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Abstract++)-Marmin (la) and its cb isomer (lb) have been synthesized from ‘I-geranyloxycoumarin 
(lOa) and 7-neryloxycoumarin (lob). respectively, by way of the corresponding terminal epoxides 2a and 
2a. The geometrically and positionally specihc route contirms the structure and, in particular, the tran.r 
double bond geometry of natural (+)-marmin and epoxide (+)-2a. The latter, upon reaction with stannic 
chloride in benzene gives rise to the naturally occurring cyclic monoterpene coumarin types 3 and 6 as well 
as the previously unknown double-bond isomer 13. 

MARMM is an hydroxylated terpenyl coumarin which has been isolated from the trunk 
bark of Aegle marmelos Correa“’ and grapefruit (Citrus paradisi Macf) peel oil.lb* ’ 
Degradative and spectroscopic evidence have established the structure as 1, i.e. 
7-[(6’,7’-dihydroxy-3’,7’-dimethyl-2’_ocn.2, 3 The geometry about 
the double bond has been suggested to be tram (la) rather than cis (lb) on the basis of 
fine splitting of the 2-vinyl hydrogen in the NMR spectrum.2 However, without the 
cis isomer for comparison, this geometrical assignment must be regarded as tentative. 

AcO 

l Taken in part from B.S. thests of L. S. Melvin, Jr., Unrrersity of llhnots (lY6Y). 
t National Science Foundation undergraduate research participant, summer (1968). 

5699 



5700 R. M. COATES and L. S. MELVIN, JR. 

The corresponding epoxide 2a and the biogenetically related cyclic monterpene 
coumarins 3, 4, and 5 have recently been isolated from various Aster species.4 This 
family of sesquiterpenes bears a close resemblance to the farnesiferols, a group of 
sesquiterpene coumarins.’ In this paper we report a synthesis of marmin (la), epoxide 
2a, and the cyclic terpenyl coumarins 3 and 6, following the biogenetic-type synthesis 
of the farnesiferols.‘j 

In order to provide unequivocal evidence concerning the 2’,3- double bond con- 
figuration in marmin and epoxide 2a, we have synthesized both isomer pairs la,b and 
2a,b by means of parallel routes from 7-geranyloxycoumarin 1Oa (auraptene), a well 
known naturally occurring coumarin,’ and the previously unknown 7-neryloxy- 
coumarin lob. Although the synthesis of 1Oa has been reported in the lit,s* 9 the yield 
was low (5-l 1%); consequently the tram assignment for the 2’,3’ double bond,’ 
having been based in large measure upon this synthesis, becomes open to question. 

We have prepared 7-geranyloxycoumarin in 63 % yield by the reaction of geranyl 
bromide (8a), obtained from geraniol(7a)* and phosphorous tribromide,” with the 
sodium salt of umbelliferone (9, 7-hydroxycoumarin) in DMF at room temperature, 
conditions known to result in improved yields and an overall geometrically specific 
sequence. 6* lo 7-Neryloxycoumarin (lob) is similarly produced from neryl bromide in 
52% yield. The distinct m.ps (6567” and 54-56”), depressed mixed m.p. (40-49”), 
slight differences in the NMR spectra (Table 2), and the relatively high yields affirm 
that the two products are indeed the trans and cis isomers, 1Oa and lob respectively, 
and that the natural coumarin (lit.’ m.p. 68”) is represented by 1Oa. 

The selective hydroxylation of 10a and 10b was achieved by a route successfully 
performed on the higher isoprenylogue umbelliprenin.6 The key step is the terminal 
hypobromination method of van Tamelen and Curphey.” Upon treatment with N- 
bromosuccinimide in aqueous 1,2_dimethoxyethane, 1Oa and 10b afforded the mono- 
bromohydrins 1 la (69 %) and llb (93 “/ respectively. That predominant reaction had 
occurred at the terminal double bond is evident from the appearance of two saturated 
Me groups and one vinyl Me group in the’ NMR spectrum of each. From 1 la a small 
amount (15 %) of his-bromohydrin was also obtained. 

