxr

tron of 4c clo gteno Y However the second si| g
? er lacked ir and nmr characte Isércs of the e oxg e
unction. The results. from h r| e redu tio
suggest rnrtra formation F J cis- a
epoxyacohols 20 and 21), by Intramo-
Lec(u drso acement of the surta ¥ |s§oéed trans-
vr)hr f 21 on the transannular epoxide moety

Ich transtorms it into a bridged bicyclic ether. Two

(19) During the preparation of this work for publication, we learned of a
related study of the photochem istry of 1 and 2by Professor S. Moon whom
we thank for a helpful exchange of information.

(20) This epoxidation apparently proceeds with high stereos
presumably by attack of peracid cis to the silyl ether group.

electivity
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drfferent brcr\{clrc ethers, 22 and 23, are possible de-
pending on the mode of transannular attack.2
Gas chromatographrc studres utilizing acetate esters
confirmed thrs ypothesis. - Photolysis™ of 3 followed
immediately by eXposure to acetrc anhydride-pyridine
gave the same’ two geaks as ontained by oxrdatron
4(r:\yclooctenyl acetate These are assr e a the
5-epoxycyclooctyl acetates (2

cis transA

However, acexlatron ot the alcohol mrxture obtarned
y epoxidation of 4-cyclooctenol gave only one. of
these peaks plus a second peak of the same retention
time as an aythentic_unresolved mixture rff bicyclic
acetates 26 and 27.2 Treatment of the bicyclic acétate
from either source with h){drrde followed by chromic

gﬁ'(? oxidation gave a mixture of bicyclic ketones 28

The comPhcated set of interrelations described above
establishes that the initial Rho Rroducts fare 20 an 2l
and that under certain conditio rth er trans-
formed to a mixture of the rsomerrc bicyclic ethers 22
and 23 ., under(s e conditions of s ylatron_gf the
ghotoproduct nydride re uctron of 3, and epoxidation
t 4-cyclooctenol) (Scheme 11

scheme Il

21.R-H 20,R=H
25,R = Ac 24,R= Ac
29 22, R=H 23, R=H
26, R=Ac 27, R=Ac

The recovery of volatile groducts from the photoI}/srs
of 31n c?/c lohéxane wg P or, and only decomposition
was obsefved from Irradjation rnbenzene The photoly-
SIS was not examined in methanol owrnq to an upex-
Pore reaction of 3 with the solvent. Thus,
hg otnly characterrzed photoreaction of 3 Is simple
reduction.

Experimental Section

General.—Nmr spectra were obtained with Varian A-60 or
HR-100 instruments (CCh) and infrared spectra with Perkin-
Elmer 137 and 137G spectrophotometers (neat samples unless
noted otherwise). Gas chromatography (gc) was performed
on Aerograph A1200 (analytical) and A90-P3 (preparative) in-
struments. Analytical columns were 10 ft X Vs in. 15% Carbo-
wax 20M on 60-80 Chromosorb W and 10 ft X Vs in- 15%
diethylene glycol succinate on 60-80 Chromosorb W. Mass
spectra were obtained at 70 eV on an AEI-MS 9 instrument.
Anhydrous magnesium sulfate was used for all drying opera-
tions.

(21) Related reactions are well precedented
Cope, R.S.Bly, M. M. Martin, and R. C. Petterson, J. Amer. Chem. Soc., 87,

See, for example, A. C

3111 (1965).

(22) S. Moon and L. Haynes, J. Org. Chem., 31, 3067 (1966); A. C. Cope,
M. A. McKervey, and N. M. Weinshenker, J. Amer. Chem. Soc., 89, 2932
(1967).
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Preparative photolyses were carried out on 1% solutions with a
450-W medium-pressure Hanovia Type L mercury vapor lamp
in an immersion-well apparatus using a Vycor filter. The solu-
tion was degassed by bubbling nitrogen through it prior to photol-
ysis, and a positive nitrogen pressure was maintained during
photolysis. The course of the reaction was monitored by
analytical gc.

3-Cyclooctenyl Acetate.—A solution of 6.3 g of 3-cyclooctenol
and 12 ml of acetic anhydride in 50 ml of pyridine was stirred at
room temperature for 18 hr. The solution was poured into 10%
hydrochloric acid and extracted four times with pentane. The
pentane solution was washed with saturated aqueous sodium
bicarbonate and water and dried, and the solvent was removed by
evaporation on a steam bath. Distillation gave 6.2 g of 3-
cyclooctenyl acetate: bp 108-110° (30 mm); ir 3.3, 5.76, 7.3,
8.1, and 9.7 fj; nmr $5.65 (m, 2, CH=CH), 4.8 (broad m, 1,
CHOACc), and 2.6-1.1 (broad m, 13). A sharp singlet at 1.9
(CH3CO) was superimposed over the methylene absorption.

Preparation of Bicyclo[6.1,0]lnonan-3-yl Acetate.—A solution
of 95 g of methylene iodide, 26 g of zinc-copper couple, and 100
mg of iodine in 250 ml of ether was stirred at reflux for 0.5 hr.
The oil bath was removed, and 4.5 g of 3-cyclooctenyl acetate in
25 ml of ether was added dropwise. Heating was then re-
sumed and the mixture stirred at reflux for 48 hr. The mix-
ture was filtered through HyFlo Super Cel and the filtrate was
washed with five 50-ml portions of 5% hydrochloric acid, then
with saturated sodium bicarbonate solution, and water, and
dried. Concentration, followed by distillation, gave 4.7 g
(96%) of bicyclo[e.1.0]nonan-3-yl acetate: bp 110-115° (30
mm); ir 3.25, 3.33, 5.75, 7.3, 8.0, and 9.8 N; nmr 54.8 (m, 1,
CHOAC), 2.2-0.5 (m, 16, CH2 CH3 cyclopropyl H), and —0.2
(m, 1, cyclopropyl H). The presence of sharp singlets of nearly
equal intensity at 1.85 and 1.90 indicates that the product is a
mixture of isomers, even though it was homogeneous to gc.

Anal. caled for C,HIO2 C, 72.49; H, 9.95. Found: C,
72.23; H, 10.00.

Bicyclo[6.1.0]nonan-3-0l.—To a solution of 3 g of potas-
sium hydroxide in 50 ml of methanol was added 4.5 g of bicyclo-
[6.1.0]nonan-3-yl acetate, and the resulting mixture was stirred
at reflux for 3 hr. The reaction mixture was poured into water
and pentane, and the layers were separated. The organic layer
was washed twice with water and dried. The solvent was re-
moved on a flash evaporator, and the residue was distilled
through a short-path distillation head to give 2.7 g (90%) of
bicyclo[6.1.0]nonan-3-ol: bp 115-120° (20 nm); ir 3.0, 3.2, 3.3,
and 9.6 n; nmr s 3.7 (m, 2, CHOH), 2.4-0.5 (m, 13, CH2
cyclopropyl H), and —0.3 (m, 1, cyclopropyl H).

Bicyclo[6.1.0]nonan-3-one (1).—Five milliliters of s N chromic
acid was added dropwise to a cooled, stirred solution of 2.9 g of
bicyclo[e .1.0]nonan-3-ol in 50 ml of acetone. The mixture was
stirred for 0.75 hr, poured into water, and extracted with four
50-ml portions of pentane. The organic solution was washed
with water and dried, and the solvent was removed on a flash
evaporator. Distillation gave 2.6 g (91%) of 1. bp 98-105°
(20 mm); uv max (hexane) 289 nm ( 44) [lit:1 298 nm (¢ 34)]:
ir 3.24, 3.32, 5.88, and 11.7 M nmr 52.8-1.0 (m, 10), 0.7 (m, 3,
cyclopropyl H), and —0.1 (m, 1, cyclopropyl H).

Anal. calcd for CHi,0: C, 78.21; H, 10.21.
78.24; H, 9.95.

Photolysis of 1.—A solution of 0.9 g of 1in 110 ml of methanol
was photolyzed for 15 min. The solvent was removed by evapo-
ration on a steam bath, and the residue was distilled (0.2 mm)
to give 0.76 g of crude photoproduct. The products were iso-
lated by preparative gc. The first product (27%) was identified
as frans-5,8-nonadienal (4): ir 3.22, 3.33, 3.68, 5.80, 6.1, 10.1,
10.3, and 11.0N; nmr59.5 (t, 1,J — 1Hz, CHO), 6.1-4.7 (m, 5,
CH=CH), and 3.0-1.3 (m, 8).

Anal. "calcd for CeHuO: ~ C, 78.21; H, 10.21.
78.09; H, 10.27.

The second product (18%) was methyl g-nonenoate (7): ir
(CCh) 3.24, 5.74, 6.1, 7.3, 8.4, 8 6, 10.1, and 11.0 M nmr a5.7
(m, 1, CH=CH2, 49 (m, 2, CH=CH2), 3.6 (s, 3, CH30), and
2.5-1.0 (m, 10).

Anal.  Calcd for CioH8O2 C, 70.55; H, 10.66.
70.53; H, 10.71.

The third component (35%) was 2-allylcyclohexanone (5),
identified by comparison with an authentic sample. The fourth
product (10%) was identified as 3-vinylcycloheptanone (6) on
spectroscopic grounds: ir (CC1<) 3.24, 5.90, 6.1, 10.1, and 11.0
n; nmr (100 MHz) 55.8 (m, 1, CH=CI12, 5.0 (m, 2, CH=CH),

Found: C,

Found: C,

Found: C,
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and 2.6-1.2 (m, 11); mass spectrumm /e (rel intensity) 138 (30),
82 (32), 81 (100), 68 (46), 67 (67), 56 (61), and 55 (33).

Anal. calcd for CeH,0: C, 78.21; H, 10.21. Found: C,
78.00; H, 10.16.

The fifth component (12%) was ! .

Photolysis of 1 in cyclohexane or benzene required 45 min and
gave 4 (14%). 5 (32%), 6 (14%), t (33%), and an unknown of
short retention time (7%). No equilibration of 4, 5, or 6 with
each other or starting material was observed when each of these
products was irradiated in separate experiments.

Catalytic Hydrogenation of 7.—A solution of 25 mg of 7 in 5
ml of methanol was hydrogenated at atmospheric pressure with
5% palladium on carbon for 24 hr. The catalyst was removed by
filtration and the filtrate was poured into water and pentane.
The layers were separated and the aqueous layer was washed
twice with pentane. The pentane extracts were washed with
water and dried, and the solvent was removed by distillation to
give 20 mg of methyl pelargonate, identical in all respects with
an authentic sample.

Catalytic Hydrogenation of the Photoproducts of 1.—A solu-
tion of 450 mg of the crude photoproduct mixture from photolysis
of 1 in benzene was hydrogenated in 15 ml of methanol at at-
mospheric pressure using 10 % palladium on carbon as catalyst.
After 24 hr, the catalyst was removed by filtration, and the fil-
trate was poured into water and extracted three times with
pentane. The pentane extract was washed with water and
dried, and the solvent was removed by distillation. Separation
by preparative gc yielded n-nonanal, 2-ra-propylcyclohexanone
(each of which was identified by comparison of its ir spectrum
with that of a known sample), and a material tentatively iden-
tified as 3-ethylcycloheptanone, ir 5.88 n-

2-AUylcyclohexanone (5).—To 75 ml of a 0.8 Hi solution of
commercial allylmagnesium bromide in ether was added drop-
wise 5 g of cyclohexene oxide in 25 ml of ether. The mixture
was stirred at reflux for 12 hr and then poured into 75 ml of cold
5% hydrochloric acid and 50 ml of pentane. The layers were
separated and the aqueous portion was washed with three 50-ml
portions of pentane. The combined extracts were washed with
water and dried, and the solvent was removed by distillation.
The residue was distilled through a short-path distillation head
to give 5.9 g (83%) of 2-allylcyclohexanol: bp 46-48° (0.8 mm);
ir 3.0, 3.26, 6.1, 9.5, 9.7, 10.1, and 11.0 ~; nmr 86.1-4.7 (m, 3,
CH=CH2), 3.85 (s, 1, OH), 3.2 (m, 1, CHOH), and 2.6-0.9
(m, 11).

To acooled, stirred solution of 4.2 g of 2-allylcyclohexanol in 50
ml of acetone was added dropwise 8 ml of 8 A chromic acid. The
resulting mixture was stirred at room temperature for an addi-
tional 30 min, poured into water, and extracted with three 50-ml
portions of pentane. The pentane solution was washed with
water, dried, and concentrated. The residue was distilled to give
3.2 g (76%) of 5: bp 82-86° (15 mm); ir 3.24, 5.84, 6.1. 10.1,
and 11.0 nmr86.1-4.7 (m, 3, CH=CH2 and 2.6-1.0 (m, 11).

4-Cyclooctenyl Acetate.—A solution of 10.5 g of 4-cyclooc-
tenol and 15 ml of acetic anhydride in 40 ml of pyridine was
stirred at room temperature for 18 hr. The reaction mixture
was poured into 250 ml of 10% hydrochloric acid and 500 ml of
pentane, and the layers were separated. The pentane was
washed -with two 50-ml portions of 10% hydrochloric acid, satu-
rated aqueous sodium bicarbonate, and water and dried. The
solvent was removed by distillation and the residue was dis-
tilled to give 12 g (se6%) of 4-cyelooctenyl acetate: bp 110—
113° (20 mm); ir, 3.3, 5.78, 7.3, and 8.1 jx nmr 8 5.6 (m, 2,
CH=CH), 4.7 (broad m, 1, CHOACc), 2.4-1.4 (m, 13). A sharp
singlet (CH:,CO) at 1.9 was superimposed over the methylene
multiplet.

Bicyclo[6.1.0]nonan-4-yl Acetate.—A solution of 75 g of
methylene iodide, 20 g of zinc-copper couple, and 100 mg of
iodine in 250 ml of ether was stirred at reflux for 30 min. The
heating bath was removed, and 4.5 g of 4-cyclooctenyl acetate
in 25 ml of ether was added dropwise. The resulting mixture
was stirred at reflux for 48 hr. The mixture was filtered through
HyFlo Super Cel and the filtrate was washed with five 50-ml
portions of 5% HC1, then with saturated aqueous sodium bi-
carbonate, and water and dried. The solvent was removed by
flash evaporation and the residue was distilled to give 4.7 g
(86%) of bicyclo[6.1.0lnonan-4-yl acetate: bp 120-125° (2
mm); ir3.2, 3.3, 5.76, 7.3, and 8.1 /x, nmr 8 4.9 and 4.7 (m, 1,
CHO), 2.4-0.3 (m, 16), and —0.3 (m, 1, cyclopropyl H). A
sharp singlet (CH3CO) at 1.9 was superimposed upon the broad
methylene absorption.

Crandall, Arrington, and Mayer

Bicyclo[6.1.0lnonan-4-ol. A.—To astirred, cooled slurry of 20
g of mercuric acetate in 120 ml of 50% aqueous tetrahydrofuran
was added dropwise 7.0 g of bicyclo[6.1.0]lnon-4-ene. The
yellow color disappeared before addition was complete (co. 5 min),
and the solution was stirred at room temperature for 45 min.
The reaction mixture was again cooled in an ice bath, and 60 ml
of 3 A sodium hydroxide and 60 ml of 0.5 Hi sodium borohydride
in 3 A sodium hydroxide were added slowly. The solution was
saturated with sodium chloride and the layers were separated.
The aqueous solution was washed twice with tetrahydrofuran, the
combined tetrahydrofuran extracts were washed with water
and dried, and the solvent was removed by distillation. The
residue was distilled through a short-path distillation head to
give 6.5 g (81%) of bicyclo[6.1.0lnonan-4-o0l: bp 60-63° (1
mm); ir 3.0, 3.26, 3.34, 9.6, 9.7, 10.0, 10.6, and 11.9 M nmr (100
MHz) 8 4.0 and 3.5 (two complex multiplets in a ratio of 6:4,
together integrating for 1 hydrogen, CHOH), 2.5 (s, 1, OH),
2.3-0.5 (m, 13, CH2 cyclopropyl H), and —0.7 (m, 1, cyclo-

propyl H). The sample was homogeneous on a variety of gc
columns.
Anal. calcd for CoHIEO: C, 77.09; H, 11.50. Found: C,

76.89; H, 11.46.

