Vol. 85, No. 6, May 1970

requires H-12 and H-13 to be in the positions shown, they were

placed there for the final refinement cycles and for Figure 1.
Bond lengths calculated using ORFFE® are given on an

ORTEP® plot in Figure 1, and bond angles are listed in Table I.

Discussion

In the crystals under study, as has been postulated
for solutions,” 10-methylisoalloxazine is protonated on
N-1. Other riboflavin derivatives have also been
shown to be protonated at this position in the crystal-
line state.!

The bond lengths found for the cation are very close
to those reported by Fritchie and Trus!® and close to
those in related structures.'®® The long C-4-C-4a
bond and the short C-4a-N-5 bond have been observed
in all three of these structures.

All of the atoms except H-11 lie close to sheets of
P, symmetry parallel to the 102 plane. There are
parts of six such sheets in the unit cell chosen, spaced
3.264 A apart, starting from 408. The least squares
plane calculated from the 17 nonhydrogen atoms of the
cation is inclined 1.6° from the 102 plane. The
standard deviation of the atoms defining the plane
from the plane is only 0.053, with the deviations occur-
ring primarily as a slight bow along the long axis of the
molecule. This bow, which is quite possibly absent in
solution, is probably present in the crystal to permit
reasonable distances between bromide ion and N-3
in adjacent sheets [these atoms are 3.463(9) A apart]
and bromide and N-10 in adjacent sheets in the other
direction [3.364(9) A apart).

Figure 1 shows the intrasheet hydrogen bonds as
dotted lines. The distances between nonhydrogen

(5) W. R. Busing, K, O. Martin, and H. A, Levy, ORNL-TM-306, Oak
Ridge National Laboratory, 1964.

(6) C. K. Johnson, ORNL-3794.

(7) K. Dudley, A. Ehrenberg, P. Henmerich, and F. Muller, Helv, Chim.
Acta, 47, 1354 (1964).
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atoms joined through hydrogen bonds are unexeep-
tional. The values in angstroms are: N-1-0-1,
2.883 (13); 0-1-0(C-4), 2.886 (10); 0-1-0-2, 2.767
(11); N-3-Br, 3.433 (10); O-2-Br, 3.291 (10).

The stacking arrangement of the sheets is governed
primarily by the intersheet hydrogen bond involving
H-11. The formation of strong intersheet hydrogen
bonds requires the water oxygens to move closer to one
another [intersheet O-1-O-2 distance, 2.983 (11) A;
H-11-0-1 distance, 2.09 (8) A], and accounts for their
large deviations from the molecular plane. O-1 moves
farther out of the plane than O-2, presumably to give
both oxygens better tetrahedral coordination [the
fourth coordination for O-2 is provided by interaction
with N-10, 3.235 (10) A away]. The bromine is
sandwiched between two nitrogens with partial positive
charges, N-3 and N-10, as noted above. It also serves
as a hydrogen-bond acceptor for N-3 and O-2, giving
it roughly square-planar coordination. An H-2 and
H-4 in the same sheet are nearly close enough [2.79 (8)
and 2.85 (8) A, respectively] and at the right angle to
complete an octahedral arrangement around bromide
ion.
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Stereochemistry
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The reaction of triphenylphosphine and carbon tetrachloride with exe,ex0-2,3-dideuterio-anti-7-hydroxybicyclo-
{2.2.1]heptane affords exo,ezo-2,3-dideuterio-syn-7-chlorobicyclo[2.2.1]1heptane, exclusively. The isolated products
from ezo,ero-3,4-dideuterio-exo-2-hydroxybicyclo[3.2.0lheptane are exo,ex0-3,4-dideuterio-endo-2-chlorobicyclo-

[8.2.0]heptane and exo,exo-2,3-dideuterio-gnt?-7-chlorobicyclo[2.2.1]heptane.

With the aid of a comparison be-

tween the inversion found in these reactions and the predominant retention of configuration found in the products
of solvolysis of the esters of the above alcohols, a tentative mechanistic rationale is presented to account for our obgser-

vations.

A previous report'® has demonstrated that the reac-
tion of triphenylphosphine and carbon tetrachloride
with aleohols to give alkyl chlorides has remarkable

ROH + PhsP 4 CCli —> RCl 4+ PhPO 4 CHCL

tendency for inversion, even in cases where solvolysis
of the corresponding esters is largely or completely
(1) (a) To whom correspondence should be addressed: East Tennessee

State University, Johnson City, Tenn. 387601, (b) R. G, Weiss and E. I.
Snyder, Chem. Commun., 1358 (1968).

assisted and the solvolysis products exhibit retained
configurations. It is known also that such conversions
occur with little or no skeletal rearrangement in those
systems where SNI reactions afford extensively rear-
ranged products.’®? To further elucidate the scope
of this reaction, the course of reaction with alcohols
1 and 2 was determined.