-l--TX - -“‘“” - 
7a,b: X = OH 
8a.b: X = Br 

Ho+?cou - WJ, e l&b - oHC~oCo” 
11a.b a = 2.3~rmns; b = 2.3-h 

Cou = ‘Icoumaryl 

12a,b 

The two bromohydrins are converted to the corresponding epoxides, 2a and 2b, 
by the action of potassium carbonate in methanol. The crystalline tram isomer (m.p. 
55-57’) was shown to be identical to the natural epoxide (isolated as an oil)4 by a 

l The commercial grade geraniol used consisted of 72 ‘A geraniol and 23 y0 of an impurity which is 
probably citronellol. The 63 % yield is based upon the geraniol present and excludes the possibility that the 
purified product isolated was derived from the impurity. 
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direct spectral (NMR and IR) comparison. * The terminal glycols are obtained by 
perchloric acid-catalyzed hydrolysis of the isomeric epoxides in aqueous dioxan. 
Although it is clear from the method of synthesis, the m.ps (114117” and 76-S78“), 
and mixed m.p. (73-98”) that the two diols la and lb are different compounds, their 
IR and NMR spectra are very similar. The lack of significant differences in the IR 
spectra is due to the dominant contribution of the coumarin moiety and is observed 
in the entire series of coumarin derivatives. 

The only discernible difference in the 100 MHz NMR of the isomeric glycols is the 
complexity of the absorption at T 7.6 from the vinyl methylene group. Whereas the 
spectrum of the trans diol exhibits a complex multiplet ranging from r 7.5 to 7.9, the 
spectrum of the cis has a clean triplet at z 7.61 (J = 7 Hz), observable even at 60 MHz. 
The spectrum of natural marmin, kindly supplied by Dr. H. Nordby, corresponded 
closely to the general features of the two synthetic diols, and in addition displayed a 
complexity in the region of T 7.6 similar to the truns isomer. 

Unfortunately it was not possible to take advantage of the characteristic m.p. 
behavior of the synthetic glycols to confirm the trans configuration in natural marmin, 
the synthetic substances being racemic mixtures. Instead, we elected to remove the 
asymmetric center by oxidative cleavage to the aldehydes 12a and 12b. Reaction of the 
tram diol with lead tetraacetate in acetic acid gave rise to the crystalline aldehyde 12a 
in 90% yield, m.p. 101-102’ (lit.2 1046’). The cis isomer produced a liquid aldehyde 
12b. Both aldehydes along with the aldehyde similarly derived from (+ )-marmin were 
transformed into their respective 2,4_dinotrophenylhydrazones. From the m.p. data in 
Table 1 and the preceding NMR comparison, it is evident that natural marmin has the 
structure and double bond configuration portrayed in la. 

TABLE I. M.P. DATA FOR DNP DERIVATIVES 

Compound (or Mixture) M.p. Range 

12a-DNP (trans) 
12b-DNP (cis) 

Natural-DNP 
12a-DNP + 12bDNP 
12~DNP + Natural-DNP 
12,DNP + Natural-DNP 

166” 
202” 
165-166” 
168-188” 

165-166” 
161-180” 

