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The catalytic hydrogenation over ruthenium of 6- and 7-carbomethoxy-4chromanone, 6-methyl-4-chromanone, 
6-carbomethoxy-4chromanol, and the ethylene ketal of 6-carbomethoxy-4chromanone has been attempted. 
Conditions were found for the ketones leading to perhydro alcohols as the major products. Electron-donating 
ring substituents appear to minimize significantly any competing hydrogen01 yses. 

The catalytic hydrogenation of the aromatic rings 
of 4-chromanones, while not reported in the literature,’ 
provides an attractive route for the preparation of 
analogs of cis- and trans-decalin containing an oxygen 
atom as one of the ring constituents2 (Scheme I). 

SCHEME I 

The major difficulty lay in the choice of catalyst and 
reaction conditions, so as to  minimize hydrogenolysis of 
either the benzylic carbonyl (as such or in a 
reduced form) or the phenolic carbon-oxygen bondj4 and 
suggested primary emphasis on ruthenium catalysts. 

The desired starting materials, la-c, were prepared 
by literature  method^^,^ and exhibited the expected 
spectral properties.’ To  evaluate the optimum benzylic 
functionality, 6-carbomethoxy-4-chromanone (la) was 
reduced with sodium borohydride to  the 6-carbo- 
methoxy-4-chromanols (4) and also converted to the 
ethylene ketal 5 .  

Preliminary cxperiments using ruthenium catalysts 
in SOY0 aqueous ethanol for the hydrogenation of 6- 
carbomethoxy-4-chromanone (la) led to complete 
hydrogenolysis of the benzylic carbon-oxygen bond 
and extensive reduction of the aromatic ring. The 

(1) (a) For results of Raney nickel hydrogenations of 7-methoxy- and 7- 
hydroxy4chromanone, see R. T. Blickenstaff and 1. Y. C.  Tao, Tetrahedron,  
24, 2495 (1968), and P. Naylor, G. R. Ramage, and P. Schofield, J .  Chem. 
Soc., 1190 (1958). (b) For the  results of hydrogenations of 4-chromenones, 
see R .  Mozingo and H. Adkins, J .  Amer. Chem. Soc., 60, 669 (1938). (c) For 
typical results on hydrogenation of flavones, see M. Suzuki and T. Oda, 
A’ippon Kaguku.  Zasshi, 8fi, 878 (lQ68) [Chem. Abstr., 70, 575757 (1969)l; 
S.  Fujise, et al., N i p p o n  K a g a k u  Zasshi, 84, 81 (1963) [Chem. Abstr . ,  60,  
5445a (1964)l: S.  Mitsui, et al., J .  Chem. Soc. J a p . .  Pure Chem. Sect., 72, 
339 (1951) [Chem. Abstr., 46, 8102i (l952)l .  

(2) The  stereochemical designations a t  the  bridgeheads in the perhydro 
products obtained in this work are arbitrarily chosen t o  reflect the  cis or 
trans relationships and are not meant to  imply absolute configurations. 

(3) (a) W. John, P.  Gunther,  and M. Schmeii, Ber.. 71, 2637 (1938); (b) 
R .  L. Augustine, “Catalytic Hydrogenation,” Marcel Dekker, New York, 
N. Y., 1965, pp81-84,110-111, and 135. 

(4) Reference 3b, pp 72-73. 
( 5 )  J. Lichtenberger and R .  Geyer, Bull. SOC. Chim. Fr., 282 (1963). 
(6) J. Colonge and A .  Guyot,  Bull. Soc. Chim. Fr, 325 (1958). 
(7) The  melting point of 6-carbomethoxy-4-chromanone (la), 72.5- 

74.5’, was significantly different from the value of 130’ reported previously.6 
However, elemental analyses, spectral data, and the  method of preparation 
confirm the  assigned structure. 

hydrogenolysis products 6-carbomethoxychroman (6) 
and saturated material with gross structure 7 (R = 

4, R, = C0,CH3; R, = Y = H; X = OH 
5, R, = C02CH3; R2 = H; XY = -O(CH,),O- 
6, R1 = CO,CH,; R, = X = Y = H 

10, R, = CO,CH,; R2 = Y = H;  X = OCH, 
13, R, = CH,; R, = x = y = H 
14, R, = CO,CH,; R, = X = Y = H 
18, R, = CO,CH,; R, = Y = H;  X = OH 