(2) R. G. Weiss, Ph,D, Thesis, University of Connecticut, 1969; I. M.
Downie, J. B, Holmes, and J. B, Lee, Chem. I'nd, (London), 900 (1966).
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The acetolysis of 3-d has been shown to proceed with
909, retention of configuration,®* whereas that of 4
leads to a predominance of 5 and traces of 6 and 7.5
Both 3 and 4 share the same reaction coordinate during
much of the acetolysis reaction, as has been discussed
by Winstein and coworkers® and Miles.?

OH OBs
D D HOAc
— —_—
D D.
anti-1-d 3d
OAc AcO
D D
.l._
D D
90% 10%
5-d
- Iy ==
2 4
OAc OBs
5 3 6 7
99% 1%
Results

Reactions of 1.—Reaction of equimolar quantities of
1 and triphenylphosphine in carbon tetrachloride pro-
duces 8 as an oil which solidifies when solvent is re-
moved. The structure of 8 was ascertained from its
pyrolysis produets, 9 and triphenylphosphine oxide,
from its nmr spectrum,® and by analogy to work of
Schaefer and Weinberg® on the Wiley? reaction. The
structure of 9 was confirmed by comparison of its
melting point, vpe retention time, and nmr and in-
frared spectra with those of an authentic sample. Con-
sistently, 50-609, yields of 9 were obtained, although
optimum reaction conditions were not sought.

The stereochemistry of the conversion 1 — 9 was
determined using exo,ex0-2,3-dideuterated alcohol.
The route to dideuterated aleohol anti-1-d (Scheme I)
assures the absence of syn-1-d. Independent synthesis
of the isomeric dideuterated chlorides syn- and anti-9-d
was achieved as shown in Scheme I. Facile differenti-

(3) F.B, Miles, J. Amer. Chem. Soc.; 90, 1265 (1968).

4) P. G, Gassman and J, M. Hornback, tbid., 89, 2487 (1967).

(5) 8. Winstein, F. Gadient, E. T. Stafford, and P. E. Klinedinst, Jr.,
ibid., 80, 5895 (1958).

(6) The nmr spectrum in either D:0 or CDCls showed high-field reso-
nances clearly attributable to a 7-substituted bicyclo{3.3.1]heptane and low-
field resonances in the phenyl region. Denney, Denney, and Wilson? have
found Jrocu = 7 ¢ps (CH:Cly) for the pentacovalent structure i and for the
ionic compounds ii and iii. In both D20 and CDCls, Jpoor & 7 cps for 8.

PhsP(OEt). [PhsPOEt] *BF4 [BusPOEt] *BF4~
i ii 1ii

(7) D, B. Denney, D. Z. Denney, and L. A, Wilson, Tetrahedron Lett., 85
(1968).

(8) J. P, Schaefer and D. 8. Weinberg, J. Org. Chem., 80, 2635, 2639 (1965).
Compound iv was isolated and purified when 1 and bromotriphenylphos-
phonium bromide were mixed in triglyme. Upon pyrolysis above its melt-
ing point, iv produced triphenylphosphine oxide and 7-bromobicyelo-
[2.2.1]heptane. Halophosphoranes of endo-2-hydroxybicyelo[2,2,1]hep-
tane and 1-hydroxybieyelo[2.2.1Theptane!? have been isolated and pyrolyzed
to the corresponding phosphine oxides and alkyl halides.

(9) G.Wiley, B, Rein, and R, Hershkowitz, Tetrakedron Lett., 2509 (1964);
G. Wiley, R. Hershkowitz, B. Rein, and B, Chung, J. Amer. Chem. Soc., 86,
964 (1964).
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ScHEME 1
SYNTHESES OF DEUTERIUM-LABELED COMPOUNDS
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ation of the syn and anti isomers of 9-d was permitted
by their distinet deuterium-decoupled nmr spectra
(see Figure 1). The product from anti-1-d is obviously
syn-9-d (Figure 1c). Independent control experi-
ments showed that >5%, anti-9-d is readily detected in
a syn—anti mixture of chlorides 9-d, so that reaction
has proceeded with >95% inversion. When the de-
composition of intermediate 8 was monitored, both
its rate of disappearance and the rate of formation of 9
were roughly first order in 8.

