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Abstract: Proposed structures of pinpollitol, namely 1,4aH liriodendritol. Since demethylation of pinpollitol provid-
methyl-chiro-inositol and 1,3-diO-methyl-chiro-inositol, have ?d D'Chlro_mOSItOI' It was (_:on_clud_ed that (+)-p|npo_II|toI
been synthesized frommyo-inositol. Racemic 1,4-eD-methyl- 1S @ dimethyl ether ob-chiro-inositol. Of the possible
chiro-inositol has been synthesized from the readily availabline structures for the dimethyl ether @firo-inositol,
1,2:4,5-diO-isopropylidenemyo-inositol, in five steps whiloL-  based on the lack of symmetry in the NMR spectrum and
1,3-drO-methylchiro-inositol  from myo-inositol  1,3,5-ortho-  correlation of chemical shifts of both pinpollitol and its
formate in nine steps. A comparison of the reported NMR data fétraacetyl derivative with similar type of compounds, the
pinpollitol with those of synthetic dimethyl ethers revealed thaéluthors have tentatively proposed two probable structures
pinpollitol is b-1,4-diO-methyl<chiro-inositol. Thus we have not . L . L -

only confirmed the structure of pinpollitol unambiguously but alséOr plnpqllltol, 1D-1,4-'d|-O'—me.thyICh|r0-|n05|tol' (1) and
achieved a rapid total synthesis of it from a cheaply availabfP-1,3-dFO-methylchiro-inositol (2). We herein report
starting materialmyo-inositol, in just six steps. the establishment of the absolute structure of pinpollitol

Key words. natural product, total synthesis, inositol, cyclitol,by total syntheses of bothand2 (Figure 1).

regioselectivity Myo-inositol (3) was chosen as the synthon for the synthe-
sis of 1 and2 for the following reasons: (ayo-inositol
is inexpensive starting material compared to ¢hieo-
A great deal of attention has been paid to the inositiwiositol; (b) since the selective protection—deprotection
chemistry since many of the family members are provesirategies fomyo-inositol is well explored,access to the
to possess interesting biological significah€.the nine required hydroxyl group(s) can be easily achieved by
possible isomergnyo-, D-chiro-, L-chiro-, scyllo-, neo-  adopting the known methodologies; (c) since pinpollitol is
and muco-inositols are naturally occurringgyo-inositol a derivative ob-chiro-inositol, determination of relative
being the abundant. In animals these inositols occur in thesition of two methyl ethers on racendaro-inositol
phosphorylated form while in plants they occur in phoskeleton is sufficient enough to establish the absolute
phorylated, methylated or in free forms. One or more metructure of pinpollitol.

thyl ethers of each of these naturally occurring inositolsy, the synthesis df from 3, inversion of configuration
have been isolated from plants. Most of these methy} ¢.3 and methylation of 3-OH and 6-OH are the essen-
ethers have been synthesizewving to the impractical 5| steps required. Inversion can be achieved by substitu-
isolation of these natural products. tion of a sulfonate moiety with an oxygen nucleophile.
Since no manipulation is required at 1-, 2-, 4- and 5-posi-
tions of myo-inositol, readily available 1,2:4,5-@-iso-
propylidenemyo-inositol @)° was chosen as the ideally
protected starting material (Scheme 1). Use of dilketal
synthon allows syntheses of optically active derivatives as
efficient methods are knowfior the optical resolution of
this diol. Enhanced reactivity of 3-OH #towards elec-
trophilic reagents is an additional advantage for selective
introduction of a sulfonate group (for subsequent inver-
sion) at this position. It has been repoftdtht 3-OH of
) ) ) S ) diol 4 is more reactive than 6-OH towards acylation,
(+)-Pinpollitol, a dimethyl ether athiro-inositol was iso- a|kylation, sulfonylation, etc. Regioselective sulfonyl-
lated from the pollen and needles of the pRintisradi-  ation of racemic dio#t with 1.1 equivalents of triflic an-
ata by Gallaghe?. (+)-Pinpoliitol is the first diO-methyl  hydride provided the monotriflaté (90%) as expected
inositol to be found in a gymnosperm and is the third djyith minor amounts of ditriflate, which could be removed
O-methyl inositols found in nature after dambonitol angy Washing with hexane. Nuc|eophi|ic substitution of
triflate 5 with KOAc in N,N-dimethylacetamide (DMA)

