cantly shorter than the distances of 1.968 and 1.961 A ob-
served in RhI;(CO)CPhNMeCPhNMe,’ and
RhCl;(CHNMe;,)(PEt3),,6 respectively. It is also signifi-
cantly shorter than other Rh(I1I}-C(alkyl) single bond dis-
tances (2.05-2.08 A)7-10 even allowing for the change in
covalent radius from C(sp?) to C(sp®). The shortness of the
Rh-C bond may result from increased back-donation from
metal d to the p, orbital on the trigonal carbon atom. 1t
may also result from ligand constraints. Although short,
this Rh-C distance is still longer than the Rh(I1II)-C(car-
bonyl) distance (1.89 A) observed in the rhodium carbonyl
complex mentioned above.’

The carbene carbon atom has the expected high trans in-
fluence, resulting in a Rh-Cl bond which is longer than
those observed when chlorine is trans to another chlorine
ligand!! (2.34 A) or to pyridine’ (2.339 A). However, it is
shorter than the Rh-Cl distance of 2.531 A observed when
a benzyl carbon atom is the trans ligand.’

Within the metallocyclic rings there is some delocaliza-
tion evident as witnessed by the C(2)-O(1) and C(1)-N(1)
bonds being longer than the double bond values (compare
C(4)-0(2) and C(3)-N(2)). Similarly N(1)-C(2) is short-
er than a C-N single bond (1.43 A). In the ring involving
Rh, C(1), S(1), C(3), and S(2) the C(1)-S(1) and C(3)-
S(2) bonds are both intermediate between single and double
bonds so here again the possibility of delocalization exists.

The ring involving Rh, C(1), N(1), C(2), and O(1) is es-
sentially planar with only C(2) being displaced by 0.015 A
from the mean plane. The Rh-S(2)-C(3)-S(1)-C(1) ring
is slightly puckered with C(3) and C(1) deviating from the
mean plane by 0.032 and —0.039 A, respectively. The sta-
bility of this complex may arise in part from resonance sta-
bilization resulting from the extended = system on the lig-
and and on the nearly coplanar phenyl groups.

Analogous reactions involving benzoyl isocyanate in
place of benzoyl isothiocyanate yield five-membered metal-
locyclic structures, as determined in a routine matter spec-
troscopically. The present results illustrate the striking dif-
ferences that may be expected between reactions of isocyan-
ates and isothiocyanates with low-valent transition metal
systems.
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Application of Copper(I)-Induced Thiophenoxide
Removal to Ring Expansions or Chain Extensions of
Aldehydes and Ketones, Detection, Isolation, and
Independent Preparation of the a~-Epoxy Thioether
Intermediate

Sir.

Recent work from this laboratory! has demonstrated that
sulfur-stabilized carbonium ions can be readily generated in
organic solvents under mild conditions by removal of a thio-
phenoxide ion from a thioacetal or thioketal using soluble
cuprous trifluoromethanesulfonate (triflate).2 The proce-
dure was applied to the syntheses of a variety of vinyl sul-
fides and of a furan. We now report applications which re-
sult in new synthetic procedures and which illustrate the
high selectivity of the process.

The a-hydroxydiphenylthioacetals (2, 3 mmol in a typi-
cal run), readily obtained by the addition of the lithio deriv-
ative (1) of dithiophenoxymethane to aldehydes and ke-
tones,? react with cuprous triflate (6 mequiv) in benzene
(15 ml) containing diisopropylethylamine (4 mmol) to give,
in most cases, good yields of rearrangement products, 4,
presumably via the intermediate cation 3,4

HO CH(SPh),
/ Ccu”

———

(PhS),CHLi + RCOR' — C -
/ \ —

1 R R L

CuSPh + \C —_—

Rl

RCO(IDHSPh + >——\E—<
4

The procedure provides a method for producing the ho-
mologous a-thiophenoxy ketones and it results in ring ex-
pansion in the case of cyclic ketones (Table 1). The ketonic
products thus functionalized are exceedingly useful synthet-
ic intermediates® and some would be difficult to prepare by
available procedures, This overall insertion process should
thus find use in synthesis, Although a number of ring-ex-
pansion procedures for ketones are available, none of them
lead directly to 2-sulfenylated ketones and most suffer by
comparison with the ‘Present method with regard to ease of
operation and yield,®
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Table I.  Yields and Conditions for Rearrangement Reactions

