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Abstract - Determination of the stereostructure of rengyol (l), a navel 

-tic phenylethanoid Meural product isolated frun Forsythia suspensd, 

by synthetic means has been described. The Reformatsky reaction of 4- 

acetoxycyclohexanone with ethyl brmmcetate afforded NJ isamaric acetaxy 

esters (5, 6) and the one (5) which has an equatorial acetoxyl group yielded 

cm IAH reduction a trio1 identified as reqyol (1). The isaner (7), obtained 

similarly frun the other isaneric acetaq ester (61, has also been isola&d 

fran therW~.~-alsourceandis named isorengyol. Further, dehydration of the 

esters (5, 6) and subsequent pyrolytic deacetoxylation afforded a 1,3- 

cyclchexadiene derivative (12), which on *tosensitized Qdioxygenation, 

follcved by reduction, yielded rengyol (1) establishing its stereostructure to 

have 1,4-a-cyclahexanediol system. Ihese results supported the previous 

conclusion basedon the'Hand '3CNMB spectral data. 

The crule drug "rengyo", the fruits of Forsythia suspensa V& (Oleaceae), has been used in 

Oriental medicine for antiinflanmmtory, diuretic, drainage ard antidotal plrposes. lhecrudedrug 

has also been m to exhibit antibacterial activity, arxl the glycosides, forsythoside A, C, D and 

E have been isolated fran this crude drug as the antibacterial principles.'r21 Furthernore, ths 

same drug material has been revealed to contain three new novel natural alcohols, rengyol, 

rengyoxide and rengyolcme, whose structures have been suggested as 1, 2 and 3, respectively.3l 

Ihis unusual nonamnatic C6-C2 carbon skeleton nmy be derived fran the @enylprcpam ids since the 

drug is rich in lignan derivatives.4) 

previous assigmnent of the stereostructure 1 for rengyol was mainly based on the analysis of 

'H and 13C ElMR spectra by assuming that the cyclchexane ring has a chair conformation, and that the 

hydroxyethyl group with the highest conformational energy prefers an equatorial orientation.3@5) 

However, the conformational flexibility for such a simple cyclohexane system deserves any 

ccoclusions especially when the intramolecular hydrogen botings are possible. Therefore it was 

felt necessary to establish the stereochemistry of rengyol (1) by a more reliable method. 

ELxpzriments to obtain the isaneric al-1 (7) for the spectral vriscn by the chronic oxide 

oxidation-sadicPn borchydride reduction reaction, or by direct 3 type inversiM such as the 

MitsuKbu reactian and solvolysis of mesylate were not successful due to the formation of only 

theundesiredproducts. 

m-cro 
ai 

/ O 

P cl-l 
0 

1 :-OH 
7 :---a 

2 

2681 

3 



2682 K. E~DO et al. 

Hence, the present study was designed to perform complete stereostructure detennina tion of 1 

for rengyol by a seqence of chemical transform&ions as follm (Chart 1). lk! Reformatsky 

reacticm of 4-ace-cl- (4) with ethyl brumzacetate in ref luxing dry benzene afforded 

tuo isaneric acetates (5, 6) in a ratio of three to two in 71% yield. The acetoxyl groups of 5 

and 6 were assigned equatorial and axial, respectively, on the basis of the chemical shifts and the 

half-height widths of the respective carbinyl methine hydrogen signals in the ‘H FM? spectra of 

these acetates (5: d 4.66, WH 17 Hz; 6: 6 4.95, WH 9 Hz). ‘he assigrrment was suFported by the 

chanical shift of C-4 car& in the 13C M!R spectrum of 6 appearing at a higher field than that for 

5 (Table I).‘) A trial, obtained by LAH reducticm of 5, and the natural rengyol were found 

identical in their spectral data and @ysical pnperties. Similarly, the i suneric trio1 (7), 

obtained fran 6 by the analqgars transformations, MIS also fowd in the r. suspensa extract and 

then Mmed as isorengyol. 

It thus bzankzs certain that the secondary hydroxyl group of rengyol (1) adopts an equatorial 

orientation, ard hence, it is deduced to be cis with respect to the tertiary hydmxyl grasp, so the - 

configuratim of the correspading hydmxyl grcups in isorengyol (7) is trans. 