OH OPPh,Cl
D PhP D A
——— e
D CCl, D
anti—l—d anti-&-d Cl
D
D.
syn-9-d

Reactions of 2.—In our hands, the method of Win-
stein® did not result in pure 2 despite numerous at-
tempts. Alcohol, >909%, pure by nmr, vpe, and in-

(10) 8. Winstein and E. T. Stafford, ibid., 19, 505 (1957).
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frared analyses, containing residual ezo-2-hydroxy-
bieyclo[3.2.0 |hept-3-ene and a carbonyl-bearing com-
pound, was used.*

Reaction of 2 with PhyP-CCly at 65° for short peri-
ods (<4 hr) followed by solvent removal leaves a white
solid whose structure is inferred from previous work?:2
(see above) and from its pyrolysis products (triphenyl-
phosphine oxide, 9, and 10) to be a mixture of 8 and 11.
The presence of syn-8-d during the reaction of 2-d is
inferred from the observation that anii-9-d comprises
at least 909 of the rearranged chloride (see Figure 1d)*
and the knowledge from the previous section that de-
composition of anti-8-d occurs with inversion of con-
figuration.

The ratio of 10:9 obtained from the pyrolyses of the
residue from 2, triphenylphosphine, and carbon tetra-
chloride appears to be a function of pyrolysis tempera-~
ture and duration. The results are summarized in

Table I.1¢
OH
D Ph,P
et
cCl,
zd OPPhCl
CIPh;PO D
Db’b ’ ~
D\
syn-8-d 11-d
H
Cl D
D + C1D
D
anti-9-d 10-d
TasLe I
ReACTIONS OF 2 WITH TRIPHENYLPHOSPHINE
AND CArBON TETRACHLORIDE
~Pyrolysis of salts~~ Product
Reaction Time, ratio®
Run time, hr Temp, °C Temp, °C min 10t09
1 65 Ambient room 33:7.5°
2 3.5 60-65 80-160 30 3:97°
3 3.5 60-65 70-180 15 1:3
4 6 60 1.83:1
60-135 3:8
54 3.5 60-65 70-180 20 13:87

¢ Ratios were determined by direct comparison of vpc peak
weights. ? Ratio of 10 to 9 present in the reaction solvent prior to
pyrolysis of the residue. ¢ Deuterated substrate, 2-d. ¢ Con-
tained a third, unidentified product.

The stereochemistry of the catalytic deuteration of
exo-2-hydroxybieyclo[3.2.0]hept-3-ene is not known.

(11) The role of the impurities during reaction of 2-d is not known, Al-
though they are mnot expected to alter the product stereochemistry, they
may have influenced the ratio of anti-8-d to 10-d,

(12) D. B, Denney and R. R, DiLeone, J. Amer. Chem, Soc., 84, 4737
(1962).

(13) Control experiments showed that 109 syn 9-d is detected in a
syn—~anti mixture of chlorides 9-d.

(14) The results from reaction of 2 with PhsP~CCls at <65° over extended
times are puzzling. Although rearranged chloride, 9, is formed, other ex-
periments suggest that the oxyphosphorane 8 is thermally stable under these
conditions, If both statements above are valid, then the sequence 2 —»
8 — 9 cannot be correct, at least at these temperatures. We note that the
absolute yields of 9 formed under these conditions is small, and that we have
insufficient data to resolve this point at present.,
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Figure 1.—Nmr spectra of exo,exo-2,3-dideuterio-syn-7-chloro-
[2.2.1]heptane (... .), chloride from exo,exo-2,3-dideuterio-ant:-7-
hydroxybicyclo[2.2.1]heptane (——), ezo,ex0-2,3-dideuterio-anti-
7-chlorobicyclo[2.2.11heptane (~-—:), and chloride from exo,exo-
3,4-dideuterio-ezo-2-hydroxybicyclo{3.2.0]heptane (----).

By analogy to the deuteration of bicyclo[2.2.1 Jheptene!®
and from comparison of the nmr spectra of deuterated
and undeuterated 2 (see below), the deuteriums are
assigned as 3,4-exo in 2-d.