Treatment of the tram epoxide @a) with stannic chloride in benzene affords the 
mixture of products shown in the scheme below. The structures are based principally 
upon the NMR data (Table 2) and analogy with similar reactions with umbelliprenin 
epoxide.‘j An NMR and IR spectral comparison between synthetic and natural cyclic 
isomers 3 and 6 established their identities. Although synthetic 6 could only be 
obtained about 80 % pure, the coincidence? of the eight line pattern for the -CH,O- 
group (as well as all the other major absorptions) in the NMR spectra adds strength to 
this comparison. The stereochemical relationship between the ether methylene and the 
other oxygen function in 3,6, and 13 is assigned as cis in view of the stereochemistry of 

l This comparison was performed on the same instruments by Prof. Bohlmann to whom we are very 

grateful. 
t The chemical shift data originally reported are in error (1 ppm too high &Id);* Prof. Bohlmann private 

communication. 
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other similar epoxide cyclizations. ’ 2 The reaction of 2a with boron trifluoride etherate 
in benzene produced mainly the acyclic ketone 16 (41%) along with lesser amounts of 
the fluorohydrin 15 (6.5 %) and 13 (3.5 %). 

SnCI, 
t - 3 (13.5%) + 6 (7%) + 

HO ocou 

13(18x) 

+ x+ou + ~ocou 
14: x = Cl (19%) 
15:X = F 

16(8%) 

EXPERIMENTAL 

IR spectra were recorded on a Perkin-Elmer Infracord Speetrophotometer (Model 137). Since all the 
wmnarin derivatives exhibited the 98~ characteristic absorption bands (1720, 1614 1550, 1505, 1400, 
1355, 1275. 12%1215. 1160, 1125, 1000, 895, and 838 em-‘) and very similar spectra overall, only the 
presence or absence (by omission) of the OH band is indicated. NMR speetta were obtained on Varian 
A-60, A&A, and HA-100 instruments The data are compiled in Tabk 2 M.pr were determined with a 
Thomas-Hoover apparatus and are uncorrected. 

I-Bro~3,7-dimethyl-trans-2,~~t~iene (geranyl bromide, &)I0 

Procedure A. A soln of 5.01 g (32.5 mmolcs) geraniol (Columbia Organic Chemical Co.: 72% geraniol, 
and 23% dan impurity which is probably citranellol by GLC analysis) and 75 ml pentane was cooled to 0”. 
A solo of 439 g (16.2 mmoles) PBr, and 75 ml pcntane cooled to 0” was added dropwise over a period of 
10 min to the stirred soln d geraniol. After stirring for 30 mitt the reaction was diluted with 75 ml water 
and extracted with pentane. The extracts were washed with 5% NaHCO, aq and sat NaCI aq. Evaporation 
d the solvent (~25”) gave 5.91 g (84%) d a slightly yellow oil which was stored at - 1s” for 12 hr before 
Use. 

7-[(~,7’-Dimethyl-ta~-~,~-octodieny/)oxy]cownnrin (lth) 
Procedure B. To a mixture of 738 mg (30.8 mmoles) NaH and 60 ml DMF was added a soln of 464 g 

(286 mmoles) of 9 in 50 ml DMF. A soln of 5.91 g (27.2 mmoles) of & and 20 ml DMF was added to the 
soln of the Na salt of 9. The reaction was stirred at room temp under N2 for 6 hr. then it was diluted with 
water and extracted with 1: 1 benzene-hexane. The extracts were washed with water and dried over Na,SO,. 
Evaporation of the solvents yielded 7.32 g crude material. This material was purified by several recrystallixa- 
tions from hexane and MeOH and column chromatography d the mother liquors (4@8 g) on 120 g silica pel, 
H/D = 62, and elution with 040 % ether-hexane. The product (3.90 g 63 % based on geraniol present) is a 
white solid, m.p. 6567’, 1it.s 68”. (Found: C, 7649; II, 7.56. Calc. for CigH,,O,: C, 7648: II, 7.43%). 

