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Abstracl Boachniakine. CloH, ,NO. and boxhnialactonz CPH,,O,. wcrc isolated aa I& physi&gically 

a~tlvz principles d BoschW rm.sicu Huh. and rbcir absolute s~ructum ha= bacn dctcrmir&. Four 

optically active stacoisorncrs d boscbnialinic acid (2~rboxy-3-methyl~clopenlyla~~ a&d). one of 

which u an oxidation product d boschnialac-tonz have bca~ synthati and rhcir nacodxmistrics 

cstablishcd. 

A N~JMHFR of cyclopentanoid monolerpenn isolated from Arrinidiu p~lygyma Miq. 
(Dilleniaceae) during the past 10 years were found to have an interesting physiological 
action on Felidae and Chrysopidae.’ A plant. Boschniukiu rossica Hull. (Oroban- 
chaceac). is also liked by Felidae animals and two active substance!. boschniakinc 
and boschnialactone. isolated are described in the present investigation. Oxidation of 
boschnialactone gave a 2carboxy-3-mcthylcyclopentylacetic acid which was named 
boschnialinic acid. In this paper the isolation and the structural detcrmmation of 
both active components. and the syntheses and the stereochemistry of four stcrco- 
isomers of boschnialimc acid arc reported. 

Isolation and structural determination of hoschniakine and hoschniuluctonez 

The dried terrcstrial portion of Boschniukiu rossicu Hult.. collected during the 
flowering season on Mount Fuji. was extracted with methanol. Boschniakinc was 
isolated as a basic substance from the water-soluble portion of this extract. and bosch- 
nialactonc as a lactonic substance from the volatile neutral fraction. Both substances 
have a marked physiological action on the cat. similar to the constituents of Acrinidicc 
poly$lnw. 

Boschniakine occurs as a fragrant liquid. b.p. 80 90 3 mm. [aJo + 2102 . corre- 
sponding to the formula C,oH, ,NO. It forms a picrate. m.p. 126.5 128,’ and a semi- 
carbazone, m.p. 227-228” (dec). The base obtained by Ijuang-Minlon reduction and 
its picratc agree with actinidinc (II). a component of Acfinidiu polygumc~. and its 
picrate’ in IR spectra. Since the UV and IR absorption maxima (i.,, 239. 268 and 
282 mu; v_ 3050. 2725. 1700 and 1580 cm- ‘) suggest the presence of an aldchyde 

’ T Sakan. S lsoc. S Be Hyeon. R Kauumura. T Maala, J. Wolmsky. D Dvzkerson. M. Slabaugh 

and I) Nelson. Terrahedrun Letters. 4097 (1965) and Rcls contained therctn. 

’ T Sakan and F Mural. Ihzrtarrs fi~r rhu 16rh Annuul .\frrrq r?f rhu Chrmrcal SI)IVIF o( Japun. p X? 

(1%3J 
’ T Sakan. A FuJIno and F Mural. Ntppon Kagaku Zashi 81. 1320 (1960), A Fuyno. IhId. I327 (1960) 
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group conjugated with a pyrtdmc ring the structure I was given to boschniakinc. 
Boschniakinic acid. C,oHllN02. m.p. 215 220 tdec). was obtained from the 

high-boiling fraction by the distillation of boschniakine. Its IR spectrum exhibits 
absorption bands at 2450.1950.1700.1602 and 1575 cm - ‘. which were not inconsistent 
with a pyridinccarboxylic acid structure4 This acid seemed to be an auto-oxidation 
product of I, and its structure III was confirmed by the oxidation of boschmakinc 
with silver oxide. 

Boschnialactone occurs as a colourless liquid. b.p. I05 1 I2 6 mm. ix),, - IX.2 . 
corrcspondmg to the formula C,H ,J02. Its IR spectrum exhibits an absorption band 
for a carbonyl group at 1743 cm- ‘. Oxidation with alkaline potassium permanganatc 
afforded a saturated dicarboxyhc acid. boschnialimc acid. C,Il,,O,. m.p. 82 83 , 
The NMR spectrum of the lactonc shows a signal centered at 8.95r (doublet. J = 7. 
3H) for secondary methyl hydrogcns as well as signals at 760 7 (doublet. J = 6. 211) 
and 5.8X 7 (doublet. J = 6.2H). Consideration of the biogenesis and the physiological 
activity of the compound. suggest formula IV for the lactone and. therefore. formula V 
for boschnialinic acid. The conclusive evidence for these structures is provided by 
the synthetic studies described below. 