Chloride products from runs 3 and 5 were isolated
by vpe. The compound of shorter retention time in
run 3 was identified as 9 by comparison of its vpe reten-
tion time, melting point, mass spectrum, and nmr spec-
trum with those of an authentic sample. The com-
pound of shorter retention time of run 5 was identified
similarly as anti-9-d.'* The longer retention time com-
pounds of runs 3 and 5 were 10 and 10-d, respectively.
Although the mass spectra of 10 and 10-d are nearly
identical with those of 9 and anti-9-d, their infrared
spectra and vpe retention times are distinetly different.
The high-field portions of the nmr spectra are character-
istic of a 2-substituted bicyelo[3.2.0Jheptane skeleton,

The couplings of the low-field 2-proton resonances
serve to determine the stereochemistry of 10. (The
arguments for the chlorides apply to the alcohols as
well.) Molecular models of endo and exo 2-substituted
bicyclo[3.2.0]heptanes show that the 1-bridgehead
proton is geometrically disposed to couple very strongly
with an exo 2 proton but very weakly with an endo 3
proton. Owing to ring puckering an exo 3 proton
couples weakly with both exo and endo 2 protons and an
endo 3 proton couples strongly with both exo and endo
2 protons. Therefore, an endo 2 proton (substituent

H HD)
HD) ﬁ -
H i
endo

exo) should exhibit an AX, and an exo 2 proton (sub-
stituent endo) should exhibit an ABX pattern, where it
is assumed that the weak couplings are much less than
the major couplings (first-order analysis). Consistent

(13) B. Franzus, W, C. Baird, Jr., and J. H, Surridge, J. Org. Chem., 88,
1288 (1068).
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with this interpretation, doublets are observed for the 2
protons of 2 and 2-d, whereas rough quartets are ob-
served for the comparable protons of 10 and 10-d.

Discussion

Reaction of neither 1 nor 2 with triphenylphosphine
and carbon tetrachloride exhibit Sn1 characteristics.
Solvolyses products of anti-3-d are formed with 80-
909, retention of configuration;®* solvolysis products
of 4 are predominantly rearranged (7-norbornyl), pre-
sumably with substituent syn to C-3-C-4 of 4, but the
unrearranged portion is of retained configuration ex-
clusively.! In contrast, we find that anti-1-d is con-
verted into syn-9-d exclusively and 2-d yields anti-9-d
and inverted unrearranged 10-d.

OH Cl
D. Ph;P D.
—
D CCl, D

anti-i-d syn-9-d
D D
D PheP a D
iy D +
cal,
¢ = s
2'd ant i-g-d Cl

10-d

Nonsolvolytic displacement reactions at the 7 posi-
tion of norbornanes are difficult and to our knowledge
the only other such reaction where the stereochemistry
has been determined®® also proceeds with inversion.

As has been shown by Downie, Lee, and Matough'?
and by Ried and Appel,** phosphines attack carbon
tetrachloride at chlorine, forming a chlorophosphonium
trichloromethide salt, 12, which reacts with alcohols as
shown below.

R;Pr + Cl—f-?JCla — RPCICCl” ()
12

RPCI*CCl,~ + R'OH — RPCITOR”™ + HCCL (2)
R,PCITOR" — R,PORCI™ — R;P=0 + RCl (3)

That [3.2.0] and [2.2.1] products are obtained from
2-d indicates that 11-d decomposes by two pathways.
The easiest way for us to explain the formation of anti-
9-d is by internal return to syn-8-d followed by its
decomposition to anti-9-d. The energy of activation

OPPh;Cl

0T D{E
D “~ -p —r

10-d 11-d

CIPh,PO
D
D

syn-8-d

Cl
D
-
D

anti-9-d

(16) J. T. Lumb and G. H, Whitham, Chem, Commun., 400 (1966). We
thank a referee for calling this to our attention.

(17) 1. M. Downie, J. B, Lee, and M. F. 8. Matough, ibid., 1350 (1968).

(18) W, Ried and H. Appel, Justus Liebigs Ann. Chem., 679, 51 (1964).
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for internal return must be comparable with that for
formation of 10-d since both products are formed in
similar amounts.

But the existence of a cationoid intermediate poses
the dilemma that it should collapse by front-side attack,
in analogy to the work of Miles® and Gassman,* whereas
the experimental results show that under 109, of the
chloride is formed by this route. This means that
either the ion pair formed, R*OPPh;Cl-, is so “tight”
that it does not react with external nucleophile or that
nucleophilic species are absent. Since added external
nucleophile (eyanide) does not compete with chlorine
in the homogeneous decomposition of the 2-phenyl-
ethoxyphosphorane,'® there is some evidence supporting
the former contention. Similarly pyrolysis of an
admixture of 8 and sodium cyanide affords only
chloride.