Figurel

‘ gave the racemic -O-acetyl-2,3:5,6-di0-isopropyl-
SYNLETT 2005, No. 5, pp 0769-0772 idenechiro-inositol () in quantitative yield. The most
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constant of 2.4 Hz confirming tlehiro-configuration (ae termediates for the synthesis2fAccess to 1-, 3- and 5-
and ee coupling). Later, this structural assignment wagdroxyl groups ofnyo-inositol can be achieved by tem-
confirmed by solving the single crystal X-ray structure gborary protection of these hydroxyls as orthoester fol-
(-)-6 (Figure 2) No product with retention of configura- lowed by protection of 2-, 4- and 6-hydroxyl groups and
tion has been identified. The acetét®n methanolysis acid hydrolysis of the orthoester functionality. Also it is
provided the racemic 1,2:4,5-@-isopropylidenechiro-  known that 1- and 3-hydroxyl groups are more reactive
inositol (7) in 94% yield. Diol7 on methylation provided than 5-OH. Hence initial protection of one of the two
(¥)-1,2:4,5-diO-isopropylidene-3,6-dD-methylchiro-  equivalent hydroxyl groups (1-OH or 3-OH) provides
inositol 8)% in good (99%) yield. The isopropylidene1(3),5-diol. It is known that 1(3)-OH is relatively more re-
groups were removed by acid hydrolysis to provitle ( active than 5-OH towards various electrophilic reagents.
1,4-di-O-methylchiro-inositol (1, 73%)? which was Since an inversion is inevitable at C-3 before methylation,
acetylated to get the tetraacet@t®3%)° 3-0OH can be sulfonylated selectively and inverted & S
substitution to have access to 1,3-diol wtiir o-inositol
5 configuration.

Myo-inositol 1,3,5-orthoformaté was converted to the
fully protected tribenzyl ethetO. Acid hydrolysis of10
provided the meso tridll. Regioselective benzylation of
triol 11 gave the knowit tetrabenzyl ethet2. In triol 11,
1-OH and 3-OH are identical due to the symmetry of the
molecule. Benzylation at 1(3)-OH give a dissymmetric
molecule while benzylation at 5-OH give anothaso-
compound. Thus, the position of benzylation can easily be
understood based on the presence or lack of symmetry in
the NMR spectrum. Between the two hydroxyl groups of
12, the more reactive 3-OH was sulfonylated with triflic
anhydride to provide the triflaté3 (81%). The most
deshielded proton appeared as a dd with coupling con-

2 AW K
"o O#O stants 7.6 and 2.0 Hz, which confirm the triflylation at O-
3. Also the remaining hydroxyl group showed coupling
6RL= Ac R2= H (LR=H (J = 2.4 Hz) with H-5. The triflated3 was acetylated to
7RI=R2=H / 9R=Ac give the monoacetatet (98%). The triflatel4 on nucleo-
d\gRrl=R2=Me

philic substitution with KOAc in DMA provided racemic

. . o, 1,2,3,5-tetraD-benzyl-4,6-diO-acetylchiro-inositol (15,
%ggnQeDlM A(?)mT f%?:;((lc')l ,\fgg',\\;l)é,p,%ggﬁ’r;ﬁ? (d)ZOMe(ﬁ‘,\EZ),_L 30%)° as a gum along with an unidentified product.
DMF, r.t.: (e) TFA, HO, r.t.; (f) AgO, pyridine, r.t. Methanolysis of the diacetafé provided the dioll6 in
83% vyield. Diol16 on methylation formed the dimethyl
etherl7 (63%) as expected. Finally, the hydrogenolysis
of the benzyl ether moieties provided racemic 1;8di
methyl-chiro-inositol 2, 89%)14 which was acetylated to
the tetraacetat&8'® in 93% yield (Scheme 2).

A comparison ofH NMR of pinpollitol and its tetraace-
tate with that of dimethyl ether& &nd2) and their tetra-
acetates9 and18) revealed that pinpollitol is 1,4-@-
methyl-chiro-inositol. Since pinpollitol is known to be a
dimethyl ether ob-chiro-inositol, the absolute configura-
tion of pinpollitol is D-1,4-di-O-methyl-chiro-inositol.