As it was expected that the photosensitized cis-dioxygenation of a 1,3-cyclohexadiene - 
derivative shaA.d afford a 1 ,rl-cis-diol stereospecifically when the O-O bond of the &wide is - 

cleaved by a reductive manner, the following experiments were conducted to further provide a 

creditable proof for the stereo&ructure of r-1 (1). 

Tredment of a mixture of 5 and 6 with hydr&raUc acid in acetic acid afforded the ti 

isaneric b runcesters (8, 9) (2:3) in 76% yield (Chart 2). tie ‘H NM signal due to the &inyl 

6 7 

Table I. Carton-13 NMR chemical shifts of rengyol and its related substances. 

carbon 1 2 3 4 5 6 7 8 

Rengyol natural 1 69.92 36.05 31.59 69.75 31.59 
synthetic 69.98 36.11 31.70 69.75 31.70 
ca1cd.* 69.9 38.6 28.6 69.3 28.6 

Isorengyol synthetic 7 71.22 34.35 30.94 67.40 30.94 
Cakd.* 70.5 34.6 25.6 65.3 25.6 

ester (4-equatorial) 5 68.46 34.87 26.60 72.16 26.60 

ester (4-axial) 6 69.22 32.29 25.77 69.63 25.77 

branoester (4-equatorial) 8 66.64 38.75 28.00 71.45 28.00 

Mter (4-axial) 9 68.10 35.46 27.07 68.10 27.07 

* Oalculated values for 1 -awl-l ,4-cyclohexanediol.5) 
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methine hydrogen at 6 4.67 (WH 25 HZ) in 8 is associated with an axial hydrogen, whereas that at 

6 5.00 (WH 12 Hz) in 9 is attributed to an equatorial hydrogen.5) The assignment is also 

suFported by the chsinical shift of C-4 carbcn in the ’ 3C t94R spectrun of 9, awing at a higher 

field than that in 8 (Table I). 

Treatment of a mixture of 8 ad 9 with DELI in benzene at the refluxing temperature for one 

hcur afforded only the exoolefin (lo), whereas on prolongation of the reaction time for five hours 

caused iscmerisaticn to the endwlefin (11) (exo:er&=l:5). 0-1 the other hand, treatment with 

thicnyl chloride in pyridine under ice-cooled ccndition, 8 and 9 were easily ccnverted to a 

mixtured of the i saneric olefins (10, 11) in 98% yield (exo:endo=3:11. 

5. 6 HBr 

Chart 2. 

The Wrolytic deacetaxylation of a mixture of 10 and 11 (3:l) at 29S” in the absence of 

solvent and under nitrogen atarcspkr e, afforded a mixture of a cyclohexadiene derivative (12) and 

an arunatic ester (13) in a three to two ratio, in addition to a trace of het eroannular diene (14). 

While at 240°, only isanarization of 10 to 11 was observed. 

The mechanism of these pyrolytic reactions may be rationalized as follows (Chart 3). 

Isanerization of 10 to 11 probably p rcceeds y& the ground state all& 1,5-sigmatropic hydrogen 

shift with the participation of the ester carbnyl group. Ike simple 1,3-sigrratropic hydrogen 

shift requires an antarafacial mcde under the gra.uxl state, according to the Woodward-Hoffmann 

theory, and it therefore is in the practical sense forbidden. It is regarded that the pyrolytic 

deacetoxylation of 11 also proceeds via six-electrcn systens with tk involvement of the ester - 

cartonyl group, allcving for the grcund state reaction. Ihe diene (12) is majoured probably due 

to the difference in the acidity of the two hydrcgens at C-3 and C-5 in 11. Further, the 1,4- 

diene (12~~) will suffer an aruimtixaticn by the thermally allawed retro Diels-Alder ty-ps reaction, 

while the 1,3-diene (12) is devoid of such aranatization because it reguires an antarafacial rrpde 

for the ground state reaction. Conseqwntly, end prcducts of the pyrolytic reaction are mainly 

the 1,3-diene (12) and the amnatic ester (13). Foxmatico of a trace of the he temsnnular diene 