7, R, = C0,R;  R, = X = Y = H 
8, R,  = CO,CH,; R, = Y = H; X = OH 
11, R, = CO,CH,; R, = Y = H;  X = OCH, 
12, R, = CH,; R, = Y = H; X = OH 
15, R, = CO,CH,; R, = X = Y = H 
16, R, = CO,CH,; R, = Y = H;  X = OH 

’ I T O H  

R? 
9, R, = CO,CH,; R2 = H 

17. R, = H;  R, = CO,CH, 

CH&H3) werc obtained in a 1:2 ratio, and cvidcncc 
was obtained that 6 was converted to  7 under the re- 
action conditions. Hydrogenation of la in 90% aqueous 
methanol over 5% ruthenium on charcoal a t  100” and 
1950 psig for 20 hr proved satisfactory for extensive 
aromatic ring hydrogenation with less hydrogenolysis. 
Chromatography of SO0 mg of crude reaction mixturc, 
permitted isolation of 290 mg of a mixture of perhydro 
alcohols8 8, 260 mg of hydrogenated and benzylically 
hydrogenolyzed 7 (IZ = CH3), and 160 mg of hydro- 
genated and benzylically and phenolically hydro- 
genolyzed 9.  Under thesc reaction conditions, ring 

(8) After Jones oxidation9 gas chromatographic analysis suggested the  
presence of three ketones. Based on the known preferencelo for cis addition 
in catalytic hydrogenations and on small-scale equilibration studies:: in- 
volving the  ketones, i t  appears reasonable to  assign cis ring fusions (Za) t o  
the major isomers. 

(9) L. F. Fieser and M. Fieser, “Reagents for Organio Synthesis,” Vol. 1, 
Wiley, New York, Pi. Y., 1967, pp 142-144. 

(10) E.  L. Eliel, “Stereochemistry of Carbon Compounds,” McGraw-IIill, 
New York, N. Y.,  1962, pp  350-353; J. March, “Advanced Organic Chem- 
istry,” McGram-Hill, New York. N. Y., 1968, pp  591-596. 

(11) G .  Schwartzkopf, unpublished observations. 
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hydrogenation \t a5 essentially complete and benzylic 
hydrogcnolysis amountcd to  430%. 

Reduction of alcohol 4 in 90% tlqueous mcthanol 
ovrr ruthcnium resulted in slowrr ring reduction arid 
almost quantitative bcnzylic hydrogcnolysis. Products 
obtained were aromatic estrr 6 (50-60% yield), sat- 
urated ester 7 (R = CH3; 30-40% yield), and <lo% 
each of the methyl ethers of t h r  starting alcohol (10) 
and the reduced alcohol (11). Ketal 5 was found to  
be unstable on refluxing in 90% aqueous methanol for 
19 hr, producing 30-40'% lwtone la .  Addition of so- 
dium bicarbonate prevented this hydrolysis. However, 
reduction of the kctal in aqueous methanol containing 
sodium bicarbonate over ruthenium did not lead to 
reaction of any kind. Based on these results, lieto 
systems (1) were used exclusively in subsequent ex- 
periments. 

The 
first was whether thc carbomethoxy group exerted a 
significant influence through electron withdrawal. 
Hydrogenation of 1 .O g of 6-methyl-4-chromanone 
( lb)  in 90% aqueous methanol over ruthenium pro- 
duced a mixture of at  lcast six components. The two 
major components, constituting -65% of vacuum-dis- 
tilled matcrial (540 mg), were isolated by preparative 
vapor phase chromatography12 and identified as iso- 
meric saturatcd alcohols (12). A minor component 
appeared to  bc 6-mc.thylchroman (13) from mass 
spectral evidence. 

The second qucstion was whether the carbomethoxy 
group excrtcd a significant influence by virtue of being 
para to thc chroman oxygcn function. Hydrogenation 
of 7-carbomcthoxy-4-chromanone (IC) in aqueous 
mcthanol ovw ruthenium produced 830 mg of an oil 
which was subjected to  column chromatography. 
The three products isolated were 140 mg of 7-carbo- 
methoxychroman (14), 190 mg of hydrogeriolyzed 
saturated ester 15, and 360 mg of an isomeric mixture 
of the desired saturatcd alcohols13 16. Approximately 
80 mg of impurc hydrogenated and bcnzylically and 
phenolically hydrogenolyzed 17 was also obtained, but 
resisted scparat ion from 7-carbomethoxy-4-chromanol 
(18). Thcse products correspond to  -80% aromatic 
ring hydrogcwation with -30% bcnzylic hydrogcnolysis 
and are similar rnough to thosc. obtained from Ci-carbo- 
mcthoxy-4-chromanonr (la) to suggest that the only 
substitucnt-effect differericc in thc 6- and 7-carbo- 
methoxy-4-chromanone hydrogenations is a slight 
increase in thc hydrogcwlysis of thc phcnolic carbon- 
oxygcn bond whcn t hr carbomrt hoxy group is in th r  
8 position. 