B.—To a solution of 3.2 g of potassium hydroxide in 55 ml of
methanol was added 4.2 g of bicyclo[6.1.0]nonan-4-yl acetate,
and the resulting solution was stirred at reflux for 2.5 hr. The
reaction mixture was poured into water and pentane, and the
layers were separated. The pentane layer was washed three
times with water and dried, and the solvent was removed by flash
evaporation. Distillation gave 2.5 g (77%) of bicyclo[6.1.0]-
nonan-4-ol.

Trimethylsilylation of Bicyclo[6.1.0lnonan-4-ol.—A mixture
of 227 mg of the product obtained in the previous experiment and
550 mg of hexamethyldisilazane was stirred at 85-90° for 12 hr.
Gc analysis showed two products of shorter retention time than the
starting alcohol in a ratio of 56:44. Preparative gc gave two
products which are assigned as the trimethylsilyl ethers of CIS-
and irans-bicyclo[6.1.0]nonan-4-ol (13 and 14). The 56% isomer
shows absorptions in the nmr at 8§ 3.9 (m, 1, CHO), 2.2-0.3 (m,
13), 0.0 (s, 9, CHSsSi), and —0.3 (m, 1, cyclopropyl H). The
44% isomer exhibits an nmr identical with that of the first com-
ponent, except that the downfield multiplet is shifted to
3.3.

Bicyclo[s .1 ,0lnonan-4-one (2).—To a cooled, stirred solution
of 6.2 g of bicyclo[6.1.0]Jnonan-4-ol in 60 ml of acetone was added
dropwise 12 ml of 8 A chromic acid, and the solution was stirred
for an additional 15 min. The reaction mixture was poured into
40 ml of water and extracted with five 50-ml portions of pentane.
The combined pentane extracts were washed with water and dried
and the solvent was removed by flash evaporation. Distillation
of the residue gave 4.0 g (66%) of 2: bp 99-101° (15 mm); uv
max (hexane) 287 nm (e 15); ir 3.25, 3.33, and 5.86 N\ nmr 8
2.3 (m, 4, CH2CO), 2.1-1.3 (m, 6, CH2, 0.6 (m, 3, cyclopropyl
H), and —0.2 (m, 1, cyclopropyl H).

Anal. calcd for CHRO: C, 78.21; H, 10.21,
78.34; H, 10.24.

Photolysis of 2. A. Methanol.—A solution of 1.0 g of 2 in
110 ml of methanol was photolyzed for 1hr. The solvent was re-
moved by evaporation on a steam bath and the residue distilled
(0.1 mm) to give 0.8 g of crude photoproduct. The products
were isolated by preparative gc (20 ft X 0.25 in. 20% TJCON 2000
Polar, 160-180°). The first component was ethylene glycol.
The second product (20%) was identified as 15 on the basis of its
spectral properties: ir 3.24, 3.33, 3.67, 5.80, 6.1, 10 1, and 11.0
m nmr (100 MHz) 8 957 (t, 1,/ = 1 Hz, CHO), 5.8 (m, 1,
CH=CH2, 5.0 (m, 2, CH=CH?2, 245 (tripletof t. 2, ./ = 7,
1 Hz, CH2CHO), 2.0 (m, 2, CH=CHCH2), 1.6 (m, 2, CH2),
0.75 (m, 3, cyclopropyl H), and —0.2 (m, 1, cyclcpropyl H).
Double irradiation experiments confirmed this structure, since
irradiation of the methylene multiplet at 2.0 effected a simplifica-
tion of the vinyl resonance, thereby demonstrating that the vinyl
group was part of a side chain terminated by an allyl group. Ir-
radiation of either the aldehyde resonance at 9.57 or the methy-
lene absorption at 2.45 clearly demonstrated the mutual coupling
of these two groups.

Anal. calcd for CoH»0:
78.10; H, 10.32.

The third component (3%) is tentatively identified as 4-(c?s-2-
vinylcyclopropyljbutanal (16): ir 3.25, 3.33, 5.80, 6.1, 10.1,
and 11.0 I, the nmr shows a spectrum nearly identical with that
of 15 except that the vinyl resonance is somewhat simpler.

Found: C,

C, 78.21; H, 10.21. Found: C,
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The fourth product (25%) was identified as methyl 3-(cfs-
2-n-propylcyclopropyl)propanoate (17): ir 3.25, 3.33, 5.74, 7.3,
and 8.6 nmr $3.61 (s, 3, CH®), 2.3 (m, 2, CH2CO), 2.0-0.5
(m, 14), and —0.2 (m, 1, cyclopropyl H). In addition, a multi-
plet typical of an aliphatic methyl was observed at 1.0. This
product was homogeneous to a variety of gc columns and was
identical with a sample prepared from aldehyde 15.

Anal. calcd for CiHis02 0,70.55; H, 10.66.
70.46; H, 10.71.

The fifth component (1%) was not isolated in sufficient quan-
tity to identify it. The sixth component (36%) was starting
ketone. The seventh component (15%) was identified as a mix-
ture of the bicyclo[s.1.0]Jnonan-4-ols (13 and 14) by comparison

with authentic material.

B. Cyclohexane.—A solution of 1.0 g of 2 was photolyzed for
45 min; gc analysis showed two major products in addition to
starting material. Concentration and distillation gave 0.8 g of
crude product. The first product was identified as bicyclohexyl
by comparison with authentic material. The other two com-
ponents were identified as starting material (33%) and the
isomeric bicyclo [6.1.0] nonan-4-ols (67%).

C. Isopropyl Alcohol.—Photolysis of a 50-mg sample of 2in 5
ml of isopropyl alcohol led to a mixture of starting material (30%)
and the isomeric bicyclo[s .1.0]Jnonan-4-ols (3:1) (70%).

D. Benzene.—Photolysis of a 10-mg sample of 2 ind ml of
benzene in a Rayonet photochemical reactor with 3100-A lamps
led to a very slow decomposition of starting material with no dis-
crete product formation.

4,5-Epoxycyclooctanone (3).—A solution of 17 ml of 40% per-
acetic acid was added dropwise to a cooled, stirred mixture of 5.4
g of 4-cyclooctenone, 29 g of anhydrous sodium carbonate, and
100 ml of methylene chloride. The reaction was stirred at room
temperature for 48 hr, and the solid salts were removed by suction

filtration and washed thoroughly with additional methylene
chloride. The filtrate was washed with water, dried, and con-
centrated. The pasty residue was purified by sublimation to
give 5.0 g (82%) of 3. Low-temperature recrystallization from
ether and sublimation gave a pure sample: mp 85-86°; uv max
(hexane) 288 nm (e 13); ir (CCL) 5.86, 9.9, 10.4, 11.0, and 11.6
ijl] nmr very sharp, complex absorption pattern from 52.9 to 1.5.

Anal. calcd for CeHi202 C, 68.55; H, 8.63. Found: C,
68.54; H, 8 .88.

Photolysis of 3.—A solution of 1.1 g of 3 in 110 ml of cyclo-
hexane was irradiated for 1.25 hr. The solvent was removed to
give 0.7 g of crude product: ir 3.0, 5.85, and 9.6 p. The crude
product was stirred at 90° in excess hexamethyldisilazane for 18
hr. Three components in addition to 3 (32%) were isolated
from the product thus obtained by preparative gc. The first
product was bicyclohexyl. The second product (23%) dis-
played ir 3.5, 8.0, 9.4, 11.4, and 11.9 n\ nmr (100 MHz), 5
4.4-3.5 (m, 3, CHO), 2.3-1.1 (m, 10, CH2), and 0.1 (s, 9, CH3Si).

Anal. cCaled for CnH202Si: C, 61.66; H, 10.34. Found:
C, 61.72; H, 10.44.

The third product (45%) was 4,5-epoxycyclooctyl trimethyl-
silyl ether: ir 3.5, 8.0, 9.1, 9.6, 10.9, 11.1, 11.4, 11.9, and 13.4
ii ; nmr (100 MHz) $3.9 (m, 1, CHOSI), 2.75 (m, 2, epoxide H),
2.2-1.0 (m, 10, CH2), and 0.05 (s, 9, CH2Si).

Anal. cCalcd for CnH202:Si: C, 61.66; H, 10.34. Found:
C, 61.58; H, 10.29.

A solution of 46 mg of 3 in 4.6 ml of cyclohexane in a Pyrex test
tube was degassedoand irradiated in a Rayonet photochemical re-
actor with 3000-A bulbs for 6 hr. The solvent was removed
under reduced pressure, the residue was dissolved in 1 ml of dry
pyridine, and 0.4 ml of acetic anhydride was added. After
standing for 17 hr at room temperature, the mixture was diluted
with water and extracted with pentane. The pentane extract
was washed with 1 N hydrochloric acid and saturated sodium
carbonate solution and dried, and the solvent was removed. Gc¢
assay of the residue displayed two peaks in a 4:1 ratio. These
peaks were shown to have the same gc elution times as cis- and
trans-i,5-epoxycyclooctyl acetates (24 and 25) prepared by per-
acid oxndatlon of 4-cyclooctenyl acetate.

When the photolysis rvas repeated with an internal standard,
it was observed that more than half of the 3 was converted to
nonvolatile products.

Reaction of 3.—To a cooled, stirred slurry of 200 mg of lith-
ium aluminum hydride in 50 ml of anhydrous ether was added
dropwise 1.0 g of 3 in 10 ml of ether. The resulting mixture was
stirred at 0° for 3 hr, and hydrolysis was effected by addition of 2
ml of water. Magnesium sulfate was added, and the solid mate-

Found: C,
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rial was removed by suction filtration and washed with addi-
tional solvent. The filtrate was concentrated to give 0.9 g of a
viscous liquid which was stirred at 85° with 6 ml of hexamethyl-
disilazane for 30 hr. Gc analysis showed two products in a ratio
of 1:8 which were collected by preparative gc and were found to
be identical with the silyl ethers obtained from the photolysis of 3.

4,5-Epoxycyclooctyl Trimethylsilyl Ether.—A mixture of 0.75 g
of 4-cyclooetenol in 3 ml of hexamethyldisilazane was stirred at
85° for 48 hr. The resulting trimethylsilyl ether (0.5 g) was
collected by preparative gc and added to 25 ml of ice-cold methy-
lene chloride containing 10 g of anhydrous sodium carbonate, and a
methylene chloride solution of acetic acid-free peracetic acidzs
obtained from 1 ml of 40% peracetic acid was added. The result-
ing solution was stirred for 18 hr and then suction filtered. The
solid filter cake was washed with methylene chloride, and the
filtrate was concentrated to give a crude product from which the
trimethylsilyl ether of 20 was collected by preparative gc. This
material was identical with that obtained from the reactions de-
scribed above except for minor differences in the nmr attributable
to small amounts of the epimeric ether.

cis- and ir<ms-4,5-Epoxycyclooctyl Acetate (24 and 25).4—To
a solution of 0.78 g of 4-cyclooctenyl acetate in 50 ml of methylene
chloride at 0° was added 0.79 g of m-chloroperoxybenzoic acid in
small portions with swirling. After standing for 18 hr, the solu-
tion was washed with saturated sodium carbonate solution and
dried. Removal of the solvent gave a colorless oil: ir 5.77, 8.0,
9.7, and 9.8N- Gc analysis shotved a 3:1 ratio of 24 to 25.

Epoxidation of 4-Cyclooctenol.—To an ice-cold solution of
1.0 g of 4-cyclooctenol in 50 ml of methylene chloride was added
1.46 g of m-chloroperoxybenzoic acid in small portions with
swirling. After standing for 13 hr at room temperature, the
solution was washed with two 20-ml portions of saturated sodium
carbonate solution and dried, and the solvent was removed to
give 1.28 g of colorless oil.

To asolution of 0.5 g of the above mixture in 5 ml of dry pyr-
idine was added 1.88 ml of acetic anhydride. The solution was
allowed to stand at room temperature for 20 hr. After being
cooled to 0°, water was added slowly to hydrolyze the excess
acetic anhydride before dilution to 50 ml. The resulting solu-
tion was extracted with pentane. The pentane solution was
washed with 1 N hydrochloric acid and dried. Removal of the
solvent gave a colorless oil: ir 5.77, 8.0, 9.4, 9.6, 9.7, and 9.8 n-
Gc assay showed a 3:2 ratio of two peaks. The smaller of these
corresponds in gc elution time to the peak assigned as 24. The
larger peak corresponds in retention time to a gc inseparable
mixture of endo-9-oxabicyclo[4.2.1]non-2-yl acetate (26) and
ewfo-9-oxabicyclo[3.1.1]non-2-yl acetate (27) obtained by treat-
ment of 4-cyclooctenol with lead tetraacetate. 2

To a stirred, ice-cold solution of 0.5 g of the original epoxida-
tion mixture in 10 ml of acetone was added dropwise 8 N chromic
acid solution until the reagent color persisted. Excess oxidizing
agent was destroyed by the addition of isopropyl alcohol. The
mixture was diluted to 50 ml with water and stirred until the
chromium salts dissolved. The solution was extracted with pen-
tane, and the pentane solution was dried. The solvent was
removed to give a colorless oil. Gc analysis showed two peaks,
one of which corresponded to 3. The mixture was separated by
gc, and the second peak was shown by nmr analysis to be a 1:2
mixture of 28 and 29 by comparison of the ir and nmr spectra to
those of pure 295 and to a 1:1 mixture of the two ketones ob-
tained by lithium aluminum hydride reduction of the acetates
from treatment of 4-cyclooctenol with lead tetraacetate followed

byﬁ?ﬂ?t'?y“'ﬁ?ﬂ"’ %390-86-0 2, 20560465 3
WYL+ TG, = Dobe, o HGL

23- 1; 8405 6; 28405-54-1; 3-
cycIooctenXI acetate 895 bic cog]wlnonan
90-8; blcycI06 nonan-3-l,

25%99%69 2all¥%yclohexan%llc co . 4-cyclo-

octenyl “acetafe nonan-4-gl
acetate, 28405- 3? bic co£61ﬂn0nan-4- 28405-4
thy

5: 4 -gpoxycyclooctyl frim ilyl ether, 28405-53-0.

(23) J.K.Crandall and W. H. Machleder, J. Amer. Chem. Soc., 90, 7292

(1968).

(24) A. C Cope, B. S Fisher, W. Funke, J. M. Mclintosh, and M. A.
McKervey, J. Org. Chem., 34, 2231 (1969).

(25) A. C. Cope, M. A. McKervey, and N. M. Weinshenker, ibid., 34,

2229 (1969).
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Irradiation of bicyclo[6.1.0]nonan-3-one (1) in ieri-butyl alcohol gave 2-allylcyclohexanone (2), 3-vinylcyclo-

heptanone (3), and ieri-butyl non-g-enoate (4).

3-o0l (5) and the isomeric 3-(I-ethoxyethyl)bicyclo[6.1.0]Jnonan-3-ol (6).
gave bicyclo[6.1.0]nonan-4-ol (8) and the isomeric 4-(I-ethoxyethyl)bicyclo[6.1.0]nonan-4-ol (9).
alcohol, the ketone 7 gave mixtures of aldehydes 10 and 11 and ieri-butyl esters 12 and 13.