7-[(6’-Bromo-3’,7’-dimethyl-7’-hydroxy-t~ns-~~ct~yl)oxy]coumarin (lla) 
Procedure C. A soln of 298 g (999 mmoles) of lOa, 44-6 ml 1,2dimethoxyethane, and 13.1 ml water was 

cooled to 5 f 2”. Over a period of 5 min 2.30 g (12.9 mmoles) N-bromosuccinimide was added to the stirred 
soln The reaction was stirred in the dark at 5-12” for I hr. diluted with water and extracted with ether. The 
extracts wete. washed with water and NaCl aq, and dried over NaSO+ Evaporation of the solvent yielded a 
viscous oil. Chromatography of the oil (447 g) on 179 g of 10 % water-silica gel, H/D = 8.7, and elution with 
25-lOD%ether-benxene yielded 2.72g(69%) oflla, m.p. 64-67, fl! 347Ocm-i.(Found: C 57.78; II, 5.91; 
Br, 19.95. Cak for Ci9HIa0,Br: 57.75; H, 5.86; Br, 2021%) and 728 mg (15%) of the his-bromohydrin 
m.p. 124-126’ dec. (Found: C, 4654; II, 492; Br, 31.97. Calc for C,,H2,0,Br,: C 4636; II, 491; Br, 
32.26 “/,). 
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7-[(3,7-dimethyl-6-epoxy-trans-2-ocrenyl)oxy]coumurin (2a) 
Procedure D. To a soln of 1.31 g (3.31 mmoles) of lla in 35 ml McOH was added 515 mg (3.72 mmolcs) 

K,CO,. This mixture was stirred for 30 min under N,. The reaction was then diluted with water and 
extracted with ether. The water phase was neutral&d with ammonium chloride and again extracted with 
ether. The extracts were dried over Na,SO, and the solvent evaporated leaving an oil which crystallized at 
- 12 to a white solid. Recrystallization from ether and chromatography of the material recovered from the 
motha liquors (322 mg) on 16 g of silica gel (H/D = 7.1) and elution with 70% benzene-ether gave 821 mg 
(79 %) of (f)-2a, m.p. 55.3-57.5”. (Found: C, 72.68; H, 7.31. Cak. for C,,H,,O,: C 72.59; H, 7.05 %). The 
NMR and fR spectra of this material are identical with those of the natural epoxide (comparison by Prof. 
Bohlmann).4 

7-[(6’,7’-Dihydroxy-3’,7’-dimethyl-transy~)oxy]coumarin ((+)-mu&n, la) 
Procedure E. To a soln of 5 16 mg (164 mmoles) of 2a in 9 ml dioxan was added 4.5 ml 3 % perchloric acid ; 

the soln was then stirred for 30 min. The reaction was diluted with water and extracted with chloroform. The 
extracts were washed with water and dried over NarSO,. Evaporation of the solvent gave a white solid 
which upon recrystallization from EtOAc at - 15” gave 459 mg (84%) of (khla, m.p. 114-I 17’ (lit.2 m.p. 
125” for (+ )-marmin), v=” 354Ocm- ‘. (Found: C, 68.41; H, 7.04. Calc. for CrPH,,O,: C, 6866; H, 7.28 %). 

I-Brow3,7-dimethyl-cis-2,6-ocradiene (neryl bromide, 8b) 
Commercial nerol (Givaudan Corp.) was first purified by column chromatography on silica gel to remove 

contaminating geraniol. Nero1 (5.02 g 32.5 mmolg 98.5 % purity by GLC analysis) was treated with 4.45 g 
(164 mmoles) PBr, in light petroleum (30-6-V) as described in procedure A. The resulting slightly yellow 
liquid (662 g 94%) was used immediately. 

7-[(3’,7’-Dimethy/-&-2’,6’-octadienyl)oxy]coumarin (lob) 
With procedure B, 6.62 g (30.5 mmoles) neryl bromide, 5.19 g (32.0 mmoles) 7-hydroxycoumarin and 

800 mg (33.5 mmoles) NaH were allowed to react for 18 hr. The crude product was recrystallized from 
ether-hexane and the material recovered from the mother liquors (349 g) chromatographed on 140 g silica 
gel (H/D = 3.6) eluting with l&20% ether-hexane: yield 466 g (52%) of lob m.p. 54-56”. (Found: C, 
76.26; H, 7.19. Calc. for C,,H,,O,: C, 7648; H, 743%). 