In  obtaining mass sprctra of thc various reaction 
products, we havr unc0verc.d a useful feature in the 
spcctra of all of thc saturated bicyclic compounds (7, 11, 
12, and 15) exccpt the carbomcthoxy alcohols (8 and 
16). In  thew compounds, the basc peak at  70 PV 
corrcsponds to  a fragmrnt of gross structurc 19 ir- 
respective of thc riaturc of the substituent R in posi- 
tion 4 and of th r  naturr or position of substituents in 
thc othcr ring. Thr  gcnrrality of this bchavior in rc- 

Two questions wmained to  be investigated. 

(12) Extreme difficulty ivas encountered in trapping products. 
(13) Upon Jones oxidation.@ gas chromatographic analysis with a variety 

of column substrates did not  suggest the presence of more than one com- 
ponent. This presumably cis isomer (20) was converted on equilibration11 
to a different and presumably transisomer. 

19 

latcd hctcrocyclic and thc actual structure of 
such fragmrnts rcmain to  be cixplorcd. 

In  summary, catalytic hydrogonation conditions 
h a w  been established for th r  reduction of 6- and 7- 
substituted chromanones so that th r  major components 
obtained will bc the pcrhydro alcohols. Elcctron- 
donating ring substitucmts appear to minimizr signi- 
ficantly any competing hydrogrnolyscx Hon over, t hc 
limited range of substiturnts studic>d suggests caution 
in the application of these results. 

Experimental Section 
Melting points and boiling points are uncorrected. Kmr spec- 

tra were recorded on a Varian A-ti0A instrument using solutions 
in deuteriochloroform. I r  spectra were determined with a Beck- 
man 111-10 spectrophotometer, with only major absorptions 
being cited. hlass spectral analyses were obtained at 70 eV. 
Elemental analyses were performed by Alfred Bernhardt Llikro- 
analytisches Laboratorium, Elbach, West Germany. 

6-Carbomethoxy-4-chromanone (la).-This compound was 
prepared from p-cresol in 27% overall yield by the method of 
Lichtenberger and GeyeF and was obtained from hexane as a 
pale orange solid: mp 72.6-74.5' (lit.5 mp 130"); ir (Kujol) 
1710 cm-l (C=O); nmr 6 8.21 (d, 1, J = 2 Hx, H-5), 7.98 (dd, 
1, J = 2, 8 Hz, H-7), 6.73 (d, 1, J = 8 Hx, 11-8), 4.63 (t ,  2, J = 
6 Hz,  OCH&Hz), 3.88 (s, 3,  OCIl3), 2.80 (t ,  2, J = 6 IIz, CH2- 
CH&=O). 

Anal. Calcd for CIIIIloO,: C, 64.07; 11, 4.89. Found: C, 
63.72; H ,  4.80. 

6-Methyl-4-chromanone (lb).-This compound was prepared 
from 2-carboxyethyl p-tolyl ether in 30% yield by the method of 
Colonge and Guyot:6 mp 28-32' (lit.6 mp 34"); ir (Krrjol) 
1690 cm-l (C-0); nmr 6 7.69 (d,  1, J = 2 Ilz, HG),  7.31 (dd, 1, 
J = 2,  9 Ha, H-7), 6.88 (d, 1, J = 9 Hz, H-8), 4.31 (t ,  2 ,  .I = 6.3 

CH3). 
7-Carbomethoxy-4-chromanone ( IC)  .-This compound was 

prepared from m-cresol in 4.9% overall yield by the method of 
Lichtenberger and Geyer5 and was obtained from methanol as 
white crystals: mp 108-109O (lit.4 mp 103"); ir (Nu jo l )  16% 
(ketone C=O), 1720 cm-l (ester C=O); nmr 6 7.93 (d,  1, J = 
8 Hz, H-5), 7.61 (d, 1, J = 2 IIz, H-8), 7.60 (dd, 1, J = 2 ,  8 

Hz, OCHICH~), 2.77 ( t ,  2, J = 6.5 Hz, CIIzCH&=O), 2.30 (s, 3, 

Hz,  H-6), 4.69 (t, 2 ,  J = 6 I l z ,  OCH&H,), 3.9:3 ( s ,  3 ,  OCIla), 
2.83 ( t ,  2, J 6 Hz, CH&HZC=O). 

