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The observed energy transfer rate constant (唸)depends 
on the diffusion rate constant (kdif^ for diffusion of D* and A 
and the energy transfer during the lifetime of the exciplex or 
complex. If we assume the rate of dissociation of the exciplex 
or complex to be very fast relative to energy transfer (k^ff 

as in the case of triplet-triplet energy transfer of 
valerophenone to 2,5-dimethyl-2,4^iexadiene,5 the observ­
ed rate constant is a composite of the equilibrium constant 
(kdiff/k^ for exciplex or complex formation and the rate 
constant for energy transfer. In this case, the observed 
energy transfer rate constant is much smaller than the diffu­
sion controlled rate constant. It indicates that the self-quen­
ching of the benzophenone triplets must compete with en­
ergy transfer to 扮効s-BPyE and the photoisomerization 
quantum yields decrease as the concentration of benzophe­
none, 丄이, increases.
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The difference in affinities of rhodium(I) and iridium(I) 
toward a certain ligand is prominent, eg, reactions of 
IrA(CO)(PPh3)2 (A = monodentate anionic ligand such as 
halogens and QOJ with H2 give stable Ir(H)2A(COXPPh3)2 
which are quantitatively isolated at room temperature1 while 
Rh(H)2A(COXPPh3)2 has never been isolated from the reac­
tions of RhA(COXPPh3)2 and H2. The M-P bond in IrCl 
(PPh 3)3 is stronger than that in RhCKPPhJ* 나｝e latter is very 
effective catalyst for various organic reactions due to the 
significant dissociation of PPh3 from 가】odium in solution to 
provide a vacant site around rhodium for organic substrates2 
while the former is hardly employed as a catalyst mainly 
because the dissociation of PPh3 from iridium is negligible.

It has been known that Ir(C104)(C0)(PPh3)2 attacks both 
hydroxyl groups of «s-HOCH2CH = CHCH2OH ⑴ to give 
/ra«s-CH3CH = CHCHO but leaves the olefinic group 
intact.3 The rhodium analogue Rh(Cl()4)(CO)(PPh3)2 (2), how­
ever, behaves quite differently in the reaction with 1, which 
is described in this report along with related experimental 
results.

Rhodium-olefinic group interaction is apparent in the 
reactions of 2 and [Rh(CO)1PPh3)JCIO4 ⑶ with 1 but no evi­
dence for interaction between rhodium (in 2 and 3) and the 
hydroxyl groups of 1 has been observed (옹ee below). 2-Hy­
dro xytetrahydrofur an (4) is catalytically produced in the 
reactions of 1 with 2 or 3 (Table 1). Proton NMR spectral 
changes during the reactions clearly showed that a saturated

Table 1. Catalytic Production of 2- Hydroxytetrahydrofuran (4) in 

the Reactions of cis- But-2-en-1,4-diol (1) (2.0 mmole) with Rh 

(aO4XCOXPPh3)2 (2) (0.1 mmole) an 비 RMCOXPPhJJCIQ (3) (0.1 
mmole) at 45 °C under Nitrogen
Catalyst Solvent Time, 

(hr)

Yield

(%)

2 CDQ3(0.5 ml) 32 100

3 CDQ3(0.5 m/) 24 100

2 CDCH0.4 m0 + CD3OD(0.1 mfi 5 100

3 CDQ3(0.4 ml) + CD3OD(0.1 mZ) 3 100

2 CDCH0.4 mZ) + CD3COCD3(0.1 ml) 15 100

3 CDQ3(0.4 m/) + CD3COCD3(0.1 mJ) 10 100

aldehyde, presumably 4-hydroxybutanal (5), is produced and 
disappeared when a mixture of CD3COCD3 and CDQ3 is used 
as a solvent (see Experimental and Table 1). No other pro­
ducts such as but-2-enal (which is produced in the reaction 
of the iridium complex IHaO^COXPPh^g with 1* has been 
found. Accordingly, the production of 4 seems to occur 
thmugh the formation of 5 (equation 1). Formation of 5 is also 
strongly supported by the fact that complex 2 and 3 are very 
effective catalysts for the double bond migration of allylic 
긴cohols to produce the corresponding saturated aldehydes4 
and the double bond migration product 5 wo비d readily 
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undergoes cyclization to give 4 in the presence of acid or base 
and even under neutral conditions.5 It should be mentioned 
that there is no 4-hydroxybutanal (5) left in the reaction mix­
ture at the end of the reaction whereas the equilibrium be­
tween 5 and 4 (5/4 = 11/89) predicts somewhat significant 
amount of 5 could be seen.5

리。’'—/、애--------- --- ------------ * ho，、/、서\==/ Rh(C!O4>(CO)(PPh3)2 (2) or Q

|Rh(C0)(PPh3)3lC104 (3)

1 5

4

The reaction is slow in CDQ3 mainly because 1 is not 
miscible with CDQ3 and the reaction occurs in a heteroge­
neous reaction mixture to produce 4 which is miscible with 
CDCI3 to give homogeneous solution 죠t the end of the reac­
tion. Addition of CD3OD or CD3COCD3 into CDQ3 improves 
the solubility of 1 and makes the reaction rate윤 faster (see 
Table 1). Slower rates in CD3COCD3than that in CD3OD is 
best understood by stronger affinity of CD3COCD3 toward 
rhodium in 2 and 3 than that of CD3OD,6 i.e.t CD3COCD3 oc­
cupies the coordination site of rhodium more firmly than 
does CD3OD, and the former suppresses the interaction of 
Alodium and the olefinic gmup of 1 more effectively than 
does the latter.