Synrhescs of us-hoschniuluclone and wlarcd luctonc.ss 

The syntheses were based on the reaction of ethyl 3-methyl-2-oxocyclopentylacetatc 
(Vl)(’ ’ with triphenylmethoxymethylcnephosphorane in dimcthylsulfoxide (DMSO)” 
to afford a mcthoxymethylene compound VII. which was usually contaminated with 
the starting material in approximately equal quantities. Compound VII is readily 
hydrolysed in water and underwent considerable hydrolysis and autooxidation 
during purilication by column chromatography yielding a half ester Villa of a 
dicarboxylic acid.” ” A pure sample of VII could be isolated by preparative VI’<‘. 
but the yield was poor. Therefore. a mixture of VI and VII was used. per SC, for the 
next step. 

Hydrogenation of the mcthoxymethylene ester VII gave a dihydro compound IX 
as a mixture of IWO stereoisomers (I : 11. Both analytical values and ma.ss spectra of 
the mixture and a pure isomer agree with each other and are compatible with the 
structure IX. 

’ S Bralot D. Iladtl and K Sheppard. Spccrrochim Acra. 8. 24Y (1956) 

’ ‘I’ bkan. Y Hayashl. Y Honda and M NakaJlma, Ah.\rracfs jar fk IXfh Annual Yrrr~~ 01 fhe 

C‘hem~c-trl Sortef v 0I _fapan. p 2 I7 I I96SI 

’ A I: Bradfield. L M. I:rancts. A. R Penfold and J 1. Smmonscn. J Chrm SK 161Y tIY36) 

_ The kctocstcr VI gave only one peak on VP<’ under a variety of condlhons. hur IIS SMR spectrum 

showad two pam d doubkc signals (intensrty ratio = I : 2A czntcrcd at 8.93 7 (J = 7) and 890 t (J = 6). 

corrcspondmg IO the secondary methyl hydrogen Therefore. thlr subslancr was considered IO bc d 

mlxturc of stereorsomcrs relative IO the subsrltuents m I- and 3.positton 

’ ’ E J Corey and M Chaykovsky. I Am Chem Sot. 84.866( 1962): Ii J Corey. R B Mltra and )i I!da. 

fhid 86, 485 (1964); R Grcenwald. M Chaykovsky and 1: J Corey. J Ory Chcm 28. I I28 I 1963). 

’ II J Cor ey. M. Chaykovsky. I Am (‘hem Sot- 87. I .M5 (1965~ 

’ Trcarmenr of VII with acid gave rhe aldehydc-csler XII. whose rcductton wtth NaNi, followed b) 

hydrolysis allordcd a hydroxy acid XIII As XIII underwenr IacronlLatton IO a vcrj hmltcd cxtenf under 

usual acldlc condcrlomand formal XIV hy dt$tlllatlon. compound XIV wiuassumcd IO hea frun\-laclow 

” Alkahnc hydrolysis of the half-ester Villa gave a dlcarboxyhc acid Vlllh. m p II3 124 , which was 

the raccmarc of a srcrcorsomcr of boschmallmc acid Further dctalls on this compound WIII lx given 

later In connection wnh the sterctn-hemtsrry of other Isomers 
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Compound IX was treated with a large excess of RF, -acetic acid complex at the 
temperature of boiling dichloromethane. A liquid which gave 3 main peaks in VPC 
was obtained as the lactonic fraction of the reaction product. From this mixture. 
t>t.-boschnialactone (X) was isolated by silica gel chromatography. Compound X 
was a colourless fragrant liquid. and its IR and NMR spectra agree wirh those of 
the natural lactone. The mass spectrum of this lactonc shows a molecular peak of 
m e 154 and the mode of fragmentation is consistent with structure X. Since X IS 
readily formed from the corresponding hydroxy acid by lactonization. the juncture 
of the lactone ring with the cyclopentanc rmg should be cis.’ The relative con- 
figuration of a secondary methyl group attachcd to the cyclopentane ring and the 
absolute structure of the natural lactone will later be discussed on the basis of the 
oxidation product. boschnialinic acid. 