6-Carbomethoxy-4-chromanol (4) .  A stirred solution of 2.06 g 
(10.0 mmol) of l a  in 25 ml of moist methanol was treated with 
380 mg (10.0 nimol) of sodium borohydride in several portions 
over a few minutes at room temperature. After 1 hr the stirred 
solution was treated with 2.3 ml of glacial acetic acid and con- 
centrated. The residue was treated with saturated NaHC03 
solution and then extracted with CIlCI3. The CHC13 extract 
was dried (Na2S04) and the solvent evaporated, giving 2.1 g 
(100%) of an oil: ir (neat) 3440 (OH), 1720 cm-' (C=O); 
nmr 6 8.04 (d, 1, J = 2 Hz, H 4 ) ,  7.81 (dd, 1, J = 2 ,  9 Hz, 

4.30 (m, 2, OCH2CH2), 3.83 (s, 3, OCH3), 3.33 (brs,  1, OH) ,  2.00 
(m, 2, CH&H&IIOII). This crude material was directly 
hydrogenated without further purification. 

Ethylene Ketal of 6-Carbomethoxy-4-chromanone (5).-A 
stirred mixture of 2.06 g (10.0 mmol) of l a ,  2.2 nil (40.0 nimol) of 
ethylene glycol, 200 mg of p-toluenesulfonic: acid, and 20 ml of 
benzene was refluxed under a water separator for 31 hr. The 
cooled mixture was poured onto 50 ml of saturated NaHC08 
solution containing 50 g of ice and then extracted with ether. 

H-7), 6.83 (d, 1, J = 9 Hz, H-S), 4.79 ( t ,  1, J = 4 Hz,  H-4), 

(14) For an  example in the decahydrotiuinoline series, see V. G. Zaikin. 
N. S. Wulfson, V. I. Zaretskii. A,  .I. Ilakaev, A .  A .  Akllrem. L. I. Ukhova, 
and N. F. Uskova. Ow. M a s s  Spectrom., 2, 1257 (186'3). 
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The ethereal extract was washed with water and dried (NazS04). 
Evaporation gave 2.9 g of an oil. Chromatography on silica 
gel (Baker) using benzene-chloroform gave a clean mixture 
(9: 1) of ketal 5 and l a  (owing to deketalization during chroma- 
tography). Recrystallization of this mixture from methanol 
gave 780 mg (317,) of 5: mp 81-84'; ir (Nujol) 1700 cm-l 
(C=O); nnir 6 8.09 (d, 1, J = 2 Hx, H-5), 7.85 (dd, 1, J = 2, 
9 Hz, H-7), 6.81 (d, 1, J = 9 Ha, H-8), 4.50-4.00 (m, 6), 3.87 

Anal. Calcd for C1&0',: C, 62.39; H ,  5.64. Found: C, 
62.21; €I,  qj.cj9. 

General Hydrogenation Procedure in Aqueous Methano1.- 
Solutions of chromans in 30 ml/g of 90% aqueous methanol were 
hydrogenated for 18-20 hr in a stirred stainless steel autoclave at 
1700-2100 psig at  100-110' using 200-300 mg/g of 5% ruthenium 
on carbon. The catalysts were removed by filtration and the 
filtrates concentrated. The moist residues were extracted with 
CHZClz, and the extracts washed with water, dried (R/Igso~), 
and concentrated. 

Hydrogenation of la.-The general procedure was used for the 
hydrogenation of 1.00 g (4.85 mmol) of la .  Chromatography on 
silica gel (Woelm) of the 800 mg of crude product obtained gave 
260 mg (27%) of 6-carbomethoxyhexahydrochroman (7, R = 
CHI) in the 5% ethyl acetate-methylene chloride fractions as an 
oil: ir (neat) 1740 cm-l (C-0); nmr 6 4.20-3.20 (m, 3, CHO- 
CHZ), 3.68 (s, 3, OCH3); mass spectrum m/e (re1 intensity) 198 
(7), 167 (8), 166 (8), 139 (31,138 (lo), 97 (100). 