Reactions were followed mostly by measuring change응 in 
proton NMR spectra using deuterated solvents. Some ex­
periments, however, were carried out using CH3OH in place 
of CD3OD, and no differences in reaction r처tes have been 
found. Exchange between hydroxyl hydrogens of 1 and 
deuteroxyl deuterium of CD3OD does not 옹eem to affect the 
rate of the formation of 4. This observation also support음 that 
the double bond migration step (1 ->5) is the slow rate deter­
mining step and the cyclization step (5 ->4) is rather f허st step 
as expected (see text above).

Employing hydroxyl hydrogen deuterated diol, cis- 
DOCH2CH = CHCH2OD (ID) also provides somewhat v지u- 
able information on the interactions of 1 with rhodium in 2 
and 3. Proton NMR spectrum of the product of the reaction 
of ID with 2 (or) unambiguou이y identifies 2-deuteroxy-3- 
deuterotetrahydrofuran (4D) as the product which is ap­
parently the cyclization product of 4^deuteroxy-2-deutero- 
butanol (5D) (equation 2). This observation confirms the in­
teraction between the rhodium and the olefinic group of ID 
(and 1) to lead the double bond migration to give a simple 
enoL l,4^dideuteroxybut- 1-en (6D) which readily undergoes 
ketonization to produce 5D (equation 2). It ha옹 been 
well-established that a simple enol is generated from the 
reaction of an allylic alcohol with 2 or 3 and rapidly 
undergoes ketonization to give the corresponding carbonyl 
compound in CDQ3.9 There is no evidence for the interaction 
between the deuteroxyl groups of ID and the rhodium in 2 or 
3 prior to the rhodium-olefinic group interaction. Formation 
of both 5D (from 6D) and 4D (from 5D) involves O-D bond 
cleavage, which may not necessarily require the rhodium 
c成긴yst (2 or 3) for the following reasons. Ketonization of 
simple enol is rapid in CDQ3 in the absence of a met진 com­

plex9a and 4-hydroxy aldehyde 5 readily undergoes cycliza­
tion to give 5-membered cyclic ether 4 even under neutral 
conditions.5 In short, it may be saf이y said that the form건ion 
of 4 is obtained as the results of the interaction of the olefinic 
group of 1 with the rhodium in 2 or 3. It still remains, how­
ever, obscure why the rhodium in Rh(aO4)(CO)(PPh3)2 and 
[RMCOXPPhJJCIQ interacts preferably with olefinic group 
of Ito initiate the double bond migration while the iridium in 
IHCl()4)(CO)(PPh3)2 attacks OH group of Ito abstract one of 
the two OH hydrogens and eventually catalyze오 the hydro­
genolysis of the other OH group to give CH3CH = CHCHO 
and leaves the olefinic group intact.3

DO’\=/、OD

ID

Experimental

Materials. 、…穴
Rh(aO4)(CO)(PPh3)2 ⑵ and [Rh(C°)(『电JJCIQ ⑶ 

were prepared by the literature methods.8 «5^But-2-en- 
1,4-diol (1) was purchased from Fluka (19150) and used 
without further purification. Deuterated diol, ns^DOCH2CH 
=CHCH2OD (ID) was prepared by H-D exchange reaction: 
a solution of HOCH2CH 드 CHCH2OH (1, 5 mZ) and D2O (10 
mZ) was magnetically stirred for 2 hours under nitrogen and 
treated with MgSO4 to remove water and filtered. This pro­
cedure was repeated further 3 times before it was finally 
distilled under vacuum to remove the rest of water. Proton 
NMR spectrum of ID prepared in this manner showed more 
than 90% of the OH hydrogens of 1 being replaced with 
deuteriums.