Substrate
(% yield from 1)& b Temp, °C (time, hr) Product (% yield)a
EtCH(OH)CH(SPh), (80) 78 (1) EtCOCH,SPh (66)
Et,C(OH)CH(SPh), (90) 78 (1) EtCOCH(SPh)Et (88)
MeC(OH)(i-Pr)CH(SPh), (85) 78 (1.5) MeCOCH (SPh)-i-Pr (81)
OH o}
d»msph,; (86) 46 (2.3) (72)
SPh
O
H (81) 78 (1) (IO (83)
CH(SPh), SPh
OH O 0
(84)¢ 78 (1.5) (I (74),d 9y
CH(SPh), SPh SPh
OH

CH(SPh), (74)

OH
©<CH(SPhD, (86)

45€ (1.5),F 56€ (3)8

45 (9),7 62 (5)¢

0 SPh
@sph (58) (:KCHO (13)
SPh
O e
CHO

@ Yield of purified material, except where noted. » Yields of adducts not optimized. ¢ Two stereoisomers (65 and 19%); the major one used
for the rearrangement. d Yields determined by reduction (Li, NH,) of the mixture of isomers to 2- and 3-methylcyclohexanone and GLC
analysis. ¢ When the reaction was performed for 1.3 hr in refluxing toluene, 16% of the ketone and 43% of the aldehyde were produced.
STemperature and time for conversion to an unisolated intermediate believed to be the epoxide. £ Temperature and time for rearrangement of

the intermediate to products. # For complete conversion to epoxide.

The results in Table 1% indicate that hydrogen migrates
faster than alkyl and that the most highly substituted alkyl
group migrates preferentially. The ring expansion proceeds
smoothly with the adducts of four-, five-, and six-membered
ketones. However, in the latter case, when the temperature
is allowed to rise much above 56°, the yield of a minor
product, 1-thiophenoxycyclohexanecarboxaldehyde, in-
creases at the expense of the cycloheptanone; in refluxing
toluene this aldehyde becomes the major product. The at-
tempted ring expansion of cycloheptanone fails completely;
instead  |-thiophenoxycycloheptanecarboxaldehyde (5,
Table I) is produced in 78% yield.

Careful monitoring of most of the reactions of Table I by
thin layer chromatography revealed a reaction intermediate
which moves more rapidly than either reactant or product.’
In the case of the adducts of cyclohexanone and cyclohepta-
none, solutions rich in the intermediates were obtained by
performing the reaction at a lower temperature (~45°)
than used for preparation of the rearrangement products
(78°). Raising the temperature (Table 1) then caused con-
version to the rearrangement products. Nearly pure (by 'H
NMR) samples of the intermediates were obtained in the
cases of the adducts from diethyl ketone and cyclohepta-
none by performing the reaction at 45° and passing the
product rapidly through a short silica column to remove
copper salts and amine. Spectra (ir and 'H NMR) of these
materials and a less pure substance obtained in the same
way from the adduct of cyclohexanone are consistent with
structures of a-epoxy thioethers (6). These compounds, and
analogous ones prepared by another procedure (see below),

HO  CH(SPh),
N/

cu*
AN =
R ’ Q
R 0 -Me,S gy "
>ZA\ = phscus * RCR
R’ SPh
6 7

are unstable to the usual methods of purification but an an-
alytical sample of that (6; R,R’ = -(CH3)¢-) from cyclo-
heptanone was prepared by preparative TLC on the slightly
basic E. Merck aluminum oxide G (type E):!® 'H NMR
spectrum 6 1.4-2.13 (m, 12 H), 4.10 (s, 1 H), 7.08-7.55 (m,
5 H); the mass spectrum was almost identical with that of
1-thiophenoxycycloheptanecarboxaldehyde (5), 234 (62),
205 (100).

Treatment of cycloheptanone (3.6 mmol) with the ylide
7'1 (prepared at —20° from 3.7 mmol of the sulfonium bro-
mide!! and 3.8 mmol of #-butyllithium in 35 ml of THF) at
—20° and then room temperature yielded the same (TLC,
NMR) epoxide (66%) contaminated with 6% of cis- and
trans-1,2-dithiophenoxyethene.!! Similarly contaminated
epoxythioethers could be prepared from diethyl ketone
(product identical by NMR with that prepared as above),
propionaldehyde (two stereoisomers), and cyclopentanone.