Anal. Calcd for CllHllO3: C, 66.62; H,  9.15, Found: C, 
66.85; H. 9.05, 

The 20% ethyl acetate-methylene chloride fractions contained 
160 mg (17%) of methyl 3-(3-hydroxypropyl)cyclohexane- 
carboxylate (9) as an oil: ir (neat) 3420 (OH), 1740 cm-l 
(C=O); nmr 6 3.68 (s, 3, OCHI), 3.64 (t ,  2, J = 6 Hz, CHZ- 
CH,OH), 1.87 (s, 1, OH); mass spectrum m/e (re1 intensity) 
200 (0.7), 182 (3), 169 (3), 1.54 (3), 141 (17), 81 (loo), 59 (12), 31 
(17). 

Anal. Calcd for CllHzoOa: C, 65.96; H ,  10.07. Found: 
C, 66.11; H ,  10.06. 

The ethyl acetate fractions contained 290 mg (2870) of a 
mixture of 6-carbomethoxy-4-hexahydrochronianol isomers (8) 
as an oil: ir (neat) 3420 (OH), 1733 cm-l (C=O); nmr 6 3.68 
(s, OCHI), 2.45 (s, OH); mass spectrum m/e (re1 intensity) 214 
(4), 213 (3), 197 (8), 196 (36), 113 (32), 81 (loo), 80 (loo), 57 

Hydrogenation of 4.-The general procedure was used for the 
hydrogenation of 1.9 g (9.12 mmol) of 4. Chromatography 
on silica gel (Woelm) of the 1.60 g of crude product obtained gave 
740 mg (42%) of 6,410 mg (23%) of 7 (R = C&), and 390 mg of 
mixtures of 7 (It = CH,), 10, and 11 (18: 14: 1). 

6-Carbomethoxychroman (6) was an oil: ir (neat) 1715 cm-l 
(C=O); nmr 6 7.71 (m, 2, H-5 and -7), 6.80 (d, 1, J = 9 Hz, 

( t ,  2, J = 6Hz, CHzCH2Ar), 1.99 (m, 2, CHZCHZCHZ). 
Anal. Calcd for CllHl2Oa: C, 68.73; H, 6.29. Found: C, 

68,70; H,  6.19. 
6-Carbomethoxyhexahydrochronian (7, R = CHI) was iden- 

tified by its nmr spectrum and elemental analysis, in agreement 
with material previously obtained (see above). 

The mixtures of 7 (R = CHB), 10, and 11 were resolved by 
gas chromatography-mass spectra and examination of the mix- 
ture nmr spectra. 6-Carbomethoxy-4-methoxychroman (10): 
nrnr 6 7.89 (m, H--5 and-7), 6.83 (d, J = 9 Hz, H-8), 4.39 (t ,  J = 
6, H-4), 4.28 (m, OCH2CHz), 3.88 (s, C02CH3), 3.40 (s, OCHs), 
2.08 (m, CHzCH2CHCOCH3); mass spectrum m/e (re1 intensity) 
222 (65), 191 (loo), 163 (27). 6-Carbomethoxy-4-methoxy- 
hexahydrochroman (1 1): mass spectrum m/e (re1 intensity) 
228 (4), 197 (18), 127 (100). 

Hydrogenation of l a  in Aqueous Ethanol.-A solution of 1.00 
g (4.85 mmol) of l a  in 20 ml of 807, aqueous ethanol was hydro- 
genated for 23 hr a t  1600 psig a t  100' using 150 mg of 5% ruthe- 
nium on carbon. The catalyst was removed by filtration and the 
filtrate concentrated. The moist residue was extracted with 
ether and the ethereal extract dried (?vlgSO~). Evaporation 
gave 830 mg of an oil. This was directly subjected to a Jones 
oxidation,s producing 550 mg of an oil. The oil was partially 
separated using preparative thin layer chromatography on silica 

(s, 3, Oc&), 2.10 (t ,  2, J = 6 Hz, CHzCHzC). 

(54). 

H-8), 4.20 ( t ,  2, J = 5 Hz, OCH,CH2), 3.86 (s, 3, OCHI), 2.79 

gel plates. This gave 70 mg (870) of impure 6, identified by its 
nmr and mass spectrum, and 310 mg (30%) of 6-carbethoxyhexa- 
hydrochroman (7, R = C Z H ~ )  as a crude oil: nmr 6 4.10 (quar- 
tet, J = 7 Hz, OCHZCH~), 3.68 (m, OCHzCHz), 1.25 (t ,  J = 
7 Hz, OCHZCH~); mass spectrum m/e (re1 intensity) 212 (28), 
167 (841,139 (44), 138 (loo), 97 (100). 