Catalysis
Reactions in CDQ^ A 2.0 mmole of cZs^but-2-en-l,4- 

diol (1) was added to a 0.5 ml of CDQ3 solution of RhCQOJ 
(CO)(PPh3)2 (2, 0.1 mmole) (or 3) in a 10 mZ n)und bottom 
flask under nitrogen, and the reactor was kept in a ther­
mostat maintained at 45 °C. A 0.5 mZ of the reaction mixture 
was transferred into an NMR tube to analyze the products at 
intervals. Proton NMR spectra clearly showed that new 
signals of 2-hydroxytetrahydrofuran ⑷(CHg-CH2-CH2-CH 
(OH), ^1.89 (m);-0H, ^3.0-5.0 (s);-O-CH2-CH2( d、3.80 
(m); -CH(OH),廿 4.92 (m)) gradually increase at the expense 
of signals of czs^but-2-en-1,4^diol (1) (-CH?-， 4.13 서); 

-OH, ^4.0-6.0(s);-CH = CH-, 65.62 (t)).
Reactions in CDCl하 and CDfiD. Addition of CD3OD (0.1 

mZ) solution of 1 (2.0 mmole) into CDCI3 (0.4 mZ) of 2 (or 3) 
under nitrogen yielded a homogeneous yellow solution. A 0.5 
ml of the solution was transferred into an NMR tube which 
was sealed tight with rubber cap and teflon tape and kept in a 
thermostat maintained at 45 °C. Proton NMR spectrum of 
the reaction mixture was measured at intervals to analyze 
products.

Reactions in CD% and CD£OCD金 These reactions 
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were carried out in the same manner described above for the 
reactions in CDQ3 and CD3OD. In some experiments (but not 
always) with 2, a small triplet (with the coupling constant be­
ing less than 2 Hz) was observed at 89.50 ca. 2 hours after 
the reaction started and disappeared soon. Appearence and 
disappearence of 산lis triplet could be observed several times 
in an experiment. The position, multiplicity and small coupl­
ing constant of the triplet unambiguously identify the triplet 
as the signal due to -CH2_CHO.

Reaction with cis-^)OCHfiH = CHCHflD (ID) in CDQ3 
and CDfiOCD3. This reaction was carried out with 2 in the 
same manner described above for reactions in CDQ3 and 
CD3COCD3. Proton NMR of the final product 아】owed signals 
only at SI.89 (m), 3.80 (m) and 4.92 (m) with integration ratio 
being 3:2:1 which are in good agreement ith 4D.
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Structural chemistry of organotin (IV) dithiocarbamate 
(dtc) complexes has been an interesting subject of study for a 
long time.1-6 However, no accordant evidences are establish­
ed for the bonding mode of the dtc ligand moiety for triphen- 
yltin(IV) complexes although several physicochemical 
techniques have been attempted for its characterization.7-11 
Even though the X-ray data determined for a crystalline 
solid complex gave us decisive evidence on the position of 
the ligand atoms,12,13 they could not be used with certainty 
for discerning the bonding fashion of the dtc ligand because 
of its ambiguous bond distance. For further understanding 
of this system, we report the crystal structure together with 
the 119Sn NMR of the interesting complex, bis(triphenyl- 
tin(IV))piperazinebis(dithiocarbainate)t (Ph3SnS2CNC2H4)2- 
2CH2CI2

The title complex was prepared by the literature pro­
cedure.9 Recrystallization of the crude product in a dichloro­
methane-petroleum ether solvent pair (1:1) at 0°C gave a 
colorless dichloromethane-solvated crystalline complex suit- 
a미e for X-ray study. The dichloromethane-solvated crystals 
were unstable when removed from the mother liquor and, 
therefore, the crystal used for X-ray study was wedged, wet 
with mother liquor, into a glass capillary which was then 
sealed. All the crystallographic data14 were obtained on 
an Enraf-Nonius CAD4 diffractometer with graphite mo­

nochromated molybdenum radiation (A(Kal) = 0.70930 A, 
人(I2)= 0.71359 A) at an ambient temperature of 23⑵。C. 
The tin atom was located using MULTAN-80,15 a system of 
computer program for direct method solution, and 난此 re­
maining atom앙 were located in a series of difference Fourier 
maps and least—squares refinements16 using SHELX-76.17 
All the hydrogen atoms, carbon atoms of phenyl group, and 
carbon and chlorine atoms of solvated dichloromethane were 
r은fh】ed isotropically. The remaining atom앙 were refined 
anisotropically. The carbon atoms of phenyl group were fix­
ed into a reg니ar hexagon. The 119Sn NMR spectrum18 rela­
tive to external Me4Sn was recorded on a Bruker AM- 
200 operating at 74.03 MHz(119Sn) in pulse mode with Fou­
rier transform at ambient temperature.

The molec니ar geometry and labeling scheme along with 
selected bond distances and angles for the title molecule is 
shown in Figure 1. The dichloromethane molecules solvated 
do not interact with the parent molecule and are not shown in 
the structure. The complex molecule is centrosymmetric. An 
interesting feature of the structure is the bonding mode of 
the dtc ligand. The Sn-S(l) di아ance of 2.473(3) A is a normal 
value of Sn-S bond found in typical anisobidentate bonding 
complexes such as Me2Sn(S2CNMe2)2 (2.497(8) A)19 and (t- 
Bu)2Sn(S2CNMe2)2 (2.489(1) A).20 However, the Sn-S(2) dist­
ance of 3.065(3) A in the present compound is considerably