The observed propensity for inversion accords with a
modified SN2 reaction (eq 3). However, it must be
recognized that under reaction conditions (pyrolysis
for 1 and 2, carbon tetrachloride solution for other
alcohols) chloride ion, if present, must be part of a
quite tight ion pair, ROPPhy+ Cl-. (Note the dis-
tinction between this ion pair and that, discussed above,
resulting from C-O heterolysis.) That external nucleo-
philes do not compete with chloride in decomposition
of the oxyphosphoranes such as 8, and that (admittedly
rough) kinetie data point to a first-order decomposition
of oxyphosphorane, requires produet formation either
via a tight ion pair or an intramolecular covalent de-
composition. On this basis we suggest that a reason-
able reaction mechanism involves intramolecular,
reasonably concerted decomposition of the oxyphos-
phoranes 8 and 11. An activated complex in which
P-Cl and C-O bond cleavage are concerted with C-Cl
and P=0 bond formation affords the high energy of
the latter bond as an effective driving force which is
probably responsible for the relative facility with which
reaction occurs.

The observed inversion places some rigid require-
ments on the reaction profile. If in nonpolar media
we are dealing with pentacovalent phosphorus as a
trigonal bipyramid, then the most stable arrangement
is one where both oxygen and chlorine are apical.®
Product can not be formed directly from this conformer
by a unimolecular decomposition unless ionic chloride
wanders around the periphery in a tight ion pair, in
which case one deals with a tetrahedral phosphorus
as a cation. The operational distinction between a
trigonal bipyramidal oxyphosphorane and a tight ion
pair with tetrahedral phosphorous may even vanish.
Alternatively, either apical oxygen or chlorine may be
converted into the equatorial conformer by pseudoro-
tation.?? The feasibility of product formation from
the latter conformer is suggested by inspection of mod-
els, which indicate that chlorine is some 2.0-2.5 A from
the carbon being substituted. If one requires that
chlorine attack colinearly with oxygen to effect in-
version, spatial requirements become too severe for
reaction to occur directly from a trigonal bipyramid.

(19) R. G. Weiss and E. I. 8nyder, submitted for publication.

(20) E. Muetterties and R. Schunn, Quart. Rev. (London), 20, 245 (1966).
The more electronegative substituents on a trigonal bipyramidal phosphorus
atom assume the apical positions at equilibrium,

(21) F. H, Westheimer, Accounts Chem. Res., 1, 70 (1968).
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It seems reasonable that P-Cl bond cleavage precedes
somewhat C~O bond cleavage in a very tight ion pair.

Cl Ph
Ph,_ | Ph. Iy
,P—Ph >P—Cl
] R o= [ R
N4 N4
N QR
® A\ /o
*
F r|> al
7 \R
Ph 1
%
C'_Rg
\
Ry
R, K}?z
Ph,P=0 + /C—Cl
R
This rationale is not without its difficulties. In par-

ticular, we fail to understand why a concerted, four-
center decomposition with retention of configuration
fails to occur. Models suggest that the latter is steri-
cally less severe than an inversion process, and analogs
of this process are known.?* Nor do we understand
the reluctance toward sufficient C-O bond cleavage to
give a cation which behaves as do more typical cations.
Thus neopentyl alcohol affords no rearranged products,
and the neopenty! chloride is formed with inversion.?®
Even cyclopropyl alcohol reacts to give, in part, unre-
arranged cyclopropyl chloride.’® It must be recog-
nized explicitly that the mechanistic hypothesis pre-
sented has not yet been subjected to rigorous mecha-
nistic tests and remains speculative at present.

Experimental Section

Boiling and melting points (sealed capillary) are uncorrected.
Infrared spectra were taken on a Perkin-Elmer Infracord spectro-
photometer. Nmr spectra were recorded on a Varian Associates
A-80 spectrometer using an NMR Specialties HD-60A decoupler
when appropriate. Vpe analyses were performed on a Wilkens
Aerograph chromatograph using the following columns (0.25 in.
0.d.): column A, 15-ft 209, Ucon HB5100 on 40/60 Chromosorb
W; column B, 10-ft 109, DC550 on 80/100 Chromosorb W,
HMDS; column C, 10-ft 109, p-cresyl phosphate on 80/100
Chromosorb W, HMDS. Triphenylphosphine (Carlisle Chem-
ical Co.) was recrystallized from cyclohexane-isopropyl alcohol
and melted in a dry atmosphere prior to use. Carbon tetra-
chloride was stored over phosphorus pentoxide.

anii-7-Hydroxybicyclo[2.2.1]heptene (anii-13).—The method
of Tanida and Tsuji?® was used to prepare 7-benzoyloxybicyclo-
[2.2.1]heptadiene. Reduction with lithium aluminum hydride
in ether?* yielded anti-13 containing 119, benzyl alcohol as de-
termined by vpe analysis (A, 130°).

exo,exo0-2,3-Dideuterio-anii-7-hydroxybicyclo[2.2.1]heptane
(anti-1-d).—A solution of 2.3 g of crude anti-13, 0.25 g of Pd~C,
and 50 ml of absolute methanol was shaken for 1 hr in a Paar
bottle under 30 psi of deuterium gas.’® The mixture was filtered
through diatomaceous earth and the solvent was distilled. The
residue was sublimed at 85° (1 mm) to yield 2.0 g of anti-1-d,
mp 154-156.5°.

