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Abstract — Primin, a biologically active benzoquinone natural product, was
efficiently synthesized in 56% overall yield in six steps starting from
commercially available 5-iodovanillin. The synthetic method involves crucial
steps, including a B-alkyl Suzuki-Miyaura cross-coupling reaction to directly
install an alkyl side chain in an aromatic ring and elaboration of quinone

functionality by degradative oxidation using Fremy’s salt to yield the target primin.

Primin, 2-methoxy-6-pentyl-1.,4-benzoquinone (1) (Figure 1), was first isolated as the allergenic principle
of the plant Primula obconia.' Subsequently, this natural product was also isolated from the plant
Miconia sp.? and the fungus Botryosphaeria sp.” In 2001, Kingston et al. reported the isolation of 1 from
the plant Miconia lepidota collected from the Suriname rainforest.* This substance was found to exhibit
antiproliferative activity against M109 murine lung cancer cells (ICs, = 10 pg/mL) and A2780 human
ovarian cancer cells (ICy, = 2.9 ug/mL)." It has also been reported that primin displays antibacterial
activity against Staphylococcus aureus (ATTC 25923) and methicillin-resistant Staphylococcus aureus

(MRSA) with equal MIC values of 8 pg/mL.’
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Figure 1. Structure of primin (1)
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In the course of our continuing research on the synthesis of biologically active quinoid natural products,’
we became interested in the synthesis of primin and its analogues with the aim of searching for potential
anticancer agents. Several reports on the synthesis of primin have been published to date,"” which
involved strategic methods for the introduction of the alkyl side chain at the aromatic nucleus and the
formation of the 1,4-benzoquinone moiety via oxidation of hydroquinone or phenol derivatives. However,
some of these syntheses required severe and/or difficult reaction conditions, the yields were often
unsatisfactory, and several of these methods are limited by the nature of the substituent in the aromatic
rings. Therefore, we investigated an alternative, more flexible, and reliable method for the synthesis of
primin, as well as its analogues. In this paper, we describe our results on the synthesis of primin using a
B-alkyl Suzuki—Miyaura cross-coupling reaction® and degradative phenol oxidation’ as the key steps.

Our synthetic plan for primin (1) is outlined in Scheme 1. We envisioned that the target molecule 1 could
be derived from phenolic compound 2 by its oxidative degradation to the corresponding quinone.’
Intermediate 2 with the requisite alkyl side chain and appropriate functional groups was to be prepared
via the B-alkyl Suzuki-Miyaura cross-coupling reaction® between aryl iodide 3, which is accessible from
5-iodovanillin (5), and organoborane 4. To the best of our knowledge, the utilization of the direct
alkylation method (cf. 3 + 4 — 2) for synthesizing 1 is unknown to date, and thus, this approach posed a

challenge from the viewpoint of synthesis.
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Scheme 1. Synthetic plan for primin (1)
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As shown in Scheme 2, the synthesis commenced with protection of the phenolic hydroxy group in
commercially available 5-iodovanillin (§) to give the corresponding benzyl (Bn) ether 6 in 86% yield.
Initial attempts to realize the B-alkyl Suzuki—Miyaura cross-coupling reaction of 6 and organoborane 4
[prepared in situ by hydroboration of 1-pentene with 9-borabicyclo[3.3.1]nonane (9-BBN)] resulted in an
unsatisfactory yield of the coupling product (ca. ~50%). Therefore, we decided to conduct this
cross-coupling reaction after protecting the sensitive formyl group in 6 as the ethylene acetal 7 (88%). As
a result, the critical cross-coupling reaction of 7 with 4 proceeded smoothly and cleanly under the
optimized conditions [PdCL,(dppf) (5 mol%), Cs,CO,, THF, reflux, 30 min]; the desired coupling product
8'° was obtained in high yield (92%). Subsequent acidic hydrolysis of the ethylene acetal moiety in 8
followed by hydrogenation of the resulting aldehyde 9 (H,, 10% Pd/C, EtOH, rt, 3 h), provided
p-hydroxybenzyl alcohol 10 in 94% yield after the two steps. Finally, the critical quinone formation
reaction was successfully achieved by oxidative degradation of 10 using Fremy’s salt [(KSO;),NO] in pH
6.0 phosphate buffer/CHCI, (4:1) at room temperature, resulting in the formation of target 1'' in high
yield (86%).
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Scheme 2. Synthesis of primin (1). (a) benzyl bromide, K,CO,, acetone, reflux, 86%; (b) ethylene glycol,
p-TsOH-H,0O, benzene, reflux, 88%; (c) l-pentene, 9-BBN, THF, rt; add. 7, PdCl,(dppf) (5 mol%),
Cs,CO,, THF, reflux, 92%; (d) 1 M HCI, THF, rt, 99%; (e) H,, 10% Pd/C, EtOH, rt, 95%; (f) Fremy’s salt,
pH 6.0 phosphate/CHCI, (4:1), rt, 86%. 9-BBN = 9-borabicyclo[3.3.1]nonane, dppf =1,1’-bis(diphenyl-
phosphino)ferrocene, Fremy’s salt = potassium nitrosodisulfonate.

Thus, we have accomplished the synthesis of primin (1) in 56% overall yield in six steps from the
commercially available starting material 5. The key steps of the synthesis involve the B-alkyl

Suzuki—Miyaura cross-coupling reaction of aryl iodide 7 and organoborane 4 to introduce the requisite
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alkyl side chain in the aromatic ring (7 — 8, Scheme 2) and elaboration of the quinone functionality by
oxidative degradation of phenolic compound 10 to complete the projected synthesis (10 — 1, Scheme 2).
The main advantages of the present methods are the higher yield, milder reaction conditions, and greater
flexibility in producing primin analogues that with various alkyl side chains when compared to other
reported methods.*” On the basis of the results of this study, we are currently synthesizing additional
analogues of 1 with the aim of exploring their structure—activity relationships. In addition, further

investigations to identify the action mechanism of 1 by using synthetic samples are in progress.
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