7-[(6’-Bromo-3’,7’-dimelhyl-7’-hydroxv-cis-2’-octerrvlbxu]cownorin (llb) 
With procedure C, 3.03 g (10.1 mmoles) of lob and 2.26 g (I 2.7 mmoles) N-bromosuccinimide were allowed 

to react for I.5 hr at 5 &2” in the dark. The resulting viscous oil (426 g) was chromatographed on 160 g 
of 10% water-silica gel, H/D = 3.8; elution with l&20% ether-benzene atforded 3.62 g (93%) of llb as a 
viscous oil (v’E 3560 cm-‘) which could not he crystallized. (Found: C, 5799; H, 5.74; Br, 2@18. Cafe. for 
C,,H,,O,Br: C, 57.75; H, 5.86; Br, 2021%). No bis-bromohydrin was found. 

7-[(3’,7’-Dimerhyl-6’-epoxycis-2’-octenyl)oxy]coumarin (2h) 
With procedure D, 1.72 g (434 mmoles) of llb and 667 mg (484 mmoles) anhyd K&O3 were allowed to 

react for 45 min. Recrystallization of the product from ether-hexane gave 1.23 g(91 “/of 2b, m.p. 65-67.9. 
(Found: C, 7247; H, 780. Cafe. for C,gH,,O,: C, 72.59; H, 7.05 %). 

7-[(6’,7’-Dihydroxy-3’.7’-dimethylcis-2’~e~y~)oxy]coumorin ((f )-cis-mcrmia, lb) 
The epoxide Zb, (730 mg 2.32 mmolesX 6 ml dioxan, and 5 ml of 3 % perchloric acid were allowed to react 

according to procedure E. The oily product was crystallized at - 20” from ether to give 717 mg (93 %) of 
lb, m.p. 76.578”, v=‘~ 3350 cm-‘. (Found: C, 68.63; H, 7.20. Calc. for C19H,,0,: C, 68.66; H, 7.28%). 

7-[(3’-Methyl-6-oxo-trans-2’-hexenyl)oxy]coumurin (128) 
To a soln of 164 mg (@495 mmoles) of la in 65 ml AcOH was added 241 mg (@545 mmoles) lead tetra- 

acetate.’ The reaction was stirred for 18 hr and then diluted with water, neutralized with NaHCO,, and 
extracted withchloroform. The extracts were washed with NaHCO, aq and water and the solvent evaporated 
leaving an oil. The oil was crystaked at - 1P from yielding 121 mg (90 “/.) of 12a, m.p. 101-102’. lit.’ m.p. 
104.6. (Found: C. 7@63; H. 5.96. Calc. for C16H,60*: C. 7058: H. 5.92%). 
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7-[(Y-Methyl-6’-oxecis-T-hexenyl)oxy]coumun ‘n (12b) 
To a soln of 1 I5 mg (0346 mmoks) of lb in 3 ml AcOH was ad&d 245 mg (@554 mmoles) lead tetra- 

acetate. The reaction was stirred in the dark for 1 hr, and tben neutralized with NaHCO,. The resulting 
mixture was extracted with EtOAc. The extracts were washed with water, dried over Na,SO, and the solvent 
removed leaving a colorless oil. This oil could not be crystallized and due to its instability WBS stored at 
- 15”. The oil was homogeneous on TLC and had identical R, values and spectra with 12a 

Aldehyde of ( + )-marmin 
To a soln of 4 1.1 mg (0-I 24 mmoks) ( + )-marmin in 1.1 ml AcOH was added 68.7 mg (0 155 mmoles) lead 

tetraacetatc. The reaction was stirred for 1 hr, and then neutralized with NaHCO,. The resulting mixture 
was extracted with EtOAc. The. extracts wcrc washed with water and dried over Na#O*. Evaporation of 
the solvents gave 33.7 mg (100 %) white solid 

The 2,4dinitrophenylhydrazone’3 of the aldehyck is a yellow-orange powder, mp. 165-l W, lit.’ 153.Y. 
(Found: C, 58.53; H, 452; N, 1241. talc. for C,,H,,O,N,: C, 58.41; H, 446; N, 12.38%). 