When irradiated in ether, the ketone 1 gave bicyclo[6.1.0]nonan-

In ether, bicyclo[6.1.0]nonan-4-one (7)
In ieri-butyl
Irradiation of cyclo-

octanone (14) in ieri-butyl alcohol gave the isomeric 2-(3-buten-I-yl)cvclobutanol (15) and ieri-butyl octanoate
(16). In ether, the ketone 14 gave cyclooctanol (17) and I-(I-ethoxyethyl)cyclooctanol (18).
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the pyrrohdlne enamine of cyclohexanone with allyl

Trﬂe nmr sp ectrum of 3 showed absorption for a
terminal va gir It also showed a sharp 4-
roton peak at 7.6, The structure of this compound

E § etermlned b%yhgdro%enatlng the V\}ﬁhoto \Aysaeofl
oy

Isolating 3-et ﬁ eptanone, which was Identi

gcom anson th an authen csahmﬁ)e prepared

ér ating’ 2-cyclo eJ)tenone with ethylmagnesium

di elnt e presence of a catalytic amount of"cuprous
chloride,

The nmr spectrum of 4 also showed absorption for a

terminal vinyl group, The ir spectrum showed ag

ester ansorption “at 730 cm-1 an ea s at 1400 an

1375 cm“laccount or a ufg u% The
stral%ture of 4 Was Ined % tmgoatte )\/N h] Eh

Zdrogenatm% it tot e ler- ¥ nona
was also “ind epe dently synthesized from nonanoic
acld and Isony \/V ene,
An attractive ratlﬂnale for the rnechanlsm of thl?
reactlor\ would Be the ormat|?n 0 %c¥c OP X
carbinyl radical by a cleavage, followed by rearfa

9) We ha le ed that Professor Crandall has also
chemistry of this compound. We thank Professor Crandall for informing

us of his results prior to publication.

studied the photo-
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ments to the ho moaIIyIrc radicals leading to the prod-
ucts, as shown below.

1

tert-BuOH |

In ether, the photol sis of 1took some\?rhat orffererht
course.  Photofeduction compete srgn cant t
ring openi e roducts were 2, 3 bicyclo

Th duct
nofan-3-0 (5%, the isomeric 3-(I-ethox th6y)]
bicyclo [6.1.0nonan-3-ol (6) In aratio of 32:10:

The ir spectrum as well as the retention. time on
glpc of 5 Was usentrcal with that o?the reéuctron prod
u to lwrth erther sodrum in-alcohol o lithium aumr
m f Ipc analysis on several 0poLar and nop-
olar columns did not Separate s Into the Isomeric
aIco ols, and the stereoc e |strg ofswasnot assrgned
emass spectrum of 6 showed a parent peak at m/e
212 and stron eaks at mze 139 and 13 indicating the
oss o the e r rou The ir sﬁectrum showed a
ea ora rox roup, andt e mr spectrum con-
|rmedt e rese ceo acyc opro [ proton.
Bic co 10 nonan-4 one as synthesized by
oxrda on cIooctenoI to cyclooctenone followed
by the |mmon Smrt reaction. ~ This route was found
to be superior to the alternative rou%e of thg Ermmogs
tsrglnlttro reactron on 4-cyclooctenol, tollowed by oxida-
The irradiation of 7 in ether yielded a mixture, of
three componenhs In a ratro of 832 60. The first
com onebnt witst6 foke one / an é e secon Was { en-
led as bicyclo nonn 0 e proguc
the same rryspeltrum ast e rodﬂrgt obtarn%d ?romt
oxymercuratron of brcyco 0Jnon-4-ene.  The se
reoc em trg of 8 was not eermrned
nent signed thT structure
of4 Iet oxyety |cycIo610nonan4o 9). 1he
masss ectrum of this compounad showed apparent peak
%Zan Stro peaks atm/e 138 and (3 indicat-
the 035 0 the ethie 8roup Th ernfrare spectrum
sh Wﬁd banas orahx Jgg upan an eth er roup,
and tenmrsﬁectru Indicated the presence of acyclo
propane proto
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In ;erf-but Xl alcohol, the ketoneT ave a mixture of
three cp p] ents maratr% 15:63. The presence

of an aldenyde group In t e first component was Indi-

cated ny thie irand nmr s ectra T e nmr spectrum
aIsorndrcateq that a terminal viny %r(pulp as resent
clyc o(pro y %rou was also indicated In t enmratr
asis of this evidence, structures 10 and

11 were tentatrvely assigned to this component.

O 0

12 13

The second component wgs the ketone 7 while the
third wasamrxture 0 ¢erf utyl esters, _ The Ir spec
tru showed a carbonyl a sor{ptron at 1735 ¢cm-1, a
banas tlz‘OO and 1365cm1 drcatrng hepresence of
a cerf-outy rou The cyclopropyl“a Etron Was
alsh rndrcatde h\e nmr spectrum at r 10,1 Bgsed
on this evi ence t e Isomeric structures of 12 an
were ssrg ed to this comp?net
e mechanrsm ort 1S reactron IS primary =
ceavaoe fo OW ogen a str ctron to form
either the aldehydes orte etenes.  The ketenes t en
can react with the ¢erf-butyl alcohol to form the prod-
ucts.

o

tert-BuOH
12

For purgoses of comparrson cycIooctanone (14) Was
otol(pze D Irradiation of .14 In cerf-butyl alcohol
IXture whrch contained three components In

a ratro of 15:79:6. The structure |r%t com-
ponent_was assigned as % 3- uten utanol
(15).  The nmr spectrum of this compo en rn |cated a

16

ter inal vr roup and two different protons a to
”b rox gr?u gaceh mtegratrng to Eofa roton

matr n of this strug Ure Was ma oxr rzrng
t e cryde photolysate and isolating the cy co butanon
ormed which had an Infrared absorptron for the car-

bon}r grou adt

The sec component of the mixture was cyclo-
octanone and the third product, which showed an ester
absorption In the Ir spectrum, was Shown 10 De tert-

(10) N. C. Yang, Abstracts, 137th National Meeting of the American
Chemical Society, Cleveland, Ohio, 1960, No. 0-53.
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octanoic acjd and I Ene.

but%WI octanoate 16 g( independent synthesis from
roducts 15 an probably arise from - cIeav

Y]r byh dro en atomt nsfer toJ either
tea ?/eor tneTeadehetenre
arranges 0 the alcoh o y a type |l re rrangement,

hile“the ketene reacts wrth ¢erf-butyl alcohol™to give
the ester.

mrxtur ee components, but in a ratio of 6
?/ were identified as 14 and ¢ cooctano n¥
ther retention times,  The structute of the third Co
one t w%s assigned aﬁ 1-(1-ethox (ithy])c clooctanol
ased on carpon- dydro en ana q spectral
The nmr showe proton a sorﬂtron at r

The e)h?tt?rl sis of ?clooctagone in ether a}so Zrtrave a

6.2-70 Sprotons a {0 the et ereaI ox gen and 6 [0-
ton aP rption at 1 8.9 XY % H ?g ere
Wasasoapea att845w |c |nt rated for 14 pro-

tons., The ir showed a band at 3578 cm-1, su estrn
a gerf-hy roxyfgroup ggesting

In ¢ eIo exane the thotollysrs of 14 ave C¥]C|8
tanol d sever molecul ar 8 ro-
carbons A) ) Inad |t|on o 14 (9%). ur han s

In the solvents we used, We were unab e to frnd brc co
30Loetan -|-ol previous| re orted b Iﬁ
er, 1 eexaﬁ T xperimental ndrtronsun ich thrs
|ce rgr“t?rea %o was formed was not aval abe In the

The p hotochemrsth of lietones lang 7 and cyclooc
tanone ‘are remarkably solvent d e en ent o ar,
H lahydro en onathng soIvents h a fe?-f-hutyl alco-
0 acevaerst evﬁlrmar mode of hotoreactron
n less polar ovent1 ere h drogen donation IS poss|-
le, such as ether, photoreduction Becomes the predomi-
nant pathway.
How the cyclopro Lgroup agfects the reactivit of
the?]e com oun S Ca comparing the
toc emrstsy Land 7 to that of cyclooctanone. T e
ketope, 1 splits open quickly in Gerf -butyl_alcohol to
{reld r]lng contrac ed odnc s and estgrs The ketone
In this case Is com etet( consume within 15 mrn
srmrI inhar\n r, the ketone 7%) Its open ra@
¢er n alco ut 15% ofrt Is [eft unchange the
en r.Ip contr%t] C eooctanone IS onsumed
more SIOYIVUS ewd 79% of the ketone Is left at t eend of

Clopro roup must have a definite
m?{uence ont ere%ctr |t)%f9he t\FAJroTtncyclrcietones

Moon and Bohm

It is significant tha the components. of the products

from the photolysis of the ketone 7 maintain the cyclo-

ro ane rrnq whereas those from the ketone 1 do not.
Ret er, the reiults are qurtedrffﬁrent The Iaetong
1 splifs open raprd}ragam and also shows p otore uce
products. Thus, the T clogropane ring must stil] have
con?]rderable infllien (ee on the reactivity of this molgcule
the etone?an gyc ooctanone onIy hotoreduced
r%ro ducts are observed. Here the cycl opropane ring in
does not seem to Influence the reactivity of this ke-

r]Iewo ?eneralrzatrons seem to come from the Photo
chemrst of these bicyclic ketones. _The first is that
t}e solvent seems to haveadstm t effect on the course

the reaction. The second is that the ﬂroxrmrt y of
the cyelopropy grou wrtn respect to the car on¥
grogpr%ays art important role in the formation of these
products

Experimental Sectionll

Bicyclo[6.1.0]nonan-3-0l (5).122—To a rapidly stirring solution
of 46.8 g of the zinc-copper couples in 150 ml of anhydrous
ether was added a small crystal of iodine. When the brown color
was discharged, a mixture of 3-cyclooctenols(25.6 g, 0.203 mol)
and methylene iodide (69 g, 0.257 mol) was added dropwise.
When all the alcohol was added, the mixture was refluxed for 72
hr.ie  The mixture was then cooled and the solids were removed
by filtration. The solids were washed with ether and the com-
bined ether extracts were washed with two 50-ml portions of
saturated ammonium chloride solution and two 50-ml portions of
saturated sodium carbonate solution, dried (MgSCh), and con-
centrated. Glpc analysis indicated that the product consisted of
an equal amount of 3-cyclooctenol and 5. Fractional distillation
gave 7.6 g of 3-cyclooctenol, bp 108-112° (20 mm), and 114 g
(40%) of 5, bp 128-132° (20 mm): ir (CCl«) 3350, 3060, 1110,
1050 cm“2%, nmr (CC1)) r 6.2 (m, 1 H), 7.6-9.7 (m, 14 H), 10.2
(m, 1 H).

Anal. caled for CoH,0,:
C, 77.16; H, 11.32.

Bicyclo[6.1.0]Jnonan-3-one (1).—To 4.0 g (0.0285 mol) of
bicyclo[6.1.0]nonan-3-0l (5) in 100 ml of acetone was added
dropwise a chromic acid solution prepared from 3.7 g of chromic
anhydride, 3.3 ml of concentrated sulfuric acid, and 13 ml of
water. The temperature of the reaction flask was not allowed to
rise above 35° and the addition was continued until the orange
color persisted for 1 min. The residual green salts were re-
moved by filtration and washed with two 25-ml portions of ace-
tone. The combined acetone extract was stirred with 5 g of
solid NaHCCh for 0.5 hr. The solids were removed and the
acetone layer was concentrated by distillation over a steam bath
until 90 ml of acetone was collected. The residual water layer
was extracted with three 50-ml portions of ether and the ether
layer was dried (MgSO,) and concentrated. Distillation of the
crude product afforded 2.5 g (63%) of 1, bp 44-48° (0.3 mm):
ir (CC14) 3060, 1700 cm-1; nmr (CC14) r 6.95-8.9 (broad, 13 H),
9.85 (m, 1H).

Irradiation of 1 in Ether.—A solution of 0.73 g (0.0053 mol)
of 16 in 250 ml of anhydrous ether was irradiated for 3 hr with a

C, 77.08; H, 11.50. Found:

(11) Nmr spectra were determined on a Varian A-60 spectrophotometer;
chemical shifts are reported in r values in parts per million using tetra-
methylsilane (TMS) as an internal standard

corded on a Perkin-Elmer Model 257 grating infrared spectrophotometer.

Infrared spectra were re-

Gas chromatography was performed on an F & M Model 720 thermal con-
ductivity gas chromatograph using 2- or 4-ft columns containing 20% neo-
pentyl glycol succinate (NGS) on Chromosorb W, 20% silicone grease on
Chromosorb W, and 30% silicone fluid F50 on Chromosorb P Boiling
points areuncorrected.

(12) A.C.Copeand G. L. Woo, J. Amer. Chem. Soc., 85, 3601 (1963).

(13) R.D.Smith and H. E. Simmons, Org. Syn., 41, 72 (1961).

(14) (a) A. C. Cope and P. E. Peterson, J. Amer. Chem. Soc., 81, 1643
(1959); (b) J. K. Crandall, D. B. Banks, R. A. Colyer, R. J. Watkins, and
J.P.Arrington, J. Org. Chem., 33,423 (1968).

(15) The reaction can be very exothermicin the first2 hr.

(16) All compounds which were photolyzed were purified by distillation

followed by isolation by glpc.
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550-W Hanovia mercury vapor lamp in an immersion well ap-
paratus fitted with a Corex filter.

Gas chromatographic analysis (silicon grease, 140°) of the
photolysis product indicated the presence of four products:
2-allylcyclohexanone (2, 32% ), 3-vinylcycloheptanone (3, 10%),
bicyclo[6.1.0]nonan-3-0l (5, 26%), and the isomeric 3-(I-ethoxy-
ethyl)bicyclo[6.1.0]Jnonan-3-ol (6, 26%).

A sample of 2 was isolated by glpc and identified by comparison
of its glpc retention time and nmr and infrared spectra with those
of an authentic sample prepared by the method of Stork.iz A
sample of 2 isolated by glpc exhibited the following spectral
properties: ir (CC14) 3090, 2940, 2870, 1715, 1645, 1000, 922
cm-1; nmr (CCh) r 45 (m, 1 H), 49 (m, 1H), 52 (m, 1 H),
7.5- 8.9 (m, 11 H).

A sample of 3, also isolated by glpc, exhibited the following
spectral properties: ir (CC14), 3080, 1705, 1645, 1000, 922 cm-1;
nmr (CCh) r 4.05-4.8 (m, : H), 5.0 (d, 1 H), 5.2 (m, 1 H), 7.5-9.1
(11 H).

Anal. calcd for C)H,,0:
78.20; H, 9.92.

A sample of 6 had the following spectral properties: ir (CC1<)
3580, 3080, 2990, 2930, 1100 cm“», nmr (CCh) r 6.3-6.9 (3, m),
7.6- 9.5 (20), 10.3 (1, m); mass spectrum (70 eV) m/e 212, 139,
73

C, 78.21; H, 10.21. Found: C,

Anal. calcd for CisH402 C, 73.53; H, 11.39. Found: C,
73.61; H, 11.22.

Irradiation of 1 in ¢erf-Butyl Alcohol.—A solution of 1.0 g of 1
in 250 ml of freshly distilled ¢erf-butyl alcohol was irradiated
through a Corex filter for 3 hr. Removal of the ;erf-butyl alcohol
by distillation through a Vigreux column afforded 0.97 g of a
colorless liquid. Gas chromatographic analysis (silicone grease,
140°) indicated the presence of 2 (46%), 3 (15%), and ;erf-butyl
non-g-enoate (4, 23%). In addition, there was a component
(14%) which was an unresolvable mixture of compounds. Its
infrared and nmr spectra indicated the presence of an aldehyde.
A sample of 4, isolated by glpc, exhibited the following spectral
properties: ir (CCh) 3080, 1735, 1400, 1375, 1160, 1000, 920
cm-1; nmr (CCh) r 4.1-4.6 (m, 1 H), 4.75-4.95 (m, 1 Il), 525
(m, 1H), 7.8 (m, 4 H), 8.65 (m, 17 H).