Hydrogenation of 1b.-The general procedure was used for the 
hydrogenation of 1.00 g (6.16 mmol) of lb .  Vacuum distilla- 
tion of the crude product gave 540 mg of an oil: bp 90-160' 
(3 mm). Gas chromatography indicated six components. Mass 
spectra allowed identification of a minor component, 6-methyl- 
chroman (13): mass spectrum m/e (re1 intensity) 148 (lo), 147 
(100). 

The two major components (amounting to >657, of the dis- 
tillate) were collected by preparative gas chromatography. 
Both appeared to be isomers of ti-methyl4hexahydrochromanol 
(12). Collection gave 10 mg of the first component: mass 
spectrum m/e (re1 intensity) 170 (28), 169 (13),-153 (17), 152 
(99), 113 (loo),  57 (70). 

Anal. Calcd for Cl0Hl8OZ: C, 70.55, H ,  10.65. Found: C, 
70.73; H ,  10.61. 

Also obtained was 30 mg of the second component: ir (neat) 
3340 cm-l (OH); nmr 6 3.69 (m, OCHZCHZ), 1.72 (s, OH), 0.96 
(m, CHI). 

70.67: H .  10.79. 
Anal. Calcdfor ClOH180z: C, 70.55; H, 10.65. Found: C, 

Hydrogenation of 1c.-The general procedure was used for 
the hydrogenation of 1.00 g (4.85 mmol) of IC. Chromatog- 
raphy on silica gel (Woelm) of the 830 mg of crude product 
obtained gave 140 mg 7-carbomethoxychroman (14) in the 1% 
ethyl acetate-methylene chloride fraction as an oil: ir (neat) 
1720 cm-l (C=O); nmr 6 7.54 (m, 2, H-6 and -8), 7.09 (d, 1, 
J = 9 Hz, H-5), 4.19 (t, 2, J = 5 Hz, OCHICHZ), 3.87 (s, 3, 
OCHI), 2.81 (t, 2, J = 6 Hz, C H ~ C H Z A ~ ) ,  2.01 (m, 2, CHzCHt- 
CHz). 

Anal. Calcd for CllH1203: C, 68.73; H, 6.29. Found: C, 
68.78; H, 6.40. 

The 10% ethyl acetate-methylene chloride fractions contained 
190 mg (20y0) of 7-carbomethoxyhexahydrochroman (15) as an 
oil: nmr 6 4.00 to 3.60 (m, 3, 
CHOCHz), 3.68 (s, 3, OCHa); mass spectrum m/e (re1 intensity) 
198 (8), 167 (14), 139 (13), 138 (35), 97 (100). 

Anal. Calcd for CllHlSo~: C, 66.62; H,  9.15; Found: C, 
66.75; H ,  9.26. 

The 20% ethyl acetate-methylene chloride fractions con- 
tained 160 mg of a mixture of 17 and 18 (3: 1) with a trace of 15 
present. The mixture was resolved by gas chromatography- 
mass spectra and examination of the mixture nmr spectrum. 
7-Carbomethoxy-4-chromanol (18): nmr 6 7.48 (m, Ar H), 

OCH3); mass spectrum m/e (re1 intensity) 208 (67), 207 (8), 
190 (8), 177 (25), 149 (100). Methyl 4-(3-hydroxypropyl)- 
cyclohexanecarboxylate (17): nmr 6 3.68 (s, OCHs), 3.55 (t, J = 
6 Hx, CHzCHzOH), 2.23 (9, OH); mass spectrum m/e (re1 
intensity) 200 (3), 182 (12), 169 (13), 154 (7), 141 (38), 81 (loo), 
59 (30), 45 (lo), 31 (33). 

The ethyl acetate fractions contained 360 mg (367') of a mix- 
ture of 7-carbomethoxy-4-hexahydrochromanol isomers (16) 
as an oil: ir (neat) 3420 (OH), 1730 cm-l (C=O); nrnr 6 3.68 
(s, OCHs), 2.01 (s, OH); mass spectrum m/e (re1 intensity) 214 
(0.6), 196 (7), 113 (9), 57 (59), 41 (100). 

Anal. Calcd for CllHlsO4: C ,  61.66; H ,  8.47. Found: C, 
61.82; H,  8.66. 

ir (neat) 1733 cm-l (C=O); 

4.75 (t ,  J = 5 Hz, H-4), 4.24 (t, J = 5 Hz, OCH~CHZ), 3.84 (s, 
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