The only previous report of an a-epoxythioether is that of
Tavares and Estep'? who found that benzaldehyde and pi-
valaldehyde (but not ketones) react with chloromethyl p-
tolyl sulfide in the presence of potassium terz-butoxide to
give the p-tolyl analogs of 6 (R = phenyl or tert-butyl, R’
= H).!3 The two methods of preparation of these inter-
esting compounds reported here are quite convenient and
apparently general and we should like to encourage a study
of their chemical properties by others.!?

It is significant that under our reaction conditions carbo-
nium ions can be produced by attack of copper(I} on sulfur
even in the presence of acid-sensitive tertiary alcohol func-
tions. However, it is much more striking that, at a given
temperature, production of a carbonium ion from a thioace-
tal is considerably faster than generation of the same type
of (and possibly identical) carbonium ion from the extreme-
ly acid sensitive a-epoxy thioether; this follows from the
fact that the latter forms in high yield from a thioacetal and
a cuprous ion. This great selectivity of the soft acid cop-
per(l) toward sulfur suggests that our procedure should
find use in the production of carbonium ions by thiophenox-
ide removal even in the presence of functional groups which
are capable of rapid reaction with (hard) protonic acids to
form carbonium ions of a different type.'s
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(5

Interpretation of Fluorescence Detected
Circular Dichroism Data

Sir:

Recently Turner et al.! reported on the use of fluores-
cence for detecting circular dichroism (CD) in molecular
systems. We have also been investigating this technique and

wish to report on some similarities and differences between
their results and ours. In particular the approach taken by
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us on the analysis of results provides some guidance on how
the contributions of various competing mechanisms might
be disentangled.

[t is known that circular dichroism is a powerful tech-
nique for investigating molecular structure. Until recently
all such investigations were carried out in transmission.
More recently Schlessinger and Steinberg?? have shown
that measurement of the circular polarization of the light
emitted in fluorescence can often provide the same type of
information. In the event that there is molecular rearrange-
ment or energy transfer while the molecule is in the excited
state, the Schlessinger and Steinberg technique can provide
information otherwise not obtainable through other means.
In another development Pao* and Einhorn et al.® have
shown that CD may also be measured in reflection. How-
ever the reflection method suffers from some practical limi-
tations, the need for extreme accuracy in optical alignment
being one of these.

The transmission experiment is perfectly satisfactory ex-
cept when the samples of interest become nearly opaque
and/or when nonhomogeneous samples (such as cellular
structure of nonuniform composition) are involved. Under
such circumstances the technique reported by Turner et al.
and studied by us constitutes a powerful alternate approach.
Another circumstance of interest is the one emphasized by
Turner et al., namely, the possibility of disentangling two
overlapping CD species, only one of which is fluorescent.

However, use of the fluorescence technique brings with it
certain complexities in the interpretation of results. Some of
these are mentioned in the Turner et al. communication and
we wish to expand on these in this note.

Laser excitation by an Argon ion laser at three discrete
wavelengths, namely, 458, 476, and 488 nm, were used in
our experiment. An Isomet Model 401-A Pockel cell is used
to modulate the polarization of the incident beam. The fluo-
rescence output is detected either in the forward direction
and/or at 90° to the excitation beam. The light output is
detected with a Hamatsu Type R375 photomultiplier, and
the resulting electrical signal is processed through a P.A.R.
Model HR-8 lock-in amplifier. The DC output voltage of
the PMT is held constant by automatic control of the pho-
tomultiplier high voltage supply. The sensitivity and other
CD measurement characteristics of this spectropolarimeter
are similar to those of commercially available instruments,
provided laser excitation is used.

The system studied by us is the polysaccharide chondroi-
tin sulfate Type A (CSA) complexed with acridine orange
dye. The system turned out to be a very difficult system. As
we proceeded, we found that results varied appreciably de-
pending on the ratio of the concentrations of CSA and dye
and on whether the dye was added to the polymer solution
or whether polymer was added to a dye solution. Further-
more CD varied drastically with temperature. After we had
unraveled or at least had characterized these trends, we find
that the CD detected in fluorescence agreed with that ob-
tained in transmission in general trends but could be off by
a scaling factor (0.5-6) which varied from case to case.

In interpretation of data we represented possible systems
somewhat differently compared to the scheme used in the
Turner publication. We feel that two basic types of situa-
tion may be present in the FDCD experiment.

The first and simplest situation arises when an optically
active nonfluorescent material is present with another fluo-
rescent nonactive material. Near the front surface of the
sample where the intensity of the alternately left then right
circularly polarized incident beam is constant, the fluores-
cence output is also constant. However, for an interior point
of the sample there are variations in the incident light inten-
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