(14 1, possibly formsfl by the proto- of 12, is Micated by the olef inic hydrogen signal at 6 

6.3 in the ‘H NM? spectrum of the reaction mixture. 7) 

Photosensitized oxygenation of the 1,3-diene (121 with rose bengal in methanol for one hour 

afforded an erxlopsroxide (15) in 89% yield (chart 4). ‘Ihe chemical shifts of @XI olefinic 

hydrogen signals at 6 6.66 (dd, J=lO arxl 1 Hz1 and 6 6.69 (d, J=lO Hz), in the ‘H EMR sm of 
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Chart 3. Mschanistic presmtaticm of the thenml reactions of 10 and 11. 

IS, exhibited a large deshielding effect due to an 1,2dioxane ring system which is cmsistent with 

theeT=td emkproxide structure for 15.8) 

IAH reducticm of 15 led to a 1,4-cis-cyclohemnsd iol - (16) in 96% yield. In the ‘H NM 

spectrm of 16, the chemical shifts of tvo olefinic hydmgens rxsrorad at the normal region, i.e. 6 

5.65 and 5.70, respectively, in cceseguence with the opening of the O-O linkage. S-ten the 

catalystic hydmgenaticc of 16 with S% W-C yielded a 1,4-cis dial which ws fcnmd to be identical - 
with the natural rengyol (11. In parallel to the above transformation, catalytic hydrapnaticm of 

15 with 5% W-C gave a 1,4-cis-dihydraxyester (171, which in turn was affected by IAH reduction to - 
afford a trio1 which was also identified as 1. 

In conclusion, the stereostructure of rengyol and isorengyol has been established 

billy as the 6 -hydmxyethyi-1 ,4-c*-cyclckxarAio1 (I 1 a-d 6-hydrcxyethyl-1,4-m- 

cycldxxansdiol (71, respectively, by the chmical transfomatims. 91 

mart 4. 
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Melting points were taken on a hot-stage microscope ad are uncorrectd. IRspectrauzre 

obtaind with a shimzdzu IR-27G spectmmeter. ‘H ad 13C tW7 spectra were reax&donaJEDLJMl 

FX-100 spectmneter with INS as an internal stardard. t&ass spectra (Irlsl were taken with a 

Hitachi-M52 or JlX& J%S-OlS-2 (high-resolution KS) spe&raneter. ~lulul chmmtcgraphy was 

performed on silica gel (Merck Kieselgel 601 and TLC on Merck Kieselgel 60 F254. 

Photosensitized oxygenation was caducted by irradiating a sample solution in a Pyrex reactor, 

cooled by ice-uater, with a 100 watt high-pressure halogen lamp (USHIO, 107 lOO-2OOGS). 02 gas 

was bubbled in the reactionmixture. 

Morroacetylation follcufxl by oxidation of 1,4-cyclchexaned ioleidine (8 ml, 0.1 mole) and 

Ac$ (14 ml, 0.15 mole) vere added to a solution of 1,4-cyclchexanediol (5.91 g, 50 mnolel in 

CH2C12 (60 ml) under stirring at room teqerature. After 8 h, the excess reagent was qenched 

with ice-water. Concentration of the reaction mixture gave a residue which was chmnatographed 

over a silica gel column (150 g). Eluticn with hexane-A&Et (1:21 gave a -o&ate (3.85 g, 49 

$1 and a diacetate (4.97 g, 50 $1. 

Monoacetate as colorless @r; 'H NW (UCl,) 6: 2.04 (3H s, acetyll, 3.80 (1H m, -@Xi,, 4.83 

(1H m, -@DAcl. 

Diacetate as colorless prisms from CX2C12, mp 34.5-35.0"; IR (liquid film) on-': 1720 (ester); 'H 

t@n? 0x131 6: 2.05 (6H s, acetyll, 4.87 (2H m, -CI$Acl; KS m/z : -- 201 (M++l), 140 (I@-A&i), 80 

CM+-2AcCH, base peak). 