In conclusion, we have reported efficient routes for the

syntheses of proposed structures of pinpollitol. This has

established the structure of pinpollitol unambiguously.

We hope the chemistry explored here will be of interest to

Figure2 ORTEP diagram o6. a wider cross section of organic chemists as inositol and
other cyclitols are increasingly being used as synthons for

For the synthesis d from myo-inositol (3), inversion at Many natural product$ metal complexing agentégela-

C-3 and methylation at 3-OH and 5-OH groups are the iffrs;® catalysts? supramolecular assembli€s chiral

portant steps to be considered. Since diketal derivativesafxiliary** etc.

myo-inositols have protected 5-OH, they are not ideal in-
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Scheme 2 (a) CH(OEL), pTSA, DMF, 100 °C, 2 h; (b) BnBr, NaH, DMF, r.t.; (c) 1 M HCI, MeOH, reflux, 1 h; (d) BnBr, NaH, DMF, r.t
10 min; (e) TO, pyridine, 0 °C; (f) AgO, pyridine, 0 °C; (g) KOAc, DMA, 70 °C; (h) §, MeOH, reflux, 1 h; (i) Mel, NaH, DMF, 0 °C
() Pd/C, H, MeOH, EtOAc, r.t.
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Crystallographic data are deposited as CCDC 236206. These
data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html [or from the
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44
(1223)336033, e-mail: deposit@ccdc.cam.ac.uk].
Analytical datalH NMR (400 MHz, CDCJ)): § =1.35 (s, 3
H, CH,), 1.48 (s, 6 H, & CHj,), 1.50 (s, 3 H, Ck), 3.44 (dd,
1H,J=10.3, 5.9 Hz, H-3), 3.560 (s, 3 H, OgH3.564 (s,
3 H, OCH), 3.79 (dd, 1 HJ = 10.3, 2.4 Hz, H-5), 3.96 (t, 1
H,J=10.3 Hz, H-4), 4.02 (t, 1 B,= 2.4, 2.0 Hz, H-6), 4.14
(t, 1 H,J=5.9 Hz, H-2), 4.30 (dd, 1 H,= 5.9, 2.0 Hz, H-
1).13C NMR (100.4 MHz, CDG): § = 25.60 CH,), 26.50

(10)

(11)
(12)

(13)

(14)

(CH,), 27.10 CH3), 27.80 CH,), 58.50 (GCH,), 60.00
(OCH,), 74.70, 74.73, 77.26, 78.01, 80.64 (C-3 or C-6),
84.78 (C-6 or C-3), 109.24 (0-0), 111.34 (Cc-0).
Analytical data: mp 189-192 °&4 NMR (400 MHz, BO):
8=3.33(, 1 HJ=9.6 Hz, H-4), 3.43 (s, 3 H,HG), 3.60 (t,
1H,J=9.6 Hz, H-3), 3.60 (s, 3H}HZ), 3.64 (t, LHJ)=3.6
Hz, H-1), 3.74 (dd, 1 H1 = 9.6, 3.6 Hz, H-5), 3.81 (dd, 1 H,
J=10.0, 3.6 Hz, H-2), 4.22 (t, 1 = 3.6 Hz, H-6). ’C
NMR (100.4 MHz, DO, dioxane reference at 66.5 ppm):
5=58.5,59.6, 68.0, 69.8, 70.2, 72.3, 81.2, 82.5. Anal. Calcd
for CgH,O0 (%0): C, 46.15; H, 7.75. Found: C, 46.09; H,
7.59.

