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ABSTRACT
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The rhodium-catalyzed formylation of organomercurials—a new transformation of organomercurials—is reported. The addition of 0.50 equiv
of 1,4-diazabicyclo[2.2.2]octane (DABCO) was found to promote the reaction, and it is postulated that the DABCO acts as a ligand for mercury.
Several examples are presented to document the scope of the reaction. This reaction was developed in the context of a larger program
focused on the development of efficient strategies for the synthesis of polyol-derived natural products, and an efficient (8 steps) synthesis of
Tolypothrix pentaether that employs this methodology is reported.

The ubiquity of (1, 3, 5..) polyol segments in many G

biologically active natural products has led to the develop- Scheme 1
ment of various strategies for their synthés@ur efforts in o —
; ; i 0 "X o x 0
this regard have focused on various alkene carbonylation .co Cat
reactions. One approach entails the addition of a tethered R)\/\ Tt R)\)\/”\H

nucleophile and a formyl group across the alkene of a Et £t
homoallylic alcohol (Scheme %j.Envisioning a two-step : :
version of this transformation, we have recently disclosed ¢ EtCHO "o 2 0
the oxymercuration of homoallylic alcohol-derived hemi- R)\/\WR/\/\/HQX"*R}\/\)]\H
acetals depicted in Schemé th the second step, formylation
of the resultant organomercurials would provide the desired
aldehydes. An allylation reaction would then provide a new rials and the first application of the strategy outlined above
homoallylic alcohol for reiteration of the sequence. Herein to the synthesis of a polyol-derived natural product.

we report the Rh(l)-catalyzed formylation of organomercu-  Direct carbonylations of organomercurial compounds are
low yielding and require high temperatures and pressures;
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water and alcohols for the carbonylation of organomercurials was achieved with the use of 1,4-diazabicyclo[2.2.2]octane

to generate carboxylic acids and esteitsseemed plausible
that replacement of the ROH trap for the metal acyl with H

(DABCO) that was highly dependent on the stoichiometry.
Whereas the use of 1.0 equiv of DABCO led to the isolation

could lead to an aldehyde synthesis. In principle, a catalytic of aldehyde? in 46% yield, the use of 0.50 equiv of DABCO

cycle similar to hydroformylation can be proposeahd we
therefore focused our attention on rhodium.

For our initial attempts at formylation we utilized Rh-
(acac)(CO) (4 mol %) as catalyst and P-(@+-BuPh)® (4
mol %) as the ligand. Subjection of unpurified organomer-
cury acetatel, formed as previously describétto these
conditions in a stainless steel pressure reactor (800 gsi H
CO (1/1), CHCN, 50°C) for 12 h led to the production of
aldehyde 2 in 30—40% yield (two steps) along with
substantial amounts of aci@ (Scheme 2):# The acid

Scheme 2
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byproduct is believed to result from hydrolysis of the mixed

produced in 70% yield. The latter result stands in contrast
to the poor results observed with 0.50 equiv of other diamines
such as MENCH,CH;NMe;.

It is well-precedented that amines bind to mercuand
we propose that certain amines promote the desired formyla-
tion reaction by binding to Hg, and that this interaction can
be electronically and sterically tuned®Hg NMR spectros-
copy was employed to investigate the nature of the DABCO
organomercurial interactio.Solutions of organomercury
chloride 4, 4 with 0.50 equiv of DABCO, and! with 1.0
equiv of DABCO in CDC} displayedt®*Hg chemical shifts
of —955, —935, and—923 ppm, respectively. These data
suggested that different DABCO—RHgCI complexes are
formed depending on the stoichiometry and are consistent
with the 1:1 and 1:2 complexes depicted in Figur&-®.

c- b. - -
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Figure 1. Proposed binding of DABCO to RHgCI (a) 1:1 and (b)

acetic anhydride formed upon acetate transfer at some point; >

during the catalytic cyclé?