Anal. calcd for Cisll02 C, 73.53; 11,11.39.
73.50; H, 11.24.

Hydrogenation of the Photoproduct of 1.—A solution of 0.410 g
of the photoproduct cf 1 in ;erf-butyl alcohol in 100 ml of ether
was hydrogenated at 40 Ib of pressure over 5% palladium on
charcoal for 24 hr. Isolation of the crude product yielded 0.305 g
(74.5%).

Glpc analysis (silicone oil, 160°) indicated the presence of nine
peaks. 2-Propylcyclohexanone (19, 43%), isolated by glpc, was
identified by comparison of the ir and nmr spectra with those with
an authentic sample obtained by hydrogenating 2-allylcyclohex-
anone. 3-Ethylcycloheptanone (20, 12%), isolated by glpc, was
identified by comparison of the ir and nmr spectra with those of
an authentic sample prepared as described below. Nonanoic
acid (21, 8%) and ¢erf-butyl nonanoate (22, 8%) were not sepa-
rated on the silicone column, but they could be separated on the
NGS column. Samples of 21 and 22 were first isolated on the
silicone oil column as one peak and further isolated on the NGS
column and identified by comparison of their infrared spectrum
with those of authentic samples. There were five other com-
ponents corresponding to 2 1% which were not identified.

3-Ethylcycloheptanone (20).18—To a solution of ethylmag-
nesium iodide prepared from 0.8 g of magnesium turnings and
ethyl iodide (2.12 g, 0.9136 mol) in 50 ml of dry ether was added
0.1 g of cuprous chloride. The mixture was stirred for 5 min.
The solution was cooled to 0 ° and a solution of 1.0 g (0.0091 mol)
of 2-cycloheptenonelSin 10 ml of ether was added slowly. The
mixture was stirred overnight at room temperature and poured
into ice, and 2 ml of 20% H2S04 was added. The mixture was
extracted with three 25-ml portions of ether and the combined
ether layers were washed with 25 ml of 10% sodium thiosulfate
solution, dried (MgSCL), and concentrated. Glpc analysis
(NGS, 140°) of the crude material indicated that it was homo-
geneous. The crude product was distilled yielding 0.4 g (40%) of
20, bp 75-77° (20 mm) [lit.89122-125° (100 mm)]: ir (CCh)
2940, 2870, 1705, 1415, 1405, 1390, 1365, 1330, 1260 cm-1

Found: C,

(17) G. Stork, A. Brizzolarra, H Landesman, J. Szmuskovicz, and R.
Terrell, J. Amer. Chem. Soc., 85, 207 (1963).

(18) T. Nozoe, T. Mukai, and S. Matsumoto, Proc. Jap. Acad., 27, 110
(1951).

(19) N.Heap and G. W hitham, J. Chem. Soc. B, 164 (1966).
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nmr (CCh) « 7.45 (m, 4 H), 7.65-8.55 (broad, 9 H), and 8.9 (t,
3H).

cerf-Butyl Nonanoate (22).—A solution of 10 g (0.064 mol) of
nonanoic acid, 7 ml (co. 0.127 mol) of isobutylene, 1 ml of con-
centrated H2S04, and 75 ml of ether was placed in a pressure
bottle and shaken overnight. The contents were then poured
into an ice-cold mixture of 7 g of NaOH in 50 ml of water. The
mixture was kept cold and stirred for 10 min. The ether layer
was then washed with two 25-ml portions of water, dried (Mg-
S04), and concentrated. The crude product was distilled
yielding 5.4 g (39%) of 22, bp 70-71° (0.4 mm): ir (CCh) 2940,
2870, 1735, 1400,1375, 1150 cm*“1, nmr (CCh) ts.0 (m,2 H), 8.8
(m,21H), 9.2 (t, 3H).

Anal. calcd for CisHx02 C, 72.84; H, 12 .22.
72.84; H, 12.05.

Reduction of 1 with Lithium Aluminum Hydride.—A solution
of 0.2 g (0.0145 mol) of 1and 0.1 g (0.00264 mol) of lithium alumi-
num hydride in 50 ml of ether was heated to reflux for 2 hr. At
the end of this period, 2 ml of water was added and the mixture
was dried (MgSCL). The solids were removed and the ether
layer was concentrated. Glpc analysis of the crude product indi-
cated that it consisted of one major peak which had the same
retention time as 5. The ir spectrum of this product was also
identical with that of 5.

Reduction of 1 with Sodium in Ethanol.—A solution of 0.2 g
(0.0014 mol) of the ketone 1, 0.2 g (0.0087 g-atom) of sodium, and
25 ml of ethanol in 50 ml of toluene was refluxed for 2.5 hr,
cooled, and washed with two 25-ml portions of 3% HC1. The
toluene layer was dried (MgSCL) and concentrated. Glpc anal-
ysis of the crude mixture indicated that one major peak was
present which had the same retention time as 5. The ir spec-
trum of this fraction was identical with that of 5.

Irradiation of Cyclooctanone (14) in ;«¢-Butyl Alcohol.—A
solution of 2.2 g of cyclooctanone in 250 ml of ether was irradiated
for 3-hr through a Corex filter. The erf-butyl alcohol solution
was then concentrated. Glpc analysis of the crude photolysate
indicated the presence of three products in a ratio of 15:79:6.
The first component was assigned the structure of 2-(3-buten-I-
yl)cyclobuianol (15) based on the ir and nmr spectra: ir (CCh)
3620, 3340, 3080, 4645, 1120, 1000, 920 cm“L nmr (CCh)
r4.0-4.7 (m, 1H), 4.8-5.3 (t, 2 H), 5.7 (m, V2H), 6.3 (m, '/211),
6.4 (s, 1),7.6-8.4 (m, 9H).

Anal. calcd for CsHi0:
75.94; H, 10.87.

The second component was shown to be cyclooctanone (14) by
comparison of the retention time on glpc and by comparison of
the ir spectrum of the product isolated from chromatography
with those of the authentic sample.

The third product was identified as ¢erf-butyl octanoate (16) by
comparison of its ir and nmr spectra with those of an authentic
sample prepared as described below.

Irradiation of Cyclooctanone (14) in Ether.—A solution of 5 g of
cyclooctanone in 250 ml of ether was irradiated for 3 hr through
a Corexfilter. The ether layer was concentrated. Glpc analysis
of the crude product indicated the presence of three components
in a ratio of 6:48:46. The first and second components were
identified as cyclooctanone and cyclooctanol, respectively, by
comparison of the retention times and ir spectra with those of
authentic samples.

The structure of the third product was assigned as I-(ethoxy-
ethyl)cyclooctanol (18): ir (CC14) 3570, 2930, 1100 cm-1; nmr
(CCh) r 6.2-6.9 (m, 3 H), 8.05 (s, 1 H), 8.15-8.65 (14 H), 8.7-
9.1 (m, s H).

Anal. caled for CicH202 C, 71.95; II,
C,72.16; H,12.21.

;«m;-Butyl Octanoate (16).—A solution of 10.0 g (0.069 mol) of
octanoic acid, 2 ml of H2S04, and 20 ml of isobutylene (Ca. 0.364
mol) in 75 ml of ether was placed in a pressure bottle and shaken
overnight. The mixture was then poured into an ice-cold solu-
tion of 7 g of NaOH in 50 ml of water and stirred for 10 min.
The ether layer was separated and washed with two 25-ml por-
tions of water, dried (MgSCL), and concentrated. The product
was distilled yielding 4.7 g (33.7%) of 16, bp 55-57° (0.5 mm):
ir (CCh) 2940, 1735, 1400, 1375, 1155 cm"L nmr (CCh) r 7.8
(m, 2 H), 8.3-8.9 (M, 19 H), 9.0-9.3 (m, 3 H).

Anal.” calcd for CeH202 C, 71.95; H, 12.08.
71.90; H, 12.00.

Bicyclo[6.1.0]nonan-4-one (7).—To a mixture of 18 g of the
zinc-copper couple in 100 ml of ether was added a crystal of
iodine. When the brown color was discharged, a mixture of 31 g

Found: C,

C, 76.13; H, 11.18. Found: C,

12.08. Found:

Found: C,



1438 J. Org. Chem., Vol. 36, No. 10, 1971

(0.248 mol) of 4-cyclooetenonets and 73 g (0.27 mol) of methyl-
ene iodide was added in one portion. The mixture was refluxed
for 2 days, after which glpc analysis of the ether solution indi-
cated that the reaction had only gone to a small extent (co. 30%).
Another 18 g of the zinc-copper couple was added to the mixture
and this was followed by another 73 g (0.27 mol) of methylene
iodide. The mixture was then refluxed for another 2 days.
The mixture was then filtered and the filtrate was washed with
two 100-ml portions of a 5% HC1 solution, two 100-ml portions of
saturated Na2Co3 solution, and two 100-ml portions of water,
dried (MgSO<), and concentrated. The product was distilled,
yielding 16.2 g (47%) of 7, bp 97-100° (15 mm). Glpc analysis
of the distilled product indicated that two products were present
in a ratio of 16:84. The first product was 4-cyclooctenone,
while the second was bicyclo[6.1.0]Jnonan-4-one (7): ir (CCU)
3075, 3000, 2940, 2870, 1705, 1355, 1345, 1170 cm"% nmr (CD-
Cls) T7.4-8.7 (10 H), 9.3 (m, 3H), 10.15 (m, 1H).4

Irradiation of 7 in Ether.—A solution of 0.66 g of 7 in 250 ml of
ether was irradiated for 3 hr through a Corex filter. At the end
of this period, the ether layer was concentrated. Glpc analysis
of the crude product indicated the presence of three products
ratio of 8:32:60. The first product had the same retention
time and ir spectrum as 7. The second product was bicyclo-
[6.1.0]lnonan-4-0l (8): ir (CCU) 3610, 3320, 3070, 3000, 2920,
2860, 1030 cm-1; nmr (CC14) r 59 (m, 1 H), 6.6 (s, t H), 7.5-
9.1 (m, 13H), 10.1 (m,IH).

Anal. calcd for CoHieD:
77.11; H, 11.65.

The third product was assigned the structure of 4-(l-ethoxy-
ethyl)bicyclo[6.1.0]nonan-4-ol (9): ir (CCU) 3570, 3080, 1110
cm-1; nmr (CCU) « 6.1-7.0 (m, 3 H), 7.6-9.0 (broad, 17 H),
9.2 (m, 3 H), 10.15 (m, 1 H); mass spectrum (70 eV) m/e 212,
139,73.

Anal. caled for CisHao 2 C, 73.53; H, 11.39.
C, 73.70; H, 11.20.

C, 77.08; H, 11.50. Found: C,

Found:

N otes

Ynamines from I,I-Difluoro-2-aryl-
and -2-alkylethylenes
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The ynamines 23 and 4) are a weII known clfass of
organic oomriound ha ebeent esu ect of a re
vi wartrg served recenftyt atl< ion of
rér lethy Iamr eon a 1 1-difldoroalkene (1 or a
|quorostyrene 2) is a convenient, general Tabora-

RCH=CF2 + 2LiN(C2Hs5)2— > RC=CN(Czlls)2
1 3

ArCH=CF2 + 2LiN(C2H52— > ArC=CN(C2Hs)2

2 4

(1) H. G. Viehe, Angew. Chem., Int. Ed. Engl., 6, 767 (1967).

Notes

Oxymercuration of Bicyclo[6.1.0]non-4-ene.—To a solution of
3.19 ¢ (0.01 mol) of Hg(OAc)2in 10 ml of tetrahydrofuran and 10
ml of water was added 1.08 g (0.01 mol) of bicyclo[6.1.0]non-4-
ene.o The mixture was stirred for 10 min. To the solution was
added a 10-ml solution of 3M NaOH and this was followed by a
10-ml solution of 3M NaBlI(in3 M NaOH solution. The mer-
cury was allowed to settle, and the mixture was saturated with
NaCl. The upper layer was separated, dried (MgSO«), and
concentrated. Glpc analysis indicated that one major fraction
is present which has the same retention time and ir spectrum as
those of 8.

Irradiation of 7 in tert-Butyl Alcohol.—A sample of 1.24 g of
bicyclo[6.1.0]nonan-4-one (7) was irradiated through a Corex
filter for 3 hr. The solution was then concentrated. Glpc
analysis of the crude product on silicone grease (130°) indicated
the presence of three products in a ratio of 22:15:62. The first
product is believed to be a mixture of the aldehyde 10 and 11:
ir (CSj) 3080, 3000, 2720, 1730 cm“L nmr (CCU) r 0.34 (m, 1H),
3.7-4.7 (m, 1H) 4.75-5.25 (m, 2 H), 7.2-9.5 (m, 9), 10.05 (m, 1
H). The second product had the same retention time and ir
spectrum as 7.

The third product is believed to be a mixture of the ieri-butyl
esters 12 and 13: ir (CCU) 3070, 2990, 1735, 1400, 1375, 1160
cm“L nmr (CCU) r 7.6-8.0 (m, 2 H), 8.2-8.9 (15 H), 8.9-9.2
(m, 3H), 9.35 (m, 3H), 10.2 (m, 1 H).

Anal. caled for CisH202 C, 7353; H, 11.39. Found:
C, 73.37; H, 11.05.

Registry No.—1, 28399 80-2: 2 94-60-6, 28399
04-):" 4 “28405-45-0: 6, 28405-46-1. 7, 28405-41

8,28405-40-5; 9,28405-48-3: 14 502 49 8: 15, 28405
49-4; 16,5457-66-9; 18,28405-50-7; 22,23405-52-9,

(20) H. E. Simmons, E. P. Blanchard, and H. D. Harteler, J. Org. Chem .,
31,295 (1966).

tory route {0 wnamrnes (‘3 and 4).2 1and 2 are ob-
tarned readily from aliphatic or aromatic aldeh des and
sodium chIorodrquor?acetate bytheBroce ure 6f Fuqua,
et ar,3aNd an overall yield or"30-40% o the Yna Ine
was obtained from the commerciall avarla e ald l}/de
The aromatic _ynamines were pale eow
whereas he aliphatic compounds were co orl esg
were sta e at room temper Bure and, as expecte
8 naracteristic strong band at '2220 ¢m-1 in t

|n rared spectrum.1

The proton frnd fluorine nmr spectra of 1 and 2 were
recorded 2 All the spectra were 12-line ABX
patterns an VIRre rea ryrnterpreted on this basis as-
sumrnﬁth ta1jF((rang) > g It IS interestin to
notet at the chemical shrfts ofth quorrne atomso T
dif uorosh(/rene are at low rfreId hose o
diflyoroalkenes, anp J [hl icantly, crs to th e en I|
rrng IS at ower than F- tran t0 the heny
rng). A similar pattern Is %een in the pm %ectra o
the rotonated series where the roton crﬁ]tot
ring of styrene appears at lower field than the tra s
(2) When this work was initiated, the author was unaware of H. G.
Viehe, U.S. Patent 3,369,047 (1968), which claims but does not give examples

(3) S. A. Fuqua, W. G. Duncan, and R. M. Silverstein, J. Org. Chem., 30,
1027 (1965).
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Tabre |
Nmr Parameters por 1,1-Difltjoro-2-aryl(alkyl)ethylenes
Ar(R) F«>
\ /
c=C
/ \
H F@
«Chemical shift-
(F-2) - (F-1), s 7, Hz
Ar or R group Registry no. H,S F-2, ppm F-1, ppm ppm HF-I HF-2 FF
CH3(CH2)a 4980-67-0 4.07 90.1 92.8 -2.7 25 3.5 49
CH3(CH2)s 592-93-8 4.06 90.5 93.0 -2.5 25 35 50
coh6 405-42-5 5.13 85.4 83.6 1.8 26 45 33
4-CH3CeH4 28321-07-5 5.13 86.4 84.3 2.1 26 45 34
4-CH30CeH4 1608-24-8 5.13 87.7 86.0 1.7 25 4.5 38
4-CIC«H4 28321-09-7 5.15 83.7 82.0 1.7 26 45 31
2-CH3CeH4 28321-10-0 5.25 85.1 86.0 -0.9 24 55 2
2-CIC, Ha4 28321-11-1 5.65 86.8 87.9 -1 25 4.5 28
°A>C=C/H 28321-12-2 4.90 88.4 86.7 1.7 24 2.0 28
roton,4which is at: lower field than the %em viny lﬂP Anal. Calcd for CsHsCIF2 C, 55.03; H, 2.89; Cl, 20.31.
%nfs 0; % alkenes5 The anomalous Iow leld che ical ~ Found: C, 548 H 2-9t1y: ch.205. oluald
-Methyl-/3,/3-dITluorostyrene was optaine rom o-tolualde-
3 Itt ort thm rotons t St renet aS e?r% eXp alne hyde: bp 59-61° (20 mm); 44% vyield; w'd 1.4909; infrared
In erms of lamagnetic aniso r0 eé) bands at 1730, 1450, 1335, 1235, 1205, 1165, 935, 815, and 745
I’Iﬂg A simifar argu ent can |e X cm-1.
it t|Ve|a/ the low F-I and F2(;he 5h|ft ues Anal. Caled for CoHsF2 C, 70.10; H, 5.23; F, 24.65.
dif orostyrene relative to 1 , UOI’O& enes. Found: C,69.7; H, 513; F, 24.7.