Both the remaining lactones formed by the reaction of IX with BF, show a carbonyl 
absorption band at I760 cm- ’ and an NMR signal at 8.6 T (singlet. 3H) besides that 
centered at 8.9 T (doublet, J = 5. 3H) for a secondary methyl group. These facts 
suggest that they are stereoisomers of the S-membered lactone represented by Xl. 
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The lactones arc probably formed via the carbomum ion XVI or its equivalent. since 
they are formed as a mixture of approximately the same composition from (a) reaction 
of the keto-ester VI with methylmagnesium iodide. (b) acid treatment of the exo- 
methylenc ester XV” obtained from VI by the Wittig reaction, and fc) acid treatment 
of t,t.-boschnialactone. 
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In the conversion of IX into a mixture of the (i-lactone X and the r-lactoncs XI, 
the ratio of XI IO X formed increases by elevation of the reaction temperature and 
prolongation of the reaction time. Only the +I-lactones XI were formed by the USC 
of 48‘:;, hydrobromic acid or concentrated sulfuric acid as the reagent. 

Synrhesis and ah.solute .strucrure 01 boschniakiw’ ’ ” 
Starting with 2-methoxycarbonyl-3-mcthylcyclopcntanone (XIX).14 derived from 

( + )-pulegone (XVII) via methyl pulegenate (XVIII).” the cyanopyridinc derivative 
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K. Swdo. K Ufimoro and T. lslda J. Ory Chem 29. 3361 t 1964) 

T Sakan. T Shono and M. Karo. Ahstrocrs /or fhe 17th Anwd Meefmg oj fhe Chenucd Sonery o/ 
lapn p 27.5 (1964) 

T Sakan. Y. Hayash). A. Orsubo and I: Mural. Ahswocrsjor rhe 19rh Annual Met?@ cfrhp Chemical 
Soclef) ojlopn Par1 IV; p 15 t 1966) 
T. Sakan. A. Fupo. F. Mural. Y. Bwsugan and Y Terashuna. Nippon b&u &ass/n 81. 1447 (19601 
’ Il. Rupc and K. Sctifer. Ifeir. Chum. Acfo II. 463 (1928). ’ J Woliwky and D. Chan. J Org. Chem 

30.41 (1965);‘s A. Achmad and G. W K Cawll. Au.wcl/ J Chem. 16 8SR (19631 
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XXI was obtained via the dihydroxypyridinc derivative XX.” The cyano derivative 
XXI was reduced with a large exm of stannous chloride and hydrogen chloride, 
and the resulting aldimine-stannic chloride complex was submitted to steam dlsttl- 
lation. by which hydrolysis was cffectcd together with isolation of the product to 
yield boxhniakinc (XXII), [a]n +28.4<. The UV and IR spectra. and the specific 
rotation of this substance agree with those of the natural product. The asymmetric 
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carbon atom in ( + J-pulcgonc” was shown to have the Rconfiguration by the work 
of Freudcnberg rr al. ” Therefore. the absolute structure of boschniakine was 
determined as XXII. Since all the bases having the iridoid skeleton reported prcvi- 
ously *’ had the carbon atom in ‘I-position taking S-configuration. boschniakine is 
the first example of the base with a reverse configuration. 

Syntheses of the srereoisomers of hoschnialinic acid and stereochemistry o/ 

hoschnialacwne I.3 

Four stereoisomers of hoschnialinic acid (XXVI. XXVII. XXIX and XXX) were 
synthesized in the optically active forms and their stereochemistry establish& as 
follows : 

Condensation of ethyl cyanoacctate with the P-ketoester XIX gave an unsaturated 
cyanodiester XXIV. whese structure was supported by analogy to similar rc- 
actions’“” Z2 and the NMR spctral cvidencc ” of an unsaturated dicarboxylic acid 

” l ‘1’. Sakan. A FuJtno. A Suruc and Y Bu~sugan. Nrppon Kryaku Zasshi 81, 1445 (1960); ’ G. G Ayers1 

and K. Schofield. J Chem Sot 4097 (1958); hl Protiva. V MychaJlysxyn and J 0. Jrlek. Chem I.&y 

49. 1045 11955); V Prelog and 0 Me~zler. Heir Chim Acta 29. 1170 (1946). 