(22) E. 8. Lewis and W, C, Herndon, J. Amer. Chem. Soc., 83, 1955 (1961).
(28) H. Tanida and T. Tsuji, J. Org. Chem., 29, 849 (1964),
(24) B. Franzus and E, I. Snyder, J. Amer, Chem, Soc., 87, 3423 (1965).
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Anal.®  Caled for CH;D,0: 16.66 atom 9 excess.
16.60 atom 9, excess or 1.99 D per molecule.

syn-7-Hydroxybicyclo[2 .4.1]heptene (syn-13), mp 80-86°, was
prepared according to Baird .26

7-Hydroxybicyclo[2.2.1]heptane (1).—Reduction of syn-13
over 109, Pd-C (0.58 mol %,) at 20 psi of hydrogen afforded 1,
mp 146-150° (lit.¥ mp 152-153°), after recrystallization from
pentane and sublimation at 90° (1 atm).
exo,ex0-2,3-Dideuterio-anti-7-chlorobicyclo[2.2.1]heptane (anii-
9-d).—anti-7-Chlorobicyclo[2.2.1]heptane was prepared from
onti-13 by the method of Tanida and Hata.?® A 6.7-g (0.105 mol)
portion of acetic acid-ds (Stohler, 99.5% D) in 5 ml of methyl
alcohol-d was slowly dripped into an ice-cooled, mechanically
stirred mixture of the above olefin (2.06 g, 0.016 mol) and potas-
sium azodicarboxylate? (9.3 g, 0.048 mol) in 20 ml of methanol-d.
Stirring was continued overnight at room temperature. The
mixture was diluted with water and extracted with pentane (three
25-ml portions). The combined organic phases were washed
with water, dried (MgS0,), and distilled, bp 40°. The residue,
1.4 g (669,), was sublimed five times at 35~60° (1 atm) to yield
anti-9-d,% mp 46-47°.

Anal. Caled for C;HoD,Cl: 18.18 atom 9 excess.
17.05 atom 9, excess or 1.87 D per molecule.

An undeuterated sample, 9, was prepared in an analogous fash-
ion. Analyses by vpe (column A, 120°) of purified samples of
9 and anti-9-d showed no impurity.

exo,ex0-2,3-Dideuterio-syn-7-chlorobicyclo[2.2.1]heptane (syn-
9-d).—syn,exo0-2,7-Dichlorobicyclo[2.2.1]heptane (14.3 g, 0.0867
mol), prepared according to Roberts, Johnson, and Carboni,®
was stirred in a closed flask for 3.5 days with potassium {-butoxide
(14.3 g, 0.13 mol) in 30 ml of dry dimethyl sulfoxide. The solu-
tion was diluted with water and extracted with pentane (four
75-ml portions). The combined pentane extracts were washed
with water, dried (MgSO,), and distilled. By nmr and vpe
(column B, 105°) analyses, the cut with a boiling point of 50°
(16 mm) [lit. bp 45° (16 mm)], yield 10.7 g (96%,), was >999,
syn-7-chlorobicyclo{2.2.11heptane. Reduction with potassium
azodicarboxylate as described above yielded, after sublimations at
75° (77 mam ) and 75° (1 atm), syn-9-d (61%,).

Anal. Caled for C;HoD,Cl: 18.18 atom 9, excess.
16.20 atom 9%, excess or 1.78 D per molecule.

exo,ex0-3,4-Dideuterio-exo-2-hydroxybicyclo[3.2.0]heptane (2-
d).—exo-2-Hydroxybicyclo[3.2.0] hept-3-ene, prepared by the
method of Winstein and Stafford,3? was reduced in absolute meth-
anol using 5% Pd-C (0.13 mol ) under 20 psig of deuterium gas.
The product, 2-d, was a viscous liquid.

Anal. Caled for C;HD;O:  16.66 atom 9, excess.
14.60 atom 9, excess or 1.75 D per molecule.

An undeuterated sample of 2 was prepared in an analogous man-
ner. By nmr and vpec (column C, 100°) analyses, the only noted
impurity in 2 and 2-d was unreduced exo-2-hydroxybicyclo[3.2.0]-
hept-3-ene (<£59). In our hands, the purity of 2 and 2-d was
not improved by repeated distillation, sublimation, and recrystal-
lization.