!)f he posdtlon of A 3-dif L%)roshyrene |s substituted.
F-l F-2 are snift e same amount and
H the same dlrech%n of f|eId The hifts observed are
those aptici a% ased on the Inguctive and meso-
meric effects of the particular substitugnt. The effect
of a 2 substltuent on the fluorine chemical shift 1s more

H]rh ex ah aucFy of data precluges the estﬁb
ent of a dISC miblg pattern. DYIT (I;molecu ar
mo els show that the aryl r|n and vinyl system are not
coPIanar In the 2-substituted compounds and, as are-
sult, one would expect F-I to h hielded by the, aro-
matic ring currents.  Presumah Y the electronic effects
of the substituent are also important; however, a better
understanqu of all the systems presented in Table |
must await future studies.

Experimental Section

Infrared spectra were obtained on neat samples. Proton nmr
(pmr) spectra were recorded at 60 MHz and fluorine spectra at
56.4 MHz in carbon tetrachloride solution. Internal references,
tetramethylsilane and trichlorofluoromethane, were used. Proton
chemical shifts are 5values; fluorine chemical shifts are upfield
from the reference. The abbreviations s, d, t, g, and m refer to
singlet, doublet, triplet, quartet, and multiplet.

(3,/3-Difluorostyrenes and 1,1-Difluoroalkenes.—The procedure
of Fuqua, et al.,3 was used with only minor modification.

2-Chloro-/3,/3-difluorostyrene was obtained from o-chloro-
benzaldehyde: bp 60-61° (13 mm); 66% yield;, ra&d 1.5118;
infrared bands at 1730, 1470, 1430, 1340, 1275, 1235, 1175, 1125,
1030, 945, 815, and 748 cm"L1

Anal. calcd for CeHsC1F2: C, 55.03; H, 2.89; F, 21.76.
Found: C, 54.8; H, 2.98; F, 22.3.

4-Chloro-/3,j3-difluorostyrene was obtained from p-chlorobenz-
aldehyde: bp 67-71° (15 mm); 17% vyield; nZD 1.5169; in-
frared bands at 1730, 1485, 1350, 1245, 1165, 1090, 1010, 938,
and 840 cm-1.

(4) C. N.Banwell and N. Sheppard, Mol. Phys., 3, 351 (1960).
(5) A. A. Bothner-By and C. Naar-Colin, J. Amer. Chem. Soc.,
(1961).

83, 231

4-Methyl-/3,/3-difluorostyrene was obtained from p-tolualde-

hyde: bp 63-64° (22 mm); 35% vyield; raed 1.4909; infrared
bands at 1725, 1340, 1240, 935, and 830 cm-1.

Anal. Found: C, 69.8; H, 5.41; F, 24.6.

1.1- Difluoro-4-phenyl-frares-1,3-butadiene was obtained from

irans-cinnamaldehyde: bp 66-67° (2.0 mm); 40% yield; nZD
1.5535; infrared bands at 1730, 1355, 1330, 1295, 1275, 1190,
965, 935, 830, 745, and 688 cm“1

Anal. calcd for CioHsF2 C, 72.26; H, 4.85; F, 22.86.
Found: C, 72.0; H, 4.96; F, 23.2.

1.1- Difluoro-lI-heptene was obtained from hexanal: bp 94-
96°; 49% vyield; rZ&d 1.3669; infrared bands at 2960, 2880,
1740, 1460, 1315, 1200, 1170, 1120, 1040, 930, and 800 cm*“1

Anal. caled for C,HRF2 C, 62.66; H, 9.02; F, 28.32.
Found: C, 62.8; H, 9.10; F, 28.1.

Preparation of Ynamines. General Procedure.—The appara-
tus consisted of a 1-1. two-necked flask equipped with magnetic
stirrer and fitted with a serum cap and Claisen adapter on which
were placed a dropping funnel and a condenser with nitrogen
bubbler. From a syringe, 90 ml (144 mmol) of 1.6 M n-butyl-
lithium in hexanes was placed in the flask through the serum cap
in a nitrogen atmosphere. A solution of 14.85 ml of diethylamine
in 55 ml of ether was placed in the dropping funnel and the butyl-
lithium solution was cooled in an ice bath. The amine solution
was added, with stirring, over 30 min. After the addition, 64.3
mmol of neat difluoro compound was placed in the dropping
funnel and the ice bath was replaced with a Dry Ice-acetone
bath. The difluoro compound was added during 10-15 min and
the funnel was rinsed with several milliliters of ether which was
also added to the reaction vessel. The cooling bath was removed
and the mixture warmed slowly. In the case of the aryl difluoro
compounds, at some temperature below o°, a rapid reaction
occurred with vigorous gas evolution.  This was not noted with the
alkyl derivatives where the reaction was much more moderate.
The reaction mixture was brought to room temperature and
stirred overnight under nitrogen. Solids were removed by filtra-
tion and washed with hexane, all under a nitrogen blanket. The
filtrates were concentrated on the water pump and the residue
was distilled in vacuo.

iV,iV-Diethylphenylethynylamine was obtained from 0,/3-di-
fluorostyrene: bp 87-91° (45 mm); 73% vyield; nZD 1.5618;
infrared bands at 2980, 2880, 2220, 1600, 1375, 1355, 1330, 1185,
1070, 750, and 688 cm-1 (the spectrum was essentially identical

(6) Foote Mineral Co., Exton, Pa.
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with the published spectrum);7 pmr resonances at s 1.22 (t,
6 H), 2.95 (q, 4 H), 7.20 (m, 5 H).

iV,iV-Diethyl-4-methoxyphenylethynylamme was obtained from
4-methoxy- | 8,/3-difluorostyrene: bp 98-100° (0.08 mm); 77%
yield; nZD 1.5106; infrared bands at 2950, 2220, 1600, 1500,
1455, 1405, 1390, 1365, 1320, 1280, 1240, 1180, 1030, 830, and
760 cm-1; pmr resonances at 5 1.22 (t, e H), 2.93 (q, 4 H),
3.68 (s, 3 H), 6.73 and 7.20 (AB quartet, 4 H).

Anal. calcd for CisH,NO: C, 76.80; H, 8.43; N, 6.89.
Found: C, 76.6; H, 8.64; N, 7.17.

iV,Y-Diethyl-2 -chlorophenylethynylamine was obtained from
2-chloro-| 3,/3-difluorostyrene: bp 84-86° (0.03 mm); 84% yield;
nKa 1.5785; infrared bands at 2980, 2850, 2220, 1600, 1435,
1415, 1380, 1340, 1250, 1190, 1080, 1050, 1030, and 745 cm*“1,
pmr resonances at 5 1.27 (t, 6 H), 3.00 (q, 4 H), 7.10 (m, 4 H).

Anal. calcd for Ci2H,CIN: C, 69.39; H, 6.79; Cl, 17.07;
N, 6.74. Found: C, 69.0; H, 6.96; Cl, 16.8; N, 7.36.

Ar,Ar-Diethyl-4-chlorophenylethynylamine was obtained from
4-chloro-/3,(3-difluorostyrene: bp 87-89° (0.03 mm); 67% vyield;
nZD 1.5772; infrared bands at 2950, 2220, 1490, 1185, 1170,
1090, 1060, 1010, and 823 cm-1; pmr resonances at 5 1.22 (t, 6
H), 2.95 (q, 4 H), 7.28 (s, 4 H).

Anal. Found: C, 69.1; H, 6.96; ClI, 16.9; N, 7.23.

Y,Y-Diethyl-o-tolylethynylamine was obtained from 2-methyl-
/3,/3-difluorostyrene: bp 74-76° (0.03 mm); 80% vyield; %2
1.5563; infrared bands at 2950, 2220, 1600, 1460, 1370, 1280,
1200, 1070, 1040, 750, and 710 cm-1; pmr resonances at s 1.22
(t, 6 H), 2.93 (q, 4 H), 2.33 (s, 3 H), 7.00 (m, 4 H).

Anal. caled for CisH,N: C, 83.36; H, 9.14; N, 7.48.
Found: C, 82.8; H, 9.04; N, 8.34.

A'A'-Diethylamino-p-tolylethynylamine was obtained from 4-
methyl-~,/3-difluorostyrene: bp 72-75° (0.03 mm); 73% yield;
mZd 1.5578; infrared bands at 2950, 2900, 2850, 2220, 1600,
1500,1440, 1365, 1185,1100, 1065, and 813 cm-1; pmr resonances
at 6 1.22 (t, 6 H), 2.95 (q, 4 H), 2.26 (s, 3 H), 6.93 and 7.11
(AB quartet, 4 H).

Anal. Found: cC, 82.3; H, 9.20; N, 7.87.

Y.jY-Diethyl(4-phenyl-but-irares-3-ene-l-ynyl)amine was ob-
tained from |,I-difluoro-4-phenyl-ir<ms-1,3-butadiene: bp 99-
104° (0.03 mm); 43% vyield; 2D 1.6288; infrared bands at
3000, 2850, 2200, 1620, 1590, 1490, 1440, 1410, 1370, 1350,
1250, 950, 750, and 690 cm-1; pmr resonances at s 1.20 (t, 6 H),
2.92 (g, 4 H), 6.16 and 6.52, (AB quartet, 2 H, J = 16 Hz
(vinyl protons)), 7.18 (m, 5 H).

Anal. caled for C,H,N: C, 84.36; H, 860; N, 7.03.
Found: C, 83.3; H, 9.00; N, 7.17.

Y,Y-Diethylamino-l-heptyne was obtained from 1,1 -difluoro-
1-heptene: bp 59-61° (0.70 mm); 74% vyield; NWa 1.4454;
infrared bands at 2950, 2850, 2220, 1460, 1375, 1320, 1250, 1180,
1090, and 1065 cm-1; pmr resonances at 6 1.12 (t, 2.78 (q),
O. 80-1.7 (m), 2.18 (t, CHiC=C).

Anal. caled for C,HaN: C, 78.97; H, 12.66; N, 8.38.
Found: C, 78.8; H, 12.4; N, 8.64.

AbA-Diethylamino-l-octyne was obtained from 1,1-difluoro-I-
octene: bp 56-58° (0.10 mm); 45% vyield; 2D 1.4490;
infrared bands at 2950, 2850, 2220, 1450, 1360, 1290, 1240,
1170, 1080, and 790 cm-1; pmr resonances at 5 1.12 (t), 2.78
(q), 0.80-1.7 (m), 2.18 (t, CH2C=C).

Anal. calcd for C,JL3N: C, 79.49; H, 12.79; N, 7.73.
Found: C, 78.6; H, 12.8; N, 6.90.

4231%9)/ wwwhﬂt)lrett% Phenylethxnitéltar;rrr]ne

amrne IV~ mtwﬂy}) Ftl rophen

ey amrne 28321155 diethyl-4-chloro-
nylamrne 28301-16-0; AN igthyl-0-tolyl-
3171 , WW-diethylamino-p-toly

th N amrne 2321 -18-8;

N.N- dethyl( phenylbu .
zrr?trrsto Fher tﬁtg amer)r%ri, 02533?1 l{lgN drelt\lh Ia(rinrnroy
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2,3-Dimethyl-I-phenylnaphthalene from
Thermal Dimerization of Phenylallenel
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We re ort that phenylallene may be thermally con-
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Notes

Experimental Section

Phenylallene was prepared through the reaction of 2,2-di-
bromo-I-phenylcyclopropane® with methyllithium in ether at
—500;11 it had bp 64-65° (10 mm), nnD 1.5819 [lit.11bp 64-65°
(11 mm), 72d 1.58091, and the expected spectral properties.

2,3-Dimethyl-lI-phenylnaphthalene from Phenylallene.—A
solution containing 5 g of phenylallene and 0.5 g of hydroquinone
in 50 ml of 1:1 benzene-vinyl acetate in a glass liner was sealed
in a steel reactor and heated to 175° for 1 hr. Concentration of
the reaction mixture and short-path distillation give a yellow
liquid, bp 100-130° (0.15 mm). A portion of this distillate
soluble in carbon tetrachloride gave, upon concentration, 100 mg
of colorless rosettes, mp 67-75°. Sublimation gave material
of close to analytical purity: mp 78-80°; A™1 230 nm (log «
~5), 276 (4.1), 285 (4.15), and 294 (4.0); nmr 2.10 (3 H, s),
243 (3 H, s), 6.9-7.8 ppm (10 H, m). Recrystallization from
ethanol and vacuum sublimation gave crystals of mp 84-85°
(lit.6 mp 85-86° for 2,3-dimethyl-I-phenylnaphthalene). A
solution of the hydrocarbon in 95% ethanol saturated with picric
acid gave the picrate derivative, mp 110- 111° (lit.6mp 112°).

Registry No.—2,3 - Dimethyl -1 - phenylnaphthalene,
27521-96-6; phenylallene, 2327-99-3.

(10) P. S. Skell and A. Y. Garner, J. Amer. Chem. Soc., 78, 5430 (1956).
(11) L. SkattebOl, Acta Chem. Scand., 17, 1683 (1963).

Diarylmethylene-Tetracyanoethylene

Cycloadditionsl
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As one potential route to cyclopentane derivatives
through (2 + 3) cycloadditions, the reaction between
diarylmethylenecyclopropanes (1) and tetracyano-
ethylene (TCNE, 2) has been examined.

NC CN
Ar Ar \/
C
. !
|
NC CN
1 2

a, Ar= CaH5 b, Ar = p-CH3OCaH4

Both concerted and nonconcerted mechanistic possi-
bilities leading to cyclopentane systems seem available.
As a homoallene, the methylenecyclopropane unit would
be potentially able to add TCNE across its Ci-C2bond
to give 3 in what could be formally described as a ther-
mally allowed [it2 -f- ir,2 + <] cycloreaction.4 By
analogy with the behavior of appropriately substituted
aziridines,5-8 and with one perception of the cycloaddi-

(1) Supported initially by Public Health Service Research Grant GM
16576 and subsequently by National Science Foundation Grant GP 9259
and the Research Corporation.

(2) Address correspondence to the University of Oregon.

(3) National Defense Education Act Fellow, 1967-1970.
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8, 602 (1969).

(8) R. Huisgen, W. Scheer, H. Miider, and E. Brunn, ibid., 8, 604 (1969).
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tion behavior of cyclopropanones, 910 prior isomeriza-
tion to dipolar intermediate 4, followed by an allowed
[usA+ 7] cycloaddition, might produce 5.