” Pukgonc used here was of 89% punty with [IIF + 26-6 (reported.” [z]” + 21 ‘). In order IO confirm 

further the absolute configuration of the compounds used m a scrrcs of syntbctrc rcactrons. an mtcr- 

me&ate XXVIII was submitted IO otooolysu and ylcldcd ( - I-2tR)_mcthylglulanc acrd. m p. 81-82’. 

[x30 - 21 I’ (rcportcd.re m.p. 82 83 , [slD - 20.4’). 

” A. Bacycr and F Hennch. &r. Drxh. Chic Grs. 1.653 (IR95) 

” V. H T. James. J. Chem. Sot 637 (1955) 

lo K. Freudenbcrg and W Hohmann. Ii&g’s AM. 584.54 (1953) 

” C DJcrapsL J P. Kutney. M. Shamma. J. N Shoolery and L. F Johnson, Chnru. d Ind. 210 (1961). 

G. C. Casmovr, J. A. Garbarrno and G. B Marnn-Bcttolo. Ihid 253 (1961); Y. Hammouda M. Pla~ 

and J LeMcn, &I/. Sot Chum. Fr 2802 (1963). Y Hammouda and J Le Men. Ibid 2901 (IW3) .G Jona. 

H M Fala and W C. Wrldman. ‘Ferrdedron L~IICIS 397 (1963). 

” ’ G A R Kon and II R Nan I. I Chem Sot 24261 IY32:; A C Anderson Jr, W F llarrrson and R G 
Anderson. 1. Am (‘hem .d Sor 5. .344R (1963). b Kastun and Snmvasan proposed a structure. havmg ~hc 
exocychc con)ugatcd double bond. for an analogous compound IO XXIV The drflercncr u probably due 

lo the diKerent reprtioa co@riam d their prtpuuioaa: T. R Kuui and A srinivaaan. Tetrtiroa 

22.2575 (1966). 

” The acd XXVIII or us d&tbyl utcr cxhrbrtcd IWO cbaracterirtrc NMR srgnals at 8.g8 t (doublet. 

I = 7 c:‘b 3H) for a caoaddy atbyl group atxd around 6.3 r (singkf 2H) foe the allyltc stdc cham 

mcthykt~ group, and gave od okfimc proton signal. 
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XXVIII. a hydrolysis product of XXIV. Hydrogenation of XXIV over Pt catalyst in 
ethanol resulted in the formation of a saturated cyanodiester XXV with rapid 
absorption of hydrogen. Subsequent hydrolysis and dccarboxylation gave two acids. 
XXVI m.p. I I3 ‘. [z] r, -41.1 . and XXVII m.p. 85’. [aIt, - 33.7.. The acid, obtained 
from the natural boschnialactone. agreed with XXVII in mixed m.p. and the IR 
spectra of the acids and their esters. By heating under rellux with methanolic sodium 
methoxide.” ” the dimethyl ester of XXVII was almost completely isomerizcd to 
the ester of an isomeric acid XXX, m.p. 110 I1 1 ‘. [z]~ -65.4 fan aforementioned 
t>t.-acid Vlllb was the raccmate of XXX). and the dimcthyl ester of XXVI was 
transformed into an equilibrium mixture of the esters of XXVI and a new acid 
XXIX. m.p. 103.-I05 , [zJ[, -25.1 (the ratio of the cstcr of XXVI to XXIX was 
40:60). The methyl cxter of XXIX also gave the same mixture in approximately equal 
ratio by the same treatment. These facts suggest that the 1,2rclationship of XXVI 
and XXVII would be cis. and that of XXIX and XXX would be rra~~. This assignment 
was consistent with the results in the thermal equilibration of the acid anhydrides;” 
heating of the anhydridc of XXIX at 180 200 followed by hydrolysis completely 
changcul II to XXVI. while the anhydride of the other l.2-rru~s acid (the racemate 
Vlllb was used in this case instead of XXX) gave an equilibrium mixture (cis:rran.s = 
61:39) at 240 250 
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‘tH, TH, 
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On the other hand, hydrogenation of the unsaturated acid XXVIII over PI catalyst 
in acetic acid gave two isomeric 1.2~0~t.s acids, (XXX and XXIX). It is noticeable 
that this hydrogenation did not proceed by the expected cis addition process. but 
the thermodynamically more stable I.2-rruns compounds were formcd.2’ 