Reactions of Triphenylphosphine, Carbon Tetrachloride, and
Alcohols. A. With anti-1-d.—A solution of anti-1-d (1.14 g,
0.01 mol) and triphenylphosphine (2.88 g, 0.011 mol) in 6 ml of
carbon tetrachloride was stirred in a closed flask for 24 hr at room
temperature. Solvent was distilled at <35° (30 mm) in a dry
atmosphere. The residue was heated slowly at 16 mm pressure
to 175°. The distillate collected in a Dry Ice trap (1.15 g)
was sublimed and eluted on a 1.5-g Florisil column first with pen-
tane and then with methanol. Pentane was carefully distilled
and the residue obtained was sublimed at 55-70° to give syn-9-d

Found:

Found:

Found:

Found:

mp 43-45.
Anal. Caled for C;HyD,Cl: 18.18 atom 9, excess. Found:
17.90 atom %, excess or 1.97 D per molecule. Distillation of the

methanolic fraction left a solid whose nmr spectrum was that of
anti-1-d.

(25) Analyses conducted by Mr. Josef Nemeth, Urbana, Ill.

(26) W. Baird, Jr., J. Org. Chem., 81, 2411 (19686).

(27) P. R. Story, 7bid., 26, 287 (1861).

(28) H. Tanida and Y. Hata, ¢bid., 80, 977 (1965).

(29) We acknowledge the gift of potassium azodicarboxylate from Dr.
J. W. Hamersma; J. W. Hamersma and E. I. Snyder, ibid.,, 80, 3985
(1965).

(30) W. Baird, Jr,, B. Franzus, and J. Surridge, J. Amer. Chem. Soc., 89,
410 (1987).

(31) J. D. Roberts, F. Johnson, and R, Carboni, 7bid., 76, 5692 (1954).

(32) 8. Winstein and E, T. Stafford, ¢bid., 79, 505 (1957).
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In & similar fashion, 1 was allowed to react to yield 9 (539%,),
mp 41-44°,

When the dried phosphonium salt 8 was heated in chloroform
at 60° for 45 hr, no chloride 9 resulted.

B. With 2-¢.—A solution of 2-d (1.14 g, 0.01 mol) and tri-
phenylphosphine (2.88 g, 0.011 mol) in 6 ml of carbon tetra-
chloride was stirred in a dry atmosphere at 60-65° for 3.5 hr.
The solvent was removed at 1 mm. By vpe analysis (column C,
100°), the distillate collected by slowly heating the residue to
180° (1 mm) contained a 13.3:86 ratio of 10-d to anti-9-d. Pure
samples of anti-9-d and 10-d were collected by vpe (column C,
65°).

Similar reactions of 2 were conducted. Ratios of 10 to 9
varied from 3:97 for residue pyrolyzed at 160° (30 min) to 1.18:
for pyrolysis at 60° (6 hr in carbon tetrachloride). The maxi-
mum yield for purified 9 and 10 in any run was 199, (309, crude).

Isomerization Experiment of 10 and 9.—A solution of 0.1 g
of 9 and 10, 0.1 g of triphenylphosphine, and 0.1 g of triphenyl-
phosphine oxide in 0.2 ml of chloroform was heated to 150°
during 5 min. The ratios of 10 to 9 measured by vpe (column C,
100°) before and after heating were 1.0:3.0 and 1.0:3.1, re-
spectively.

Kinetically Followed Decomposition of 8.—Crude 8 was pre-
pared by stirring a solution of 1 (0.85 g, 7.6 mmol) and triphenyl-
phosphine (2.15 g, 8.2 mmol) in 7 ml of carbon tetrachloride at
65° for 3.5 hr. Solvent was removed ¢n vacuo and the residue

The Journal of Organic Chemistry

was twice shaken up in chloroform and precipitated with anhy-
drous ether. After being dried ¢n vacuo over phosphorus pentox-
ide, 8 was dissolved in deuteriochloroform (19, TMS) and sealed
in two nmr tubes. The tubes were heated at 120 == 3° and the
decomposition of 8 and appearance of 9 were monitored periodi-
cally by recording the nmr spectrum and integrating the signals
of the 7 proton of 8 (4.82 ppm) and of 9 (3.94 ppm). Experi-
mental plots of log [8] vs. time and log ([9], — [9])vs. time were
constructed. Both gave roughly straight-line slopes: for
decomposition of 8, & &2 7.7 X 10~¢ sec™!; for formation of 9,
k=282 X 10t sec~l.