Analytical datalH NMR (400 MHz, CDCJ): 6 = 2.06 (s, 3
H, COCH,), 2.08 (s, 6 H, 2 COCH,), 2.13 (s, 3 H, COC}),
3.44 (s, 3H, O-CH}, 3.50 (s, 3H, O-Ck), 3.62 (t, 1 HJ =
10.3 Hz, H-4), 3.64 (t, 1 Hl = 3.4 Hz, H-1), 5.14 (dd, 1 H,
J=10.3, 3.4 Hz, H-2), 5.21 (dd, 1 B 10.3, 3.4 Hz, H-5),
5.43 (t, 1 HJ =10.3 Hz, H-3), 5.51 (t, 1 H,= 3.4 Hz, H-
6).13C NMR (100.4 MHz, CDG): § = 20.8 (CQTH,), 59.4
(O-CH,), 59.8 (O-CH), 67.6, 70.5, 71.1, 76.6, 78.5, 169.5
(O-COCH;), 169.6 (OEOCH;), 169.8 (OEOCH;), 170.3
(O-COCH,).

Lee, H. W.; Kishi, YJ. Org. Chem. 1985, 69, 4402.
Westerduin, P.; Willems, H. A. M.; van Boeckel, C. A. A.
Tetrahedron Lett. 1990, 31, 6915.

Analytical data’H NMR (400 MHz, CDCJ): § =1.93 (s, 3
H, COCH,), 2.01 (s, 3 H, COC}), 3.71 (t, L HJ = 3.9 Hz,
H-1), 3.74-3.80 (¥ dd, 2 H, H-2 and H-5), 3.88 (t, 1 Bi=
9.8 Hz, H-3), 4.31-4.89 (m, 8 HXICH,), 5.31 (t, 1L HJ =
9.8 Hz, H-4), 5.35 (t, 1 H = 3.9 Hz, H-6), 7.20-7.40 (m, 20
H, Ph).1*C NMR (100.4 MHz, CDG): 6 = 20.90 (C@&H,),
20.95(CQH,), 67.3,71.9,73.1,73.3,73.6, 74.6, 74.7, 75.5,
77.2,79.4,79.4,127.5, 127.6, 127.7, 127.8, 127.83, 127.9,
127.90, 127.92, 128.3, 128.4, 128.43, 137.8, 137.9, 138.1,
138.6, 169.8 (GOCH;), 170.02 (@OCH;). Anal. Calcd

for CygH,005:0.5H0 (%): C, 72.02; H, 6.52. Found C,
72.01; H, 6.89.

Analytical data!H NMR (400 MHz, BO): 6 =3.28 (t, 1 H,
J=9.4 Hz, H-3), 3.48 (s, 3 H, OGH 3.60 (s, 3 H, OC}H},
3.63 (t, 1 HJ=9.6 Hz, H-4), 3.64 (t, 1 H,= 3.6 Hz, H-1),
3.69 (dd, 1 HJ = 9.6, 3.6 Hz, H-5), 3.86 (dd, 1 Bi= 10.2,
3.6 Hz, H-2), 4.22 (t, 1 = 3.6 Hz, H-6)*C NMR (100.4
MHz, D,O, dioxane reference at 66.5 ppi&¥x 58.5, 59.8,
67.8,70.6,71.9,81.5, 83.0. Anal. Calcd fgH¢O4-1.4H0
(%): C, 41.16; H, 8.12. Found: C, 41.08; H, 7.86.
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(15) Analytical data’H NMR (400 MHz, CDCJ): § =1.99 (s, 3
H, COCH,), 2.08 (s, 3H, COC}), 2.14 (s, 6 H, ¥ COCH,),
3.47 (s, 3 H, OCk), 3.49 (s, 3H, OCH), 3.68 (t, L HJ =
3.4 Hz, H-1), 3.68 (t, 1 H] = 9.8 Hz, H-3), 5.12 (dd, 1 H,
J=10.3, 2.9 Hz, H-2), 5.20 (dd, 1 8= 10.3, 3.4 Hz, H-5),
5.34 (t, 1 HJ=9.8 Hz, H-4), 5.49 (t, 1 H,= 3.9 Hz, H-6).
13C NMR (100.4 MHz, CDG)): § = 20.65 (C@H,), 20.82
(COCH,), 20.86 (C@HS,), 21.02 (C@&H,), 59.32 (OCH),
60.57 (OCH), 67.24, 69.23, 71.26, 72.62, 76.55, 78.66,
169.73 (ACOCH;), 169.75 (@OCH,), 170.04 (CCOCH;),
170.11 (@OCH;). Anal. Calcd for GgH,60,4(%): C, 48.73;
H, 6.65. Found: C, 48.46; H, 6.30.
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