2,4_Dinitrophenylhydrarones oflk and 12b. The derivative of 12a is a yellow-orang powder, m.p. 166”. 
(Found: C 58.55; H, 454; N, 12.37. Calc. for Cz2Hz00,N4: C, 58.41; H, 446; N, 12.38 %). The derivative 
of 12b is a yellow-oran& powder, m.p. 202”. (Found: C, 58.56; H, 452; N, 12.50. Calc. for Cz2H,,0,N,: 
C. 58.41; H, 446; N, 12.38 %). 

Reaction of stannic chloride with 7-[(3’,7’-dimethyI-6’-epoxy-trans-2’-octenyl)oxy]coumarin (2a) 
Stannic chloride (199 p, 7.63 mmole) was rapidly injected into a soln of 1.98 g (631 mmolcs) of 2a and 

100 ml dry benzene at room temp and under N,. The reaction was stirred for 70 saz and poured into u)o ml 
of 1: 1 watcr:ether. The resulting mixture was shaken until the yellow color disappeared. The ether fraction 
was washed with water and sat NaCl, and dried over Na,SO*. 

The residue after evaporation of the ether was applied to a 500 g column silica gel (H/G, 62). After initial 
elution with 2 1 pentane, clution was continued with 40% ether-pentane collecting 20 ml fractions at 3 min 
intervals. Every lifth fraction was analyzed by TLC and then appropriate fractions were combined. Frac- 
tions 121-210 afforded a mixture (451 mg) composed mainly of the oxide (3.62%) and the acyclic ketone 
(16, 33%) according to NMR analysis. Crystallization from ether-pentane yielded pure (*)-3 (180 mg); 
m.p. 155-156”. (Found: C, 72.70; H, 7,06. Calcd. for C,,Hz20,: C, 72.59; H, 7.05%). The NMR and IR 
spectra correspond to those of natural (- )-3, m.p. 18P (see discussion section).’ 

Fractions 220-240 yielded a mixture mixture (135 mg) of 14 (57 %) and the exocyclic alcohol 13 (43 %) and 
fractions 241-300 gave 764 mg of a mixture of 14 (42 “/,) and 13 (48 %), according to NMR analysis. Crystal- 
lization of the latter mixture from ether-pentane at 0” afforded 261 mg of 13: m.p. 137-l 38”. Y, 3540 cm- ‘. 
(Found: C, 72.77; Y 695. Calcd. for C19H2204: C, 72.59; H, 7.05%). The chlorohydrin (14) was obtained 
in a state of 75% purity (the remainder being 13) by evaporation of the mother liquor. 

Fractions 33 l-360 (93 mg) and 361420 (82 mg) contained mainly ( f M in purity estimated at 78 % and 
76 % respectively by means of NMR analysis. This material was further purified by preparative TLC (silica 
gel GF. 1: I EtOAc-pentane and 3:7 EtOAcchloroform). However, small amounts of impurities were not 
removed. thus ( f )-6 could be obtained in at best about SO-SS”, purity. However, a 100 MHz NMR spectral 
comparison with natural 6 established its identIty (see discussion section).J 

The total product distribution as estimated from NMR analysis of the preceedingcombined fractions are 
asfoI1ows:(f~3((13~5~),16(8~),14(19~),13(18~),and(f)-6(7~). 