To avoid this acetate transfer, it seemed reasonable to
investigate the rhodium-catalyzed formylation of the orga- Although no clear trend is readily apparent from the data in

nomercury chlorides. Although initial experiments were

Table 1, we would only point out that DABCO is unique in

discouraging and produced very little of the desired aldehyde, that the two amines are conformationally locked in proximity
it was soon discovered that the desired formylation could to each other and therefore interact strongly. This effect is
be promoted by the addition of amines. Subjection of manifested, for example, in the unusually low3) pK, of

organomercury chloridé to the action of Rh(acac)(Co
mol %) and P-(Os-t-BuPh} (4 mol %) in a stainless steel
pressure reactor (800 pspi@0O (1/1), EtOAc, 50C) led to
varying amounts of aldehydeaccording to the amine used
(Table 1). In these experiments the major identifiable

byproduct was derived from simple reduction of the orga-
nomercurial to a methyl group. Interestingly, a breakthrough

Table 12 Screening of Various Amines in the Rh-catalyzed

Formylation of Organomercury Chloride
Et

wm
-

A 4 mol% Rh(acac)(CO)»

o o 4 mol% P(O-o-t-BuPh); 0 o 0]
oo™ "1 Ho/CO, EtOAC, 50 °C n-Oct/\/\)l\H
4 Amine 2
amine equiv y (%)P amine equiv v (%)°
N-Me-Morpholine 1.0 0 MesNCH,CHoNMe, 1.0 22
0.50 36
pyridine 1.0 0
N (DABCO) 1.0 46
quinuclidine 1.0 46 ZNJ 0.50 70

“All reactions were conducted in a stainless steel pressure reactor
equipped with a pressure guage and a glass liner. 2Isolated yield of
purified product 2.
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(DABCOH,)?", as compared with aiy of ~7 for (HsNCH,-
CH,NH3)?*.13 Drawing an analogy to Lewis basicity, the 1:2
complex is unique among the amines screened in that the
donor is an sphybridized amine with unusually low basicity.
Finally, we note an interesting mechanistic postulate in the
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experiments employing 0.50 equiv of DABCO. As the tolerated (entries 1—3). An alkene substituent (entry 4) was
organomercury chloride is consumed, HCl is produced, and also tolerated albeit with diminished yield. Apparently,
therefore a proton can replace the consumed RHgCI on thetransmetalation and formylation are significantly faster than
DABCO. In this fashion both amines remain complexed simple hydroformylation of the disubstituted alkene. Finally,
throughout the reaction, and the effectiveness of the DABCO alkyl substitution within the 1,3-dioxane ring (entry 5) seems
ligand is not reduced. to have a slightly deleterious effect, leading to a moderate
On the basis of this proposal that the DABCO binds to yield of the desired aldehyde.

the mercury, and that there is something unique about this From a process point of view it would be desirable to
interaction when the other amine is also complexed, it was render the oxymercuration and carbonylation reactions a one-
straightforward to predict that the monoquaternized salt pot procedure. Besides being more efficient, this would
(DABCO-Me)"(OSQ:CHs)~ should be an effective amine  eliminate completely the handling of organomercurial inter-
additive. Indeed, subjection of organomercury chlodde mediates. We have established preliminarily the feasibility
the conditions outlined in Table 1 with 1.0 equiv of this of this approach as described in Scheme 4. Thus, homoallylic
amine led to the production of aldehy@ein 77% vyield

(Scheme 3). While this experiment does not provide direct _
Scheme 4
| 9

1. E{CHO, HgCIOAC

Scheme 3 2
OH 2. Rh(acac){CO),
Et Et )\/\ P(O-o-t-BuPhj, o/\o 0
A 4 mol% Rh(acac)(CO); A n-Pent - TH,ICO, EtOAC, 50 °C n-Pent H
9" o 4 mol% P(O-0-t-BuPh)g oo 0 5 0.50 equiv DABCO 51%yield 6