Initial formation of one new bond linking methylene-
cyclopropane 1 at Ci to TCNE, generating a dipolar
species 6, might also yield 3 through a cyclopropyl-
carbinyl to allylcarbinyl (6 — 7) rearrangement before
the second bond-making step. A two-step process
with a somewhat similar dipolar intermediate 8 has
been proposed as one means to account for production
of Il-diphenyl-2,2,3,3-tetracyanocyclopentane from
1,1-diphenylcyclopropane and TCNE .1l

Cycloadducts from diphenylmethylenecyclopropane
(la) and bis(p-methoxyphenyl)methylenecyclopropane
(Ib) were obtained when these homoallenes were heated
to 120° with TCNE in toluene. The adducts, mp 215
and 191°, respectively, had nmr spectra which imme-
diately ruled out structure 5 as well as spiroheptane
(2 + 2) adducts; the methylene protons appeared as
two sets of 2 H triplets, centered at 0 3.22 and 2.63
(adduct a) and at 53.19 and 2.59 (adduct b), with J =
8 Hz, implicating CH2CH2as one moiety in these prod-
ucts. The methoxyl methyl signals in adduct b came
at $4.00 and 3.93 ppm; both adducts had aromatic
protons evident at 57-8 ppm.

Structure 3 seemed consistent with the nmr data, but
for two troubling points. In the adduct a, one aro-
matic proton appeared at an unusually low field (8.35
ppm) as a doublet of doublets (J = 8, ~2 Hz), and the
signals for the methylene protons were appropriate to
an A2V 2 system, rather than to the AA'M M' pattern
expected for 3.

Elemental analyses and mass spectral determinations
of molecular weight firmly excluded structure 3, since
both adducts corresponded to 1:1 adducts. . .less HCN!
Their ultraviolet spectra revealed them to be 1l-aryl-
naphthalene derivatives: for adduct a, xS%cli 253
(log e4.67), 305 (3.56), 318 (3.61), 341 (3.45), and 356
(3.56); for adduct b, xfaxicu 265 (4.77), 298 (3.64),
313 (3.63), 372 sh (3.67), and385 (3.72).2 Thesubstan-
tial bathochromic shift for both the *Baand 1Jjabands
(253 *» 265 nm, 356 -*» 385 nm) on going from adduct a
to the methoxy-substituted system b suggested a con-

(9) N. J. Turro, Accounts Chem. Res., 2, 25 (1969).

(10) N. J. Turro, S. S. Edelson, J. R. Williams, T. R. Darling, and W. B.
Hammond, J. Amer. Chem. Soc., 91, 2283 (1969).

(11) T, Martini and J. A. Kampmeier, Angew. Chem., Int. Ed. Engl., 9, 236
(1970).

(12) Compare ultraviolet spectral data reported for 1-phenylnaphthalene
and 1-cyclonaphthalene: “UV Atlas of Organic Compounds, Voi. II,
Plenum Press, New York, N. Y., 1966, plates E 1/2 and E 1/36.
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jugative interaction between MeO
separated by four carbon atoms.
These data and mechanistic considerations led to
formulation of the adducts as 1-phenyl-2-(2-eyano-
ethyl)-3,4-dicyanonaphthalenes, derived from an ini-
tial Diels-Alder addition between 1 and TCNE giving
the relatively unstable triene system 9, which through
loss of HCN and a cyclopropylcarbinyl to allylcarbinyl
rearrangement may give the isolated products 10.

and N C- groups

The A2M jnmr pattern for methylene protons is in ac-
cord with the conformationally mobile cyanoethyl
group, and the low field aromatic proton in 10a may be
ascribed to H-Cs, strongly deshielded by the peri-posi-
tioned N C-C4 function, and in 10b, counter shielded
by the adjacent CH3 group.13

The experimental data seem compatible with both
formulation 10 and with structure 11 for the adducts;
only a substantial discrepancy in mechanistic plausibil-
ity favors the former alternative.

This cycloaddition behavior parallels one mode of
reaction available to arylallenes: Diels-Alder dimer-
ization followed by rearrangement, as in the conversion
of phenylallene to 2,3-dimethyl-lI-phenylnaphthalenel4
or of 1,3-diphenylallene to 2,3-dibenzyl-lI-phenylnaph-
thalene.’

Further efforts to achieve additions across the Ci-C2
or the C2C 3bond of methylenecyclopropanes 1 will be
made with other olefins and with other systems lacking
vinyl or phenyl substitution at the exocyclic methylene
carbon.

Experimental Section

Melting points were obtained on a Kofler Micro Hot Stage
apparatus and are uneorreeted. Infrared spectra were run in
chloroform solution on a Beckman Model IR-5 spectrophotome-
ter, and ultraviolet spectra were recorded on a Cary 15 spectro-
photometer. Proton magnetic resonance spectra (in CDC13)
were determined on Yarian Models A-60, A-60A, A-56/60A,
HA-100 spectrometers. Mass spectra were run on a CEC 21-
110B spectrometer by Mrs. Mary Mitchell. Elemental analyses
were determined by Chemalytics Inc., Tempe, Ariz. Tetra-
hydrofuran (THF) was distilled from lithium aluminum hydride
and stored over sodium wire.

«Triphenylphosphoniuinbutyrolactone Bromide.BB—A solution
of 9.86 g (0.03 mol) of triphenylphosphine and 4.96 g (0.03 mol)
of a-bromo-7-butyrolactone in 15 ml of THF was heated at
reflux for 4 hr. The mixture was cooled, filtered, and washed

(13) Cf. J. W. Emsley, J. Feeney, and L. H. Sutcliffe, “High Resolution
Nuclear Magnetic Resonance Spectroscopy,” Pergamon Press, Elmsford,
N. Y., 1966, pp 405, 752.

(14) J. E, Baldwin and L. E. Walker, J. Org. Chem., 36, 1440 (1971).

(15) H. A. Staab and H. A. Kurmeier, Chem. Ber., 101, 2697 (1968).

(16) J. Fliszar, R. F. Hudson, and G. Salvadori, Helv. Chim. Acta. 46, 1580
(1963).

Notes

with THF. The crude material was dissolved in 50 ml of hot
methanol, 150 ml of ethyl acetate was added, and the cloudy
solution was cooled. Filtration and drying gave 6.90 g (53.8%)
of product, mp 188° (lit.6mp 196-197°).

Further purification was accomplished by grinding the crystal-
line material to a fine powder with a mortar and pestle and
washing the solid several times with ether. Thorough drying in a
vacuum oven at 60° (20 mm) gave salt sufficiently pure for syn-
thetic utilization: ir 3500, 3250, 2900, 1710, 1600, 1485, 1110,
1025, and 956 cm-1; nmr r 2.10 (m, 15), 5.30 (m, 3), and 6.70
(m, 2).

Cyclopropyltriphenylphosphonium bromidel718 was prepared
from a-triphenylphosphoniumbutyrolactone bromide in 98%
yield, crushed to a fine powder with a mortar and pestle, washed
thoroughly with ether, and dried in a vacuum oven at 60° (20
mm) to give material of melting point 190° (lit.88mp 189-190°):
ir 3300, 2870, 1590, 1480, 1340, 1220, 1115, 1000, and 900
cm-1; nmr r 2.17 (m, 15), 6.60 (m, 1), 8.21 (m, 2), and 9.37

(m, 2).
Anal. Calcd for C2H2ZBrP: C, 65.79; H, 5.22; Br, 20.88.
Found: C, 64.13; H.5.35; Br, 20.66.

Diphenylmethylenecyclopropane.8—Under a dry nitrogen
atmosphere and with stirring, a mixture of 3.54 g (7.8 mmol) of
cyclopropyltriphenylphosphonium bromide in 45 ml of THF
was treated with 4.5 ml of 1.6 M n-butyllithium in hexane (Foote
Chemicals). The reaction mixture was stirred and heated
gently for 2 hr, and then 1.42 g (7.8 mmol) of benzophenone in
THF was slowly added. The mixture was gently heated at re-
flux for 21 hr. Tetrahydrofuran was distilled from the mixture,
the residue was extracted with chloroform, and the extracts were
washed with water and dried (NaZz04). Evaporation of the
chloroform and chromatography of the remaining material with
hexane on 21 g of silica gel afforded 657 mg (41%) of product.

A pure sample was obtained by recrystallization from petroleum
ether (bp 30-60°) to give material of mp 61-64° (lit.19 mp 65°):
ir 3080, 2950, 1960, 1890, 1820, 1595, 1490, 1075, and 895 cm*“1;
nmr ©2.81 (m, 10) and 8.65 (s, 4).

Bis(p-methoxyphenyl (methylenecyclopropane.—To a stirred
slurry of 4.31 g (11.2 mmol) of cyelopropyltriphenylphosphonium
bromide in 35 ml of THF was added 7.5 ml (12.9 mmol) of n-
butyllithium. The solution was warmed gently and stirred
for about 1 hr, and 2.7 g (11.2 mmol) of 4,4'-dimethoxybenzo-
phenone in 10 ml of THF was slowly added. The reaction
mixture was heated to reflux for 18 hr and then cooled; solvent
was removed by distillation, and the residue was dissolved in
chloroform. The chloroform solution was washed with water,
dried (NaZs04), filtered, and concentrated. The remaining oil
was chromatographed with hexane on 30 g of silica gel. The
desired product, 830 mg (28%), eluted with the first 100 ml of
hexane. Recrystallization from hexane gave pure material:
mp 106-107°; ir 2950, 2840, 1605, 1560, 1490, 1105, 1030, 895,
and 828 cm-1; nmrr 2.76 (m, 8), 6.12 (s, 6), and 8.61 (s, 4).

Anal. Calcd for CigHi®2 C, 81.17; H, 6.81. Found:
C, 80.91; H, 6.74.

Diphenylmethylenecyclopropane-TCNE Addition.—A  solu-
tion of 114 mg (0.55 mmol) of la and 78 mg (0.61 mmol) of
TCNE in 10 ml of toluene was heated gently to reflux under
nitrogen for 17 hr. The toluene was removed by distillation,
and the dark residue was chromatographed on 6 g of silica gel
with chloroform. The first 20-ml fraction contained 62 mg of
material shown by nmr to be a mixture of 75% adduct and 25%
la. From the second fraction eluted, 39 mg (total yield 85 mg,
46%) of adduct was obtained.

A pure sample of adduct, mp 215°, was obtained by recrystal-
lization from methanol: mass spectrum (10 eV) m/e 307 (M+);
ir 2250, 1560, 1450, 1420, and 1380 cm-1; fcr nmr and ultra-
violet data, see text above.

Anal. Calcd for CZHIN3 C, 82.07;
C, 81.74; H, 4.23.

Bis(2-methoxyphenyl)methylenecyclopropane-TCNE Addi-
tion.—A solution of 122 mg (0.46 mmol) of Ib and 60 mg (0.47
mmol) of TCNE was heated to reflux in 10 ml of toluene under
nitrogen for 13 hr. Concentration and chromatography led to

K, 4.26. Found:

(A7) (@ H. J. Bestmann and R. Kunstrnann, Tetrahedron Lett.,, 2895
(1968); (b) H. J. Bestmann, H. Hartung, and 1. Pils, Angew. Chem.,Int. Ed.
Engl., 4, 957 (1965); (c) A. Maercker, ibid., 6, 557 (1967;; (d) D. T. Longone
and R. R. Doyle, Chem. Commun., 300 (1967).

(18) E. E. Schweizer, C. J. Berninger, and J. G. Thompson, J. Org. Chem.,
33, 336 (1968).

(19) K. Sisdo and K. Utimoto, Tetrahedron Lett., 32C7 (1966).
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53 mg (29%) of yellow adduct: mp 190-191° from methanol;
mass spectrum (9 eV) m/e 367 (M+); ir 2245, 1625, 1465, 1430,
1225, 1033, and 837 cm-1; the nmr and ultraviolet data are
given above.

Anal. Calcd for CZHIN3D2 C, 75.19; H, 4.66. Found:
C, 75.02; H, 4.53.

Registry No—la, 7632-57-7; |Ib, 28228-81-1; 2,
670-54-2; a-triphenylphosphoniumbutyrolactone bro-
mide, 28228-78-6; cyclopropyltriphenylphosphonium
bromide, 14114-05-7.

Catalytic Behavior of Some Ziegler-Natta
Catalysts in the Norbornadiene—Butadiene

Codimerization
A. Carbonaro,* F. Cambisi, and G. Dall’'Asta

Centro Ricerche di Milano, Soc. Montecatini Edison,
Milan, Italy

Received October 1, 1970

In a previous paperl we described the reaction be-
tween norbornadiene (NBD) and 1,3-butadiene (BD)
catalyzed by organometallic iron compounds. The
reaction products are 1:1 adducts, two of them (I and
11) with the nortricyclenic and one (111) with the nor-
bornenic structure.

0T o) OrT

1 n hi

In an attempt to set up selective syntheses of the
above compounds and to discover new NBD-BD ad-
ducts, we investigated the behavior of catalysts con-
taining transition metals different from iron. We em-
ployed two- as well as three-component systems, the
third component always being a phosphorus-containing
ligand. The most significant new results are summar-
ized in Table I.

A new isomer was obtained employing the catalyst
system NIiCI2Et>AICI-2PPh3. On the basis of chem-
ical and physicochemical data, formula IV was attrib-
uted to it. The same product, but with lower con-

fi— A CH=CH- CH=CH2

v \%

version, was obtained using a phosphine-free catalyst,
prepared from a soluble nickel compound such as the
diacetylacetonate.

Adduct IV is always accompanied by smaller
amounts of adduct I. Since | and IV only differ in the
position of the double bond of the side chain, we tried to
isomerize | to IV by contact with the above nickel cat-
alysts (under the same conditions in which 1V is syn-
thesized) but were unsuccessful. Also, other catalysts
known for their activity in the isomerization of vinyl
derivatives of cycloolefins to ethylidene compounds,

(1) A. Greco, A. Carbonaro, and G. Dall'Asta, J. Org. Chem., 35, 271
(1970).
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Figure 1.— IH nmr spectra of compounds IV (a) and V (b) (Varian HA-100, CC1(, room temperature, TMS).
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Table 1°
Norbornadiene-1,3-butadiene Codimerization Induced by Different Organometallic Catalyst Systems
mCatalyst system Lo Main products™-
Transition metal Organometallic compd, Solvent,0 %
compd, mmol mmol Ligand, mmol ml Structure yield®
. N\ 8
NiCVv0O.04 (CHBE2AI1CL, 0.5 P(C8163'0.08 TOL, 30 j 25
CoCl2 0.36 (¢-CHT7)MgCI, 3.6 DEE, 30 \Y% 12
CoA3 0.09 (CHH3AL, 0.9 TOL, 25 \Y 43
CoCVO0O.03 (CHOE3AL 0.4 [(CEHHPCHIZA2' 0.06 TOL, 20 1 44
CoCVO.07 (CHH2ALCY, 0.7 [(CEHHPCHIA2«0.14 TOL, 35 _II 68
v 4.5
MnA2 0.12 (i-CH7)MgCI, 1.2 DEE, 15 Illl 3
MnA,/ 0.19 CZHH53AL, 1.9 HEX, 25 v °
nA./ 0. (CHEAL 1. , i1 3
. JVv 13
MnA2 0.13 (f-CH7)MgCI, 1.3 (CeHsinNfOCA,), 0.6 DEE, 15 (m 8
®NBD = 19.7 mmol; BD = 24 mmol; temperature, 75°; time, 5 hr. bBy-products mainly consist of NBD dimers. cTOL =

toluene, DEE = diethyl ether, HEX = n-hexane.

pound/ligand complex preformed. / A = acetylacetonate.

such as Fe(CO)6 or cobalt diaeetylacetonate-Et3Al,2
were found to be almost uneffective at 150°.3

Isomerization of | to IV (to morethan 90%; Experi-
mental Section) could be achieved in the presence of the
Ti(OBu)i-Et3Al catalytic system at 150° for 1 hr. No
other catalysts, among those investigated, yield appre-
ciable amounts of oligomer IV. We should therefore
deduce that 1V is a primary product of the NBD-BD
codimerization induced by organometallic nickel cat-
alysts.