Registry No.—Triphenylphosphine, 603-35-0; car-
bon tetrachloride, 56-23-5;  anti-1-d, 23667-07-4;
2-d, 23667-08-5; 9, 765-80-0; anii-9-d, 23667-10-9;
syn-9-d, 23754-34-9; 13, 13118-70-2.
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The ultraviolet spectra of a variety of f-amino e,8-unsaturated carbonyl eompounds and their N-alkyl and N-
acyl derivatives were examined with due regard for chromophore stereochemistry. Included in this study were
37 vinylogous amides, ~-NC=CC(0)-; 26 vinylogous imides, —(0)CNC=CC(0Q)~; 13 vinylogous urethans,

-NC=CCOOR; and 2 vinylogous ureas, ~NC=CC(O)N-.

Analysis of the relative locations of the = — =*

transitions gave substituent increments of -+75 mu for ¢fs-g-amino, +65 mu for trans-g-amino, 410 mu for g-N-

alkyl, —10 mu for 3-N-acetyl, and +6 mu for g-N-benzoyl.

These substituent constants can be used to distin-

guish between cis- and trans-vinylogous imides, and also to reinforce stereochemical assignments for vinylogous
amides and urethans based upon their molar extinetion coefficients.

Empirical rules for correlating the structure of an
a,f-unsaturated ketone with the ultraviolet (uv) ab-
sorption maximum of its = — #* transition were first
enunciated by Woodward*in 1941. Subsequently these
rules were expanded to include the corresponding alde-
hydes,® acids, and esters,® and the effect of ring size on
‘band positions for a,8-unsaturated carbonyl compounds
in general.” Considerable study has also been devoted
to the bathochromic effects of various substituents.
In 1959 Fieser and Fieser® modified slightly the solvent
corrections initially applied by Woodward.? As spec-
tral information accumulated, the results, including
substituent shifts, have been published®® periodically
in tabular form to facilitate their application.

(1) Part I: D. L. Ostercamp, J. Org. Chem., 80, 1169 (1965).

(2) Presented in part at the 3rd Great Lakes Regional Meeting of the
American Chemical Society, DeKalb, Ill., June 1969.

(3) Address for the 1969-1970 academic year: School of Chemical
Sociences, University of East Anglia, Norwich, England.

(4) R. B. Woodward, J. Amer. Chem. Soc., 68, 1123 (1941),

(8) L. K, Evans and A. E. Gilliam, J. Chem. Soe., 565 (1943).

(8) A. T. Nielsen, J. Org. Chem., 23, 1539 (1957).

(7) W. M. Schubert and W. A, Sweeney, J. Amer. Chem. Soe., 17, 2297
(1955).

(8) L. F. Fieser and M. Fieser, ‘‘Steroids,”” Reinhold Publishing Corp.,
New York, N, Y., 1959, pp 15-21.

©) (a) L, F. Fieser and M. Fieser, “Natural Products Related to Phen-
anthrene,” 3rd ed, Reinhold Publishing Corp., New York, N. Y., 1949, pp
184-198; (b) A. I. Scott, “Interpretation of the Ultraviolet Spectra of

The availability of vinylogous amides, 8-amino «,f-
unsaturated ketones, ~-NC=CC(Q)-, and imides, 8-
amido a,8-unsaturated ketones, ~(0O)CN=CC(0O)-,
of known structure and stereochemistry from a previous
project! prompted us to investigate their uv spectral
properties. Although a substituent inecrement of
+95 mu for a g-dialkylamino group (-NR3) of a vinylo-
gous amide was reported'® in 1946, the compounds in-
cluded in this study were limited in both number and
scope. In addition the relationship of stereochemistry
to substituent shift has not been thoroughly investigated
for this system. Planar structures I-IV'! allow maxi-
mum resonance stabilization. In the case of form II
intramolecular hydrogen bonding of -NH to carbonyl
oxygen is also possible.

Examination of the literature revealed the existence
of spectral data for related compounds such as vinylo-

Natural Products,” The Macmillan Co., New York, N. Y., 1964, p 58; (c)
H. H. Jaffe and M. Orchin, “Theory and Applications of Ultraviolet Spec-
troscopy,” John Wiley & Sons, Inc., New York, N. Y., 1962, Chapter 10;
(@) J. R. Dyer, "“Applications of Absorption Spectroscopy of Organic Com-
pounds,” Prentice-Hall, Inc., Englewood Cliffs, N. J., 1965, pp 11~15;
(e) D. J. Pasto and C. R. Johnson, "Organic Structure Determination,’
Prentice-Hall, Inc., Englewood Cliffs, N, J,, 1969, p 96.

(10) K. Bowden, E. A. Braude, and E. R. H, Jones, J. Chem. Soc., 048
(1948).

(11) Stereochemical labels throughout this paper refer to the chromo-
phoric system and not to any specific compound.