HgCl o
mom/\/“\/ 9C1 Ho/CO, E10AC, 50°C oy

¢

Me
1.0 equiv; ’i} OMs 77% yield _ -
N alcohol5 was subjected to the previously reported oxymer-

curation conditions with HgCIOAc and EtCHO. The reaction
mixture was simply concentrated in vacuo and then directly
evidence of an interaction between the amine and mercury,subjected to the formylation conditions reported here. This
it is nevertheless consistent with the proposal and providesone-pot procedure delivered aldehy@len 51% vyield.
strong circumstantial evidence for it. As a demonstration of the effectiveness of the approach
With these initial results established, we endeavored toto polyol synthesis outlined here, we have developed a
explore the scope of the reaction. Table 2 outlines our resultssynthesis offolypothrixpentaether (7, Scheme 5), a natural
product isolated from the blue-green alga@elypothrix

] conglutinata and Scytonema mirabil&® Our synthesis

Table 22 Rh-Catalyzed Formylation of Organomercury began with an oxymercuration of homoallylic alcolBokith

Chlorides HgCIOAc, acetone, and 5 mol % Yb(O%fio give organo-
Et Et
oo Ao POotBun 07N o |
RIS TH,ICO, EOAC, 50 °C R1WI\H Scheme 5
R2 R2 0.5 equiv DABCO R2 R2 Me Me Me Me
entry R R? y (%)P )Oi/\ La o o b o™ o
1 n-Pent H 77 Pent”g N 79% n-Pent)\/:,\/ HoC! 75% n-PentWH
2 BnOCH, H 70 c ng%
3 TBSOCH,CH H 79 Me Me My‘"e Me)i‘"e
4 (E)-+PrCH=CH H 61 j\/‘f’\/f\/‘f\/H L w
5 n-Pent Me 60 n-Pent > o 60%  p.pent »
“All reactions were conducted in a stainless steel pressure reactor b¢67%
equipped with a pressure guage and a glass liner. Psolated yield of Me Me Me Me Me Me Me Me
purified product. OXO o™ o ¢ 0" Mo oxo o |
—
mPentWH 90% mPent/l\W
for the carbonylation of several representative organomercury e Qv Ve pMe v d
chlorides®@ Several solvents were screened, with EtOAc Me x (ref. 161)

consistently providing the best results. Several ligands for “@) HeClOAc, 5 mol% Yb(OT), acetone. (b) Rh(acacXCO),,
rhodium were screened as well, with bulky triaryl phosphites PQ-o+BuPh), 0.50 equiv DABCO, 800 psi Hy/CO, EtOAc, 50 °C.
proving to be the most effectiVé.There was a range of  © (Hpe;BCH,CH=CH,, Et,0, -78 to 23 °C. (d)i. p-TsOH, MeOH;
functional group tolerance at the 6-position of the 1,3-dioxane ii. KH, Me,S0,, THF.

ring; alkyl, benzyloxy, and silyloxy groups are all well
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mercury chlorided in 79% yield3" Subjection of this material  method to generate aldehydes relevant to polyol synthesis.
to the formylation protocol outlined above gave aldehyde The efficient production of protected 3,5-dihydroxyalkanals
10in 75% yield. The first iteration of the three-step sequence from homoallylic alcohols employs only readily available
was then completed with a diastereoselect&d:1) Brown reagents (acetone, HgCIOAc,HCO, DABCO) and is thus
allylation'” to produce homoallylic alcohdl1 in 82% yield. an attractive synthetic method. Although our future efforts
With this material in hand, the sequence was simply repeatedwill focus on rendering the process catalytic in mercury, and/
to produce organomercury chloride?, aldehydel3, and or discovering other metals capable of similar chemistry, the
homoallylic alcohol14 in 60, 67, and 90% vyields, respec- present work highlights both a new reaction of organomer-
tively. Alcohol 14is an intermediate in a Briickner synthesis curials and a unique approach to tuning the reactivity of
of the natural product, and their final steps involved acetonide organomercurials for organic synthesis.
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