The steric effect of the methyl group at 3-position on the composition of the 
foregoing equilibrium products was considered as follows. In the equilibration of 
two 1.2-k dimethyl esters with basic catalyst. the 1.2-cis-2.3-cis compound’fhcrc- 
inaftcr the notations l.2- and 2.3- will bc omitted and only the notations cis and 
rru~s will bc used) will be in equilibrium with the rrun.s-fruns compound formed by 
inversion at C-2. and the c-is-[runs compound will be in equilibrium with the rruru-c-is 
compound. Considering the non-bonding interaction among the substitucnts, the 
equilibrium of cis-cis f a Iruns-truns compound will tend largely towards the latter. 
while in the equilibrium of cis-rruns : b rruns-cis compound. ratio of two components 

” S M McElvam and I; J E1scnhraun.J Am. Chem. Sot 77. 1599(1955) 

” R I) B$tcs. E J Etxnbraun and S. M McH\am. J Am Chem Sot 80. 3413 (1958) 

” A H Cook and It P. Lmstead. 1. Chem. Sot 956 (1934) 

“ llydrogcnatlon of the double bond Isomer XXIII. which wm prepared as racemate from VI by the 

known mcthod.b also gave IWO saturated I.?-rrom acids under the same condIllon 
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should not be so large because there could not be much difTerencc in the interaction 
between the ester group in 2-position and the substituent in l- or 3-position. In the 
thermal equilibrium of the acid anhydrides the anhydride of the rrans-cis acid would 
undergo inversion at the 2-position more easily than that of the rra~truns acid. and 
the ratio of formation of the 1.24s anhydride is likely to become larger. 
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The behaviour of the esters and anhydrides summarized in Table 1 clearly indicate 
the effect of the C,-methyl group and undoubtedly suggest that. of the 1.24s acids. 
the substance XXVII, m.p. 85 is the cis-cis acid and that XXVI. m.p. I13 is the 
cis-frans acid, and the 1.2~rrans compounds, the substance XXX, m.p. 110 I II is the 
trans-rrans and XXIX, m.p. 103 IO5 is the rrans-cis acid. 
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This conclusion was confirmed by transforming the two 1.2~cis isomers (XXVI 
and XXVII) to cis-tram- and cis-cis-ncpctic acid. (XXXVIIa and XXXVllb). the 
stereochemistry of which is known. ” Mcthanolysis of the acid anhydrides (XXX! 
and XXXIII) gave half methyl esters of the dicarboxylic acid and subqucnt reaction 
with phenylmagncsium bromide producti a lactone (XXXV) from XXX1 and a 
comparatively stable. corrczponding hydroxy acid (XXXVIII) from XXXIII. 

Treatment of XXXV and XXXVIII respectively with 70% sulfuric acid )i@ed the 
unsaturated acids, XXXVla and XXXVlb. the structures of which we& baspd on the 
NMR spectra (around 3% T. doublet. J = 10. IH) and the UV spectra (253 m+~. 
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log E : 4.2) of I.l-diphenylethylene type ‘” Ozonolysis of XXXVla or XXXVlb 
afforded a dicarboxylic acid XXXVIla, mp. 132 133 . from XXXVla. or XXXVIlb. 
m.p. 137-138 . from XXXVIb. The IR spectra of the dimcthyl esters of thcsc two 
acids agree well with those of the dimcthyl esters of cis-rrons- and cis-cis-nepetic acid. 
respectively, and reported by McElvain et al. Therefore. the structures of the two 
boschnialinic acids. XXVI and XXVII. arc unambiguously established. 

Smce boschnialinic acid obtained from the natural lactone was found to be the 
3(R)-cis.ci.s-acid. it is clear that the absolute structure of boschnialactone should be 
represented by the cis.cr.s-structure XXXIX with R-configuration at the 7position. 
It is of interest that in the lactones with similar physiological activity obtained to 
date the