The behavior of the soluble cobalt catalysts is
strongly influenced by the presence or absence of the
bidentate |,2-bis(diphenylphosphino)ethane ligand.
The complex of CoCl2 with the said phosphine, when
combined with both Et3Al and Et2AICI (Table 1),
yields adduct Il in a very selective way. By contrast,
the system obtained from an acetylacetonate of Co and
Et3Al or from CoCl2and (,-C3H7)MgCI in diethyl ether
yields, in an equally specific way, a new adduct to which
structure V was assigned.3®

Other catalysts examined are those prepared from a
manganese compound and Et3Al or from a chloroiso-
propyl Grignard reagent. NBD and BD are induced
to codimerize to a mixture of 111 and V, the latter being
the main compound.4 The presence of mono- and bi-
dentate phosphorus ligands does not influence, in the
case of manganese catalysts, the nature of the final
products, but only the conversion.

Among the NBD-BD codimers, compound V is the
only one formed through a hydrogen shift from one to
the other reacting olefin. This type of addition of a
butadiene to one cycloolefinic double bond was never
observed before, as far as we know. It may be form-
ally compared with one of the ethylene-butadiene co-
dimers, i.e.,, 1,3-hexadiene, formed by hydrogen shift
from these two monomers by the action of analogous
CoCI2E t3Al catalysts.5

Assignment of Structures IV and V. Adduct IV.—

(2) M. W. Schneider (to B. F. Goodrich), French Patents 1,555,199 and
1,556,198 (priority 1967).

(3) According to our results, compound 111 isomerizes to the correspond-
ing ethylidene derivative in the presence of said Fe or Co catalysts.

(32) Note Adaea in Proor.—Compound V has recently been described
also by A. Takahashi and T. Inukai, Chem. Commun., 1473 (1970).

(4) Our unpublished results show that manganese-based catalysis selec-
tively trimerizes butadiene to trans,trans,trans-1,5,9-cyclododecatriene.

(5) D. Wittenberg, Angew. Chem., 75, 1124 (1963); A. Carbonaro, G.
Dall’Asta, and A. Greco, Chim. Ind. {Milan), 52, 49 (1970).

dMoles of the main product/moles of NBD introduced.

* Transition metal com-

The mass spectrum parent peak is at m/e 146. The
‘H nmr spectrum (Figure la) shows multiplets centered
at 85.1 (1 H), 2.27 (1 H), 21 (3 H), 1.59 (1 H), 1.48
(5H), 1.1 1 H), and 0.9 ppm (2 H). The signal at55.1
may be attributed to the only hydrogen attached to an
unsaturated carbon atom. The methyl protons, to-
gether with two others, originate the signal at 8 1.48;
this position is justified by the presence of the double
bond in a  All other signals are derived from the nor-
tricyclenic protons.

The ir spectrum shows absorptions at 790 (vs) and
821 cm-1, attributed to the nortricyclenic system,6
whereas a band at 3040 cm-1 is due to the C—H
stretching of the C=C double bond. The spectrum is
rich in bands especially in the region between 500 and
1350 cm-1.7

Adduct V.—The mass spectrum parent peak is at
m/e 146. The 'H nmr spectrum (Figure Ib) shows a
peak system between $6.35 and 5.45 (5 H), as well as
multiplets centered at about 84.9 (2 H), 2.8 (1 H), 2.56
(L H), 202 1 H), and 1.35 ppm (4 H). The two pro-
tons of the cycloolefin double bond and the three CH
groups of the butadienyl residue should originate the
system of bands at 86.35-5.45/ whereas the vinyl pro-
tons of the butadienyl residue should be attributed to
the signal at about 84.9 (system of three bands). The
two nonequivalent protons at 82.8 and 2.56 should be
those a to the cycloolefinic unsaturation,8 whereas at
about 82 there should be the proton at the ring carbon
atom bearing the side group. The remaining four sat-
urated methylene hydrogens likely originate the signal
at 81.35.8

The ir spectrum of V shows characteristic absorp-
tions of the norbornenic system5 at 3060, 1568, 1332,
and 712 cm-1; of the vinyl group at 1415, 1000, and 900
cm-1; and of the internal trans double bonds at 951
cm-1.9 The uv maximum at 230 nm (log e4.59) is due
to the trans double bond.

(6) J.J. Mrowca and T. J. Katz, J. Amer. Chem. Soc., 88, 4012 (1966), and
references quoted therein.

(7) The main ir bands of 1V are at 2920 (vs), 2845, 1683, 1447 (s), 1428
(s), 1371, 1309 (s), 1290 (s), 1250 (s), 1167, 1122, 1049, 980 (s), 960, 950, 883,
841 (s), 700, 589, and 511 crn'i (s).

(8) P. Laszlo and P. v. R. Schleyer, J. Amer. Chem. Soc., 86, 1171 (1964).

(9) Other significant ir bands of V are at 3087, 3038, 2965 (vs), 2870, 1648
(s), 1601, 1460, 1446 (s), 1415, 1282 (s), 1250 (s), 1135, 1098, 1082, 869 (s),
835, and 650 cm-*.
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Experimental Section

Reagents.—Toluene, n-hexane, and diethyl ether were dried
by distillation over LiAlH« and stored under nitrogen. Nor-
bornadiene (Fluka, practical grade) and butadiene (Phillips,
special purity) were used as supplied. Triphenylphosphine
(BDH) and other phosphines (Strem) were commercial products.
Cobalt and nickel chlorides were dried by treatment with SOCI2
(i-CH7)MgCIl Grignard reagent was prepared from 2-chloro-
propane (Fluka, practical grade) and Mg turnings. Et3Al and
EtiAICI (Fluka, practical grade) were used as supplied.

Oligomerizations.— The reactions were run in glass vials under
nitrogen. The reagents were introduced into the reactor in the
following order: transition metal compound, ligand (when used),
solvent, BD, NBD, and organometallic compound. A small
amount of n-decane was added as internal standard for quantita-
tive estimations in the glc analysis. The mixture was normally
prepared at —78° and kept in a thermostatic bath. At the end
of the reaction small amounts of methanol and phenyl-/3-naphthyl-
amine were added.

Characterization of the Compounds.—The quantitative com-
position of the reaction products was determined by glc (C. Erba,
Fractovap C, methylsilicone SE 30, P 30-60 mesh, 2 m, 80°, He)
on the crude mixture. Isolation of pure Cn compounds was
accomplished by preparative glc (C. Erba, Fractovap P 100,
Apiezon L, Chromosorb W 50-60, 8 m, 220°, He) on fractions
enriched by distillation. Spectroscopic characterizations were
performed on a Perkin-Elmer 125 ir spectrophotometer (NaCl
optics), Varian HA 100-MHz nmr spectrometer (CCI<, room
temperature, TMS reference), and Hitachi RMU 6 E (70 eV,
250°) mass spectrometer.

Anal. Calcd for CiiHu: C, 90.42; H, 9.58. Found for 1V:
C, 90.19; H, 9.22. Found for V: C, 90.78; H, 9.61. Physical
properties of IV and V: 1V, bp 187-189°, nsD 1.4955; V, bp
190-192°, n*D 1.5188.

Registry No.—1V, 28229-18-7; V, 28229-10-9.

Facile Olefin Hydrogenation with Soluble

Lithium-Based Coordination Catalysts
John Carl Falk

R. C. Ingersoll Research Center, Borg-Warner Corporation,
Des Plaines, Illinois 60018

Received October 14, 1970

There has been considerable interest in soluble hy-
drogenation catalysts in recent years. Numerous
Ziegler-type catalysts have been developed to effect
facile hydrogenation of olefins using alkylaluminum
compounds as reducing agents.1-6 Although Sloan,
et al.,.1 mention the use of alkyllithiums as reducing
agents combined with transition metal salts of groups
IV-V 11l metals, they prefer alkylaluminums, claiming
shorter reduction times. Several patents have also
briefly mentioned alkyllithiums as cocatalysts in olefin
reductions, but the use of alkylaluminums was pre-
ferred.2-5 We have now found that previous investi-
gators severely underestimated the reactivity of reduc-
tion catalysts prepared from alkyllithiums. In our
studies Ziegler-type hydrogenation catalysts made from
organolithium compounds and transition metal salts
of 2-ethylhexanoic acid were fully as active as alkyl-

(1) M. F. Sloan. A. S. Matlack, and D. S. Breslow, J. Amer. Chem. Soc.,
86,4014 (1963); U. S. Patent 3,113,986 (Dec 10, 1963).

(2) W.R. Kroll, U. S. Patent 3,412,174 (Nov 19, 1968).

(3) French Patent 1,575,046 (June 9,1969).

(4) Belgian Patent 718,638 (Sept 30,1968).

(5) S. J. Lapporte, U. S Patent 3,205,278 (Sept 7, 1965); J. Org. Chem.,
28, 1947 (1963).
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aluminum-based catalyst systems at convenient con-
centration levels of catalyst. They are preferable be-
cause of the ease of handling of organolithiums com-
pared with alkylaluminums. While these catalysts
are generally referred to as soluble, they might
exist in a finely divided suspended form. They do not
deteriorate when aged for several months.

Active lithium-based hydrogenation catalysts may-
be prepared by slowly adding a solution of transition
metal 2-ethylhexanoate in cyclohexane to a solution of
an alkyl- or aryllithium dissolved in cyclohexane or
benzene under a nitrogen atmosphere. This catalyst,
in the presence of hydrogen, will reduce a variety of
cyclic and acyclic olefins, as shown in Table I, utilizing

Table |

Hydrogenation of Olefins with Soluble
Hydrogenation Catalysts'l

Catalyst level, Time, %
Olefin mol % LI/Co min conversion*

Cyclooctene 0.6 4.0 30 100
Cyclohexene 0.5 4.0 20 100
Cycloheptene 0.5 3.0 30 100
1-Methylcyclohexene 0.2 6.0 90 44
as-Pentene-2 0.4 4.0 20 100
Hexene-1 0.5 4.0 20 100
2-Methylpentene-2 0.5 4.0 60 92
irans-Pentene-2 0.4 4.0 30 100
Styrenec 0.6 4.0 20 100
2,3-Dimethylbutene-2 0.5 4.0 90 37

° Hydrogen pressure, 50 psi; 50°; re-butyllithium-cobalt 2-
ethylhexanoate cocatalysts. bDetermined by gas chroma-
tography. c¢ Reduction of the vinyl moiety.

mild conditions of temperature, 50°, and pressure, 50
psi of hydrogen. Cyclic, mono-, and disubstituted
acyclic olefins are easily reduced quantitatively in 30
min or less. Trisubstituted olefins such as 1-methyl-
cyclohexene and 2-methyylpentene-2 are more resistant
to hydrogenation, and the tetrasubstituted olefin 2,3-
dimethylbutene-2 is the most resistant. Unsaturation
adjacent to an aromatic nucleus is easily hydrogenated,
as evidenced by the quantitative reduction of the vinyl
group in styrene in 20 min.

The catalytic activity of lithium-cobalt hydrogena-
tion catalysts compares favorably with an aluminum-
cobalt catalyst having an aluminum to cobalt ratio
(3.3:1) shown by Sloan, et al.,1to give facile hydrogena-
tions.6

The activity of hydrogenation catalysts prepared
from alkyl- or aryllithium and transition metal salts of
2-ethylhexanoic acid is a function of the molar ratio of
lithium to cobalt (Table Il, entries 1-5). At low lith-
ium/transition metal ratios, Li/Co =1.7, active hydro-
genation catalysts are not formed, while at a higher
lithium/cobalt ratio, 9.9, hydrogenation activity is
greatly diminished. Intermediate ratios give quite
active hydrogenation catalysts.

The rate of hydrogenation increases with an increase
in catalyst concentration (Table Il, entries 6-8). At
0.3 mol % catalyst cyclooctene is rapidly hydrogenated,
while at 0.1 mol % catalyst the reaction is slightly
slower. At 0.05 mol % catalyst, reduction ceases.
The failure to observe hydrogenation of cyclooctene

(6) A triethylaluminum-cobalt 2-ethylhexanoate catalyst having an Al/Co

of 3.3 and at a concentration of 0.3 mol % quantitatively hydrogenated
cyclooctene in cyclohexane in 20 min at 00° and 50 psi of hydrogen.
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Table |l
Hydrogénation of Cyclooctene with Soluble
Hydrogenation Catalysts as a Function of Li/Co
Ratio and Catalyst Level"”

Catalyst level, Time, %
Entry Li/Co6 mol % min conversion
1 1.7 0.3 90 8
2 4.0 0.3 30 100
3 5.6 0.3 20 99
4 6.0 0.3 20 100
5 9.9 0.3 90 16
6 5.6 0.05 90 0
7 5.6 0.1 30 93
8 5.6 0.3 20 99
9 4.7 0.3 90 98

“ Hydrogen pressure 50 psi, 50°.
lithium-nickel octoate cocatalysts.

6Molar ratio. ' n-Butyl-

with 0.05 mol % catalyst may be due to loss of catalyst
by oxidation or other impurities.

Transition metal salts other than cobalt 2-ethylhex-
anoate may be used as cocatalysts in the hydrogenation
of olefins. Nickel 2-ethylhexanoate-n-butyllithium hy-
drogenation catalyst is less active than its cobalt coun-
terpart (Table 11, entry 9).

A number of alkyl- or aryllithiums have been used in
place of n-butyllithium as cocatalysts with cobalt 2-
ethylhexanoate in the hydrogenation of olefins. Com-
parative data at 50°, 50 psi of hydrogen pressure, Li/Co
= 4.0, are listed in Table Il1l. Similar reactivity is ob-

Tabte Il

Hydrogenation of Olefins with Soluble Hydrogenation

Catalysts as a Function of Lithium Source”

Lithium source Olefin Time, min % conversion
n-Butyllithium m-Pentene-2 20 100
Ethyllithium Cyclooctene 10 100
sec-Butyllithium Cyclooctene 10 100
Cyclopentyllithium  Cyclooctene 90 63
Phenyllithium Hexene-1 10 100

“ Hydrogen pressure 50 psi, Li/Co 4.0, 50°, 0.3 mol %
catalyst.

served with aromatic and primary and secondary alkyl-
lithiums. Hydrogenation activity is diminished signif-
icantly if cyclopentyllithium is used as the cocatalyst,
but this may reflect the unknown purity of cyclopentyl-
lithium.

Cycloolefins may be selectively reduced in the pres-
ence of their 1-methyl counterparts. Cyclohexene in a
50% mixture of cyclohexene and 1-methylcyclohexene
is quantitatively reduced in 10 min while 18% reduction
of 1-methylcyclohexene occurs. A n-butyllithium-
cobalt 2-ethylhexanoate catalyst was used having a
Li/Co of 6.0 at a 0.2 mol % catalyst level at 50°, 50
psi of hydrogen pressure. In an analogous experiment
with a 50% mixture of cycloheptene and 1-methylcy-
cloheptene, cycloheptene is quantitatively reduced in
10 min while 25% reduction of the 1-methyl derivative
occurs. The selectivity is not absolute and higher
ratios of Li/Co may show improved selectivity.

An active soluble lithium-based hydrogenation cata-
lyst system has been discussed in terms of several reac-
tion parameters. This catalyst system is as active as
aluminum-based systems at convenient catalyst con-
centrations and offers as an advantage the ease of han-

Notes

dling of organolithiums compared with other hydrogena-
tion catalysts such as alkylaluminums.