To a soluticm of the monaacetate (4.35 g, 27.5 nnole) in acetone (20 ml), Jones' reagent (10 

ml) was a&led slcwly at x-can temperature. After 2.5 h of stirring, the reaction mixture was 

dissolved in water. lhe solution was extracted with AoXt. Ihe extract was washed with brine 

and then dried over MqSD4. Removal of the solvent afforded the ketcme (41 (3.73 g, 87 %l as a 

colorless oil; 'HW? KCC131 6: 1.8-2.3 (4H m, 2x-C~iClQAc), 2.10 OH s, acetyl), 2.3-2.7 (4H m, 

2x-$+X), 5.19 (1H m, -WC,; MS m/z: 114 (M+-OrpI, 96 (M+-ACCH, base peak), 68. 

Reformatsky reaction of the ketone (41 with ethyl brcnoacet_aW mixture of activated Zn 

p3wder (2.5 g), 4 (I.24 g, 7.94 rmole) and ethyl bronxacetate (1.06 ml, 9.53 mnolel in anhydrous 

benzene (20 ml) was heated at the refluxing temperature for 30 min. After 1 h of stirring, ACOH 

(3 ml) was added to th2 reaction mixture and then the suspension was diluted with water and 

extracted with AdXt. The extract was washed with brine and then dried over N3SD4. Remwal of 

the solvent gave a residue which k~s chmnatcgrar+xxl over a silica gel colurrm (50 g). Elution 

with hexaoe-ether (3:21 gave the esters (5) (0.86 g, 41 %l and (6) (0.58 g, 29 %l. 

5 as a colorless oil; 'H m (coC13) 6: 1.28 (3H t, J=7 Hz, XH,CHHl, 2.03 (3H s, mA1, 2.44 

(2H s, -qj~co), 3.51 (1H s, a-1, 4.16 (2H cl, J=7 Hz, -CGl$i31, 4.66 (1H m, -qpsCl; 13C lW7 

((1x313) 6:14.1 (-CCHe3), 21.3 t-31, 26.6 (C-3,51, 34.9 (C-2,61, 45.6 (C-7), 60.6 (-2tYi31, 

68.5 (c-11, 72.2 (C-41, 170.5 (-QCIi3), 172.4 (C-81. Amal. (C12H2005) C, H. 

6 as a colorless oil; 'H Eppl (CIK13) 6: 1.28 (3H t, J=7 Hz, ~2CRR1, 2.04 (3H s, -CCDCH3), 2.50 

(2H s, -C$W, 3.55 (1H s, a-1, 4.17 (2H g, J=7 Hz, -CrXiCYi3), 4.95 (1H m, -qpScl; 13C tUGX 

(CIX13) 6:14.2 (-o(H2_Q13), 21.4 t-31, 25.8 (C-3,5), 32.3 (C-2,6), 45.6 (C-71, 60.6 (-2(H31, 

69.2 (C-11, 69.6 (C-41, 170.4 (-a$Ui31, 172.6 (C-81. Anal. (C12H2&: C, H. 

LJQI reductim of the ester (514 solution of 5 (122 mg, 0.5 mnole) in ether (10 ml) was 

added droprise to a ozdd solution of LAH (38 mg, 1.0 mrr>le) in ether (5 ml) during 20 mtn. 

After 30 min of stirring at raxn temperature, the suspension *Bs heated at the reflux teqxarature 

for 2 h. IheeXCeSSL4HWaSdeonposed by adding 25 % aq. NH4Cli (1 ml) under iu+ading. lhe 

precipitate wss filtered off with celite. Ranaval of the solvent gave a residue which was 

chmMtxqra@ed over a silica gel colurm (30 g). Elution with 10 % MeoH-0iC13 gave the alcohol 

(1) (74 mg, 93 %) as colorless prisns fmn cH2C12-tMXi-~, mp 123-124'; 'H MS? (CD3CD) 6: 1.67 

(2H t, J=7 Hz, -CHHCH20H), 3.51 (1H m, -WI, 3.72 (2H t, J=7 Hz, -CYi2(X@il; l3c W (pyridilke- 
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olefins (10) and (11) (3:1, 1.66 g, 98 %). 