Reaction of boron trifluoride etherate with 7-[(3’,7’-dimethyl-6’-epoxy-trans-2’-octenyl)oxy]coumarin (2a) 
The reaction was performed exactly as with stannic chloride using 1.93 g (6 13 mmole) of 2a in 100 ml dry 

benzene and I& g(7.36 mmole) BF,etberate. The crude product (isolated as above) was chromatographed 
on 100 g silica gel (H/D = 5.1) eluting 20 ml fractions with 60% ether-pentane. Fractions 15-19 yielded 
349mgof16whichafterrecrystallization hadm.p.79~5-80~5”.(Found:C,7251;H,7Q2.Calcd.forC,,H,,O4: 
C, 72.59; H, 7.05%). 

Fractions 11-14 and 2&29 were combined (1.1 g) and rechromatograpbed as before with 120 g of silica gel 
(H/D = 6.2) eluting with 40 % ether-pcntane. Fractions 29-38 contained 293 mg of 16 whik fractions 3946 
(1% mg) contained mixtures of 15 and 16. Fractions 48-58 afforded either mixtures of 15 and 13 or pure 13. 
By means of crystallization 40 mg of 13 was isolated. The fluorohydrin W was obtained m about 80% 
purity (the remainder being 13) from certain fractions and its structure assigned 011 the basis of the NMR 
data in Table 2. 

The final product distribution, as estimated from fraction weights and NMR analysis, was 16 (41x), 15 
(65 ‘YJ, and 13 (3.5 ‘A). 



5706 R. M. COAX and L. S. MELVIN, JR. 

Acknowledgement-The authors wish to thank the National Science Foundation and the National Institutes 
of Health for partial support of this research Dr. H. Nordby of the Fruit and Vegetable Products Laboratory 
(Winter Haven, Florida) for a generous sampk of (+ bmarmin, and Professor F. Bohlmano for the spectral 
comparisons. 

REFERENCES 

’ a A. Chattetjee and A. Battacharya, J. Chem. Sot. 1922 (1959); 
b J. F. Fisher and H. E. Nordby, J. Food Sci. 30. 869 (1965) 

’ J. F. Fisher, H. E. Nordby, A. C. Waiss, Jr. and W. L. Stanley, Tetrahedron 23,2523 (1967) 
’ A. Chattejee, C. P. Dutta, S. Bhattacharyya, H. E. Audier and B. C. Das, Tetrahedron Letters 471 (1967) 
* F. Bohlmann, C. Zdero and H. Kapteyn, Ann. Chem 717. 186 (1968) 
s T. Caglioti, H. Naef, D. Arigoni and 0. Jeger, Helu. Chim. Acta 41.2278 (1958); 42,2557 (1959) 
6 E. E. van Tamekn and R. M. Coates, Chem. Comm. 413 (1966) and unpublished results 
’ For a general nview of coumario natural products see F. M. Dean, Naturally Occurring Oxygen Ring 

Compounds, Chap. 6. Butterworths, London (1963) 
* T. Kariyone and T. Matsuoo, Chem. and Pharm. Bull 1, I19 (1953) 
9 T. R. Goviodachari, N. S. Narasimhan and B. S. Thyamjan, Chem. Ber. 91.34 (1958) 

lo D R. B. Bates, J. H. Schauble and M. So&k, Tetrahedron Letters 1683 (1963); 
b J. H. Schaubk, Ph D. Thesis, University of Illinois, 1963; Diss. Abstr. 24, 5009 (1964); 
c Y. N. Sharma, A. Zaman, A. R Kidwai, R B. Bates and V. P. Thalackcr, Tetrahedron 22 3221 (1966) 

‘I E. E. van Tameleo and T. J. Curphey, Tetrahedron Letters 121 (1962) 
I2 E. E. van Tameleo and J. P. McCormicL, J. Am. Chem. Sot. 91, 1847 (1969) 
I3 R L Shrioer, R C. Fuson and D. Y. Curtin, The Systematic Identijcation ofOrganic Compounds, p. 253. 

WilLy, New York, N.Y. (1964) 