Experimental Section

Materials.—Aryl- and alkyllithium reagents were purchased
from the Foote Chemical Co. A solution of cobalt 2-ethyl-
hexanoate in cyclohexane was purchased frcm the Harshaw
Chemical Co. and nickel 2-ethylhexanoate was purchased from
K & K Laboratories. The olefins were purchased from either
the Eastman Kodak Co. or the Aldrich Chemical Co. and were
distilled and stored over molecular sieves prior to use. Solvents
were passed through molecular sieves. All reactions and re-
agent transfers were carried out under a dry nitrogen atmosphere.

Catalyst Preparation.—A 0.285 M solution of catalyst (molar-
ity based upon the amount of lithium) was prepared by adding
14.1 g of cobalt 2-ethylhexanoate solution (12.0% cobalt, w/w)
over a period of 90 min to a solution of 0.0854 mol of n-butyl-
lithium in 287 ml of cyclohexane; Li/Co = 8.0. Other ratios
were prepared in the same manner.

Olefin Hydrogenation.—In a typical example, cycloheptene
(44.9 g) was dissolved in 1500 ml of cyclohexane and placed
with 0.5 mol % of a n-butyllithium-cobalt 2-ethylhexanoate
catalyst having a lithium/cobalt ratio of 3.0:1 in a 2-1. reactor
thermostated at 50°. The reactor was kept at a constant hydro-
gen pressure of 50 psi throughout the hydrogenation. Aliquots
of the reaction mixture were withdrawn periodically, and the
per cent conversion was determined by measuring the amounts
of cycloheptane and cycloheptene using a F M Dual Flame
Model 810 gas chromatograph with an activated alumina column
at 200°.

Registry No.'—Cyclooctene, 931-88-4;
110-83-8; cycloheptene, 628-92-2; 1-methylcyclohex-
ene, 591-49-1; m-pentene-2, 627-20-3; hexene-1,
592-41-6; 2-methylpentene-2, 625-27-4; irans-pentene-

cyclohexene,

2, 646-04-8; styrene, 100-42-5; 2,3-dimethylbutene-2,
563-79-1; n-butyllithium, 109-72-8; cobalt 2-ethyl-
hexanoate, 136-52-7; nickel octanoate, 4995-91-9;
ethyllithium, 811-49-4; sec-butyllithium, 598-30-1;
cyclopentyllithium, 23473-12-3; phenyllithium, 591-
51-5.
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tions, and to G. Matula for technical assistance.

The Deconjugation of Isophoronel
J. Meinwald* and L. Hendry
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Ithaca, New York 11,850

Received October 29, 1970

We were interested in an efficient procedure for the
deconjugation of isophorone (1) to /3-phcrone (2) in con-
nection with our recent synthesis of an allenic sesquiter-
pene.2 While Kharasch and Tawney3have described a
procedure for accomplishing this transformation, we
found that the results were disappointingly erratic,
giving sometimes large amounts of viscous, black mate-
rial and sometimes a mixture of two crystalline prod-
ucts.

(1) Supported by NIH Training Grant SROlI GM00834-09.

(2) J. Meinwald and L. Hendry, Tetrahedron Lett., 1657 (1969).

(3) M. S. Kharasch and P. O. Tawney, J. Amer. Chem. Soc., 63, 2308
(1941).



Notes

The crystalline by-products (mp 124 and 163°) were
recognized from spectral evidence to result from reduc-
tive dimerization; their properties are well accounted
for on the basis of formulas 3 and 4, although we were
unable to decide which isomer corresponds to the race-
mic mixture 3 and which to the meso form 4. Earlier

workersd® have described these reductive dimers from
the sodium or lithium metal reductions of 1. In our
case, reductive dimerization seems to be brought about
by the presence of excess magnesium metal in the
methylmagnesium bromide reagent used to bring about
the desired deconjugation.

On the basis of many experiments, we find that high
yields of 2 are obtained when no excess of magnesium is
present in the Grignard reagent, when the isophorone is
added very rapidly to this reagent, and when other pre-
cautions noted in the Experimental Section are ob-
served.

Experimental Section

All melting points and boiling points are uncorrected. In-
frared spectra were taken on a Perkin-Elmer 257 grating infrared
spectrophotometer. The nuclear magnetic resonance spectra
were obtained on Varian Associates A-60 and A-60A instruments.
Mass spectra were taken on an Associated Electrical Industries
MS-902 mass spectrometer.6

/3-Phorone (2).—To a stirred solution of 51.5 g of Mallinckrodt
Grignard magnesium in 300 ml of ether in a 3-1. flask, 200 g of
cooled methyl bromide in 300 ml of ether was added. The drop-
wise addition was carried out over a 3-hr period, keeping the
mixture under nitrogen and just below reflux temperature with an
ice bath. When all of the magnesium was dissolved, 4 g of
anhydrous ferric chloride in 100 ml of ether was added dropwise
over 15 min. A solution of 207 g of distilled isophorone (1) [bp
~90° (10 mm)] in 300 ml of ether was added with rapid stirring
over a 25-min interval. This step is dangerous and requires
adequate venting of methane; moreover, the reaction mixture
should not be allowed to cool, since large amounts of polymer are
formed under those conditions. The reaction mixture was re-
fluxed for 1 hr and poured into a 6-1. separatory funnel containing
50 g of ammonium chloride and 100 g of ice. After dropwise
addition of 120 ml of glacial acetic acid, the mixture was shaken,
and the aqueous phase was extracted twice with ether. The
combined ether extract was washed with water, 5% aqueous
sodium bicarbonate, and again with water. The ether was dried
with anhydrous magnesium sulfate and filtered. Evaporation
of the solvent and two distillations of the product using a Vigreux
column gave 150 g of 96% pure /3-phorone (2) [bp ~70° (10
mm)]; the purity was tested by gas chromatography on a 4%
SE-30 column at 135°. The yield of /3-phorone was 73%; how-
ever, reconjugation to isophorone (1) occurred at room tempera-
ture. This process was slowed by rapid distillation of the
products and subsequent refrigeration.

(4) W. Baker, J. Amer. Chem. Soc., 47, 663 (1925)

(5) J. Morizur, B. Furth, and J. Kossanyi, Bull. Soc. Chim. Fr., 1422
(1967).

(6) Cornell High Resolution Mass Spectrometer Facility supported by
NIH Grant No. RR00355.
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Isophorone Dimers 3 and 4.—To a suspension of 25 g of mag-
nesium in a 2-1 flask containing 200 ml of ether was added 100
g of cooled methyl bromide in 300 ml of ether. The system was
flushed with nitrogen and 2 g of anhydrous ferric chloride in 50
ml of ether was added. (Specks of magnesium metal were visible
in the mixture.) A solution of 125 g of isophorone (1) in 150 ml
of ether was added carefully over a 1-hr period. A viscous
material formed while refluxing for 1 hr which made stirring very
difficult. Ice and 60 ml of acetic acid were used to hydrolyze the
reaction mixture. After washing with water, 5% aqueous sodium
bicarbonate, and water again, the ether layer was dried with
anhydrous magnesium sulfate. Evaporation of the solvent
yielded a semisolid viscous residue. The oil partially dissolved
in pentane yielding 8.5 g of a crystalline dimeric species, mp 163°.
Fractional crystallization in pentane yielded 15 g of a more soluble
dimeric species, mp 123-124°. The total yield of dimer was
about 20%; however, other experiments under varying condi-
tions produced as much as 50% yield of dimers. Spectral data
for both isomers were indistinguishable.

The dimer, mp 163°, had the following spectra: mass spectrum
(70 eV) m/e 278.2239 (Ci8H3D2 requires 278.2246), 263.2000
(CurH2:02 require5228263.2010), 245.1875 (Ci7H202 requires

m* .1

245.1905), 263 ----------- > 245, 139 (M - CHI®); nmr (CDC13
51.05 (s, 6 H), 1.10 (s, 12 H), 1.27, 1.51, 1.70, 1.94 (AB quartet,
Jab ~ l4cps, 4 H), 1.94, 2.18, 2.30, 2.54 (AB quartet, s a» ~ 14
ops, 4 H), 2.18 (s, 4 H); nmr (pyridine) 80.99 (s, 18 H), 1.20,
1.43, 1.72, 1.95 (AB quartet,/ ~ 14 cps, 4 H), 1.95, 2.18, 2.37,
2.60 (AB quartet, / ~ 1l4cps, 4 H), 2.18 (s, 4 H); ir (CH2X12
5.86 n.

The dimer, mp 123-124°, had the following spectra: mass

m* 228.1

spectrum (70 eV) m/e 278, 263, 245, 263 ------------ >m 245, 139;
nmr (CDClIs) 51.09 (s, 18 H), 1.28, 1.52, 1.71, 1.95 (AB quartet,
/ ~ 14 cps, 4 H), 1.92, 2.15, 2.31, 2.54 (AB quartet, / ~ 14
ops, 4 H), 2.18 (s, 4 H); nmr (pyridine) 8 0.99 (s, 18 H), 1.18,
1.42, 1.65, 1.89 (AB quartet, J ~ 14 cps, 4 H), 1.92, 2.16, 2.34,
2.58 (AB quartet, J ~ 14 cps, 4 H), 2.18 (s, 4 H); ir (CH2C12)
5.86 il.

Registry No.— 1,78-59-1; 3,28192-72-5; 4,4994-12-1.

A New Synthesis of Symmetrical
Diaroylmethanes

Y. Shyamsunder Rao and Robert Filler*1

Department of Chemistry, Illinois Institute of Technology,
Chicago, Illinois 60616

Received September 8, 1970

Sieglitz and Horn2 prepared a series of symmetrical
/3-diketones by the reaction of vinyl acetate with the
appropriate acid chloride in the presence of aluminum
chloride. This method suffers from the disadvantage
that appreciable amounts of unsymmetrical diketones,
HCOCHZOCH3, are also formed. Rothman and
Moore3 have reported a route to (3-diketones [(RCO)2
CH2, R = alkyl] starting from isopropenyl esters.
Recently, we described the preparation of symmetrical
and unsymmetrical diaroylmethanes containing the
pentafluorophenyl group.4 We now report a simple
general method for the preparation of symmetrical
diaroylmethanes.

Vinyl esters of benzoic acids (Table 1), prepared in

(1) To whom inquiries should be addressed.

(2) A. Sieglitz and O. Horn, Chem. Ber., 84, 607 (1951).

(3) E. S. Rothman and G. G. Moore, Tetrahedron Lett., 2553 (1969); E. S.
Rothman, G. G. Moore, and A. N. Speca, ibid., 5205 (1969).

(4) R. Filler, Y. S. Rao, A. Biezais, F. N. Miller, and V. D. Beaucaire,
J. Org. Chem., 35, 930 (1970).
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N otes

Table |

Vinyl Benzoates

CHa=CHOCOAr Yield, Bp (mm)
Ar = Registry no. % or mp, °C
4-CICHA4 7561-01-5 74 33 (5)
4-CH<LL&H4 2653-44-3 70 33 (5)
4-CH3OCEH4 13351-86-5 75 40 (5)
4-N0ZX6H4 831-69-6 80 73
C.Ft 28541-28-8 75 80 (5)

75-80% vyield by ester interchange (eq |),5 are treated
with anhydrous aluminum chloride in tetrachloroethane
at 70° to give the diketones in yields of 58-98% (Table
11) (eq 2).6

(6] (6]
ArCOiH
CHi=CHOCCH3---------- — CHZCHOCAT 1)
HgSO.
Ar = C&HG p-ClC8H4 p-CH3OCEH4 p-CHIXEH4
pP-NO02C6H4 c6r5
0 0 0
CHj=CHOCAr Ar(lIcHZXCAr 2)

The formation of the diaroylmethanes may proceed
through the intermediacy of the diaroylacetaldehyde,
(ArCCOsCHCHO, which would then undergo decar-
bonylation to give the diketone.

Experimental Section

Vinyl Interchange Reaction.—In a three-necked, round-bot-
tomed flask, provided with a thermometer and water-cooled
condenser, was placed 42.4 g (0.2 mol) of pentafluorobenzoic
acid. Vinyl acetate (110 g, 1.28 mol) was added to the flask
along with powdered mercuric sulfate (1.71 g). The contents
of the flask were stirred with a magnetic bar and heated under
reflux for 3 hr. At the end of this period, the contents of the
flask were cooled and diluted with petroleum ether (bp 30-60°).
Sodium acetate hydrate was added to remove acidic materials.
The organic layer was filtered from the inorganic materials and
concentrated on a rotary evaporator. Unreacted vinyl acetate

(5) W. J. Toussaint and L. G. McDowell, Jr,, U. S. Patent 2,299,862
(1942) [Chem. Abstr., 37, 1722 (1943)]; R. L. Adelman, J. Org. Chem., 14,
1057 (1949).

(6) After the present work was completed, Rothman and Moore, ibid.,
35, 2351 (1970), have shown that under similar conditions, diacylmethanes,
(RCO)2CH2, where R = CuHzs, CisHai, and CnHas, are obtained from vinyl
alkanoates. With shorter reaction times, only /3-ketoaldehydes were iso-
lated. We have not isolated any /3-ketoaldehydes in our work.

- Calcd, %- [-—- Found, Jo
Formula C H C H
CH, 021 59.18 3.89 59.32 3.83
ClHID2 74.07 6.17 73.9 6.1
CIH,®3 67.4 5.6 67.3 5.61
ch o 60.3 3.9 60.2 3.87
CHF502 45.3 1.26 45.15 1.24
Table Il
Diaroylmethanes
Vinyl ester, Mp of
CHj=CHOOCATr Registry Yield, /3-diketone,
Ar — no. % °C

cth 5 120-46-7 95 78*
4-ClceH4 18362-49-7 85 1596
4-CHX6H4 3596-36-3 90 127
4-CH3OCaH4 18362-51-1 58 116*
4-NOZCaH4 13586-91-9 98 2416

c6r6 23074-29-5 95 119"

“F. G. Young, F. C. Frostick, Jr., J. J. Sanderson, and C. R.
Hauser, J. Amer. Chem. Soc., 72, 3635 (1950). 6See ref 2.
cA. Behai and V. Auger, Bull. Soc. Chim. Fr., 9, 699 (1893).
d See ref 4.

and petroleum ether were thus removed. The residue in the flask
was dissolved in ether and the ether solution washed with a solu-
tion of sodium bicarbonate to remove last traces of pentafluoro-
benzoic acid. The oily layer was distilled under reduced pres-
sure to give 32 g (75%) of vinyl pentafluorobenzoate, bp 80° (5
mm). The following benzoates (see Table I) were prepared in
the same fashion. Vinyl benzoate was obtained from Monomer-
Polymer Labs, Philadelphia, Pa. If, when other other acids are
used, the acid does not dissolve in vinyl acetate, it is beneficial
to add 10-20 ml of absolute ethyl alcohol to dissolve the acid.

Reaction of Vinyl Ester with Aluminum Chloride.— In a three-
necked flask provided with a thermometer, condenser, and a
stirrer was placed 4.76 g (0.02 mol) of vinyl pentafluorobenzoate
in 150 ml of tetrachloroethane. Anhydrous aluminum chloride
(6 g, 0.046 mol) was added. The mixture was heated at 70° for
45 min. The reaction mixture was cooled and decomposed with
100 ml of 10% hydrochloric acid. Tetrachloroethane was re-
moved by steam distillation and the residual organic material
in the aqueous layer was recovered by extraction with ether.
The ether layer was washed with water and dried over anhydrous
sodium sulfate. Ether was removed on a rotary evaporator
leaving behind a solid residue which was crystallized from a
benzene-methanol mixture to give 3.85 g of bispentafluoro-
benzoylmethane, mp 119°.

A similar procedure was employed in preparing other diaroyl-
methanes (Table I1).
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