10 as a colorless oil; 'H t@%? (C)zC13) 6: 1.26 (3H t, J=7 Hz, -M12CI), 2.05 (3H s, -ocoCj), 4.13 

(2~ q, J= 7 HZ, XQihCIi3), 4.96 (1H m, -clpAc), 5.65 (1H br s, -SjtD); 13C m (03) 6: 14.3 

(_o~lp,), 21.3 (-w,), 25.5 (C-5), 31.5 (C-3), 32.2 (C-6), 33.8 (C-2), 59.6 (_2O12CH3), 70.6 

(C-4), 114.3 (c-7), 159.9 (C-l), 166.4 (C-8), 170.4 (-@xX3); IS m/g: 181, 166 (M+-AtOH, base 

peak), 138 (M+-~2cD2Et-1), 120, 93. High-resolution ~JS for C12H1@4: Calcd. m/z: 226.1224; Found: 

226.1220. 

11 as a colorless oil; 'H N%R (ClX13) 6: 1.26 (3H t, J=7 Hz, -CQi,CH,), 2.16 (3H s, -QXXX&,), 2.95 

(2H br S, -c$aI), 4.12 (2H q, J=7 Hz, -CKX~C7i3), 4.98 (1H m, -WAC), 5.40 (1H m, -C=Cij); '3c IWR 

(ax13) 6 : 14.3 (-OCX~,,, 21.4 (-m,), 26.2 (C-5), 27.4 (C-6), 30.8 (C-3), 42.9 (C-7), 60.6 

(+2~3), 69.2 (C-4), 122.2 (c-2). 131.1 (C-l), 170.7 (+Xx3), 171.5 (C-8); m m/z: 166 (m+ 

-A&H), 152 (M+-CD$t), 138 (M+-(H2C02Et-I), 120, 93, 92, 91 (base pak), 88. High-resolution MS 

for C12H1804: Calcd. m/z: 226.1224; Fcurkd: 226.1184. 

Pyrolytic deacetaxylaticn of the acetate (10) and (11)d mixture of 10 and 11 (3:1, 1.20 

g, 5.31 mle) was heated, without solvent, at 295' under N2 atamx&ere for 4 h. The I-eactUn 

mixture was subjected to silica gel (50 g) chrcrfmtcgra~y. Elution with hexane-ether (1:5) gave a 

mixture of the diene (12) and the arunatic ester (13) (10:7, 202 mg) and recovered 10 and 11 (cd. 

5:1, 655 n-q). 

12 as a colorless oil; IR (liquid film) an-': 1735 (ester); 'H NM (CCC13) 6: 1.26 (3H t, J=7 Hz, 

-ool,~z!), 3.02 (2H s, -CHHCC), 4.10 (2H q, 5.7 Hz, -CKX~CIi3), 5.3-5.8 (3H m, olefinic); MS m/z: 

166 (M+), 94, 91, 89 (base peak). High-resolution S for C10H1402: Calcd. m/z: 166.0993; Fax-d: 

166.0988. 

13 as a colorless oil; 'H IM? (UC13) 6: 1.23 (3H t, J=7 Hz, -Cai2c111), 3.58 (2H s, -C$D), 4.12 

(2H q, J=7 Hz, -OCMlCH3), 7.26 (5H br, aromatic); S m/z: 164 (F@), 91 (base peak). -- 

Photcoxypnation of the diene (12)-'lhe mixture of 12 axI 13 (170 mg) and rose bengal (30 

mg) in MeoH (150 ml) was irradiated for 1 h with O2 tubling at 0 ' in a pyres flask under a high- 

pressure halogen lamp. Ihe solution was ccncentrated in vacua to give a residue which was -- 
chromatographed over a silica gel column (20 g). Eluticn with hexane-AcOEX (4:l) gave the 

en&peroxide (15) (102 mg, 89 %I and recovered 13 (69 mg). 

15 as a colorless oil; 'H W (UC131 6: 1.28 (3H t, J=8 HZ, -OCH2ql_3), 2.66 (2H dd, J=15, 8 HZ, 

-CHICO), 4.16 (2H q, J=8 Hz, -CXl-i-icH3), 4.64 (1H m, -(I-$), 6.66 (1H dd, J=lO, 1 Hz, -c=CH(D), 6.69 

(1H d, J=lO Hz, -Cli+Z.X); K m/z: 180, 166 (M+-O2), 110, 91 (base peak). High-resolution K for 

C,0H1404: Calcd. n&: 198.0892; Fcund: 198.0919. 

Reduction of the erx@emxide (15) to 2,3&&droreng@ (16)---A solution of 15 (19.8 mg, 

0.1 nnkole) in ether (0.75 ml) was added drop&se to a cooled solution of LAH (17.1 mg, 0.45 nmole) 

in ether (0.25 ml) during 5 min. After 10 min of stirring at ram tanperature, the reaction 

mixture was refluxed for 3 hand then the excess LAH was deomposed by adding 25 % aq. NH4Ctl (0.1 

ml). The precipitate was filtered off with elite. The filtrate was waprated to give a 

residue which was chmnatographed over a silica gel CO~UIUI (10 g). Elution with 10 % &OH in 

CX13 gave 2,3dehydrorengyol 16 (15.2 mg, 96 $1 as a colorless oil; 'H NMR (cD3oD) 6: 3.68 (2H t, 

J=7 Hz, -CH2CHs), 4.03 (1H m, -WI, 5.65 (1H d, J=lO Hz, -O+CHcHO, 5.70 (1H dd, J=lO, 2 Hz, 

-ai=~~O; 13C NMR (pyridine-d5) 6: 29.7 (C-S), 34.3 (C-61, 44.9 (C-7), 58.7 (C-8), 66.3 (C-4), 

69.3 (C-l), 133.5 (C-21, 134.5 (C-3); ?& m/z: 140 (M+-H20), 112 (M+-C2H60). Anal. (CsH1403) C, H. -- 

Wtion of 2.3-deh~droreng~o1 (16) to rengyol (1)----A solution of 16 (7.8 mg, 0.049 

rmole) in MeoH (1 ml) was reduced lrnder H2 atarosphere with 5 % W-C (10 mg) at ram temparature 

for 2 h. The catalyst was filtered off and the filtrate was concentration to afford a residue 

which was subjected to colunn chraMtcgra@-~y M silica gel (10 g). Eluticn with 10 % MaOH in 

CX13 gave 1 (7.4 mg, 94 $1 as colorless prisms frun o12C12-Meal-ti!Zt, mp 121-123"; 'H W CCD30D1 

6: 1.67 (2H t, J=7 Hz, -CX~CH2CH), 3.50 (1H m, +X), 3.74 (2H t, J=7 Hz, -~2~~CH). lllesedata 
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ware identical with thoseof natural rengyol. 

HydrogeMtim of the endoperoxide (15)----A solution of 15 (30 mg, 0.15 mnole) and 5 % W-C 

(30 mg) in Eta-i (2 ml) was stirred un&r H2 atmc@ere at rtxin mature for 1 h. TYlecataiyst 

ms filtered off ard the filtrate was ccncentratsd to afford a residue which was czhrabat~a~ on 
silica gel (15 g). Elution with 10 % M&B in CXl3 gave the ester 17 (11 nq) as a a3lorless oil; 

'H-NM (CIX!13) 6: 1.21 (3H t, J=7 Hz, -CQi2M3), 2.42 (2H s, -CYiim), 3.57 (1H m, -clpH), 4.15 (2H 

q, J=7 Hz, aMHal,). 

I&l r&ict_icn of the ester (17) to xxnqyol (1)--4 soluticn of 17 (4.3 mg, 0.021 mnole) in 

ether (0.5 ml) was added slowly to a solution of LAH (1.0 nq, 0.026 nmrAe) in ether (0.5 ml) during 

5 min. After 1 h of stirring atrarnterQsrature, ths excess LAH was cbmqmed by adding moist 

ether. The precipitate was filtered off with celite. ?he solvent was evapcrated to give a 

residue which was chxmmtcgra&ed over a silica gel calm (10 g). Bluticn with 10 % MeOB in 

CXC13 gave 1 (2.8 nq) as a~lorless prisms frun CX2C12-M&H-AdEt; 'H MR (cD,oD) 6: 1.67 (2H t, J=7 

HZ‘ -CXiGi2CEi), 3.55 (1H m, -CX$Bf, 3.73 (2H t, J=7 Hz, -CH2a~C?31. lhese data were identical 

with those of natural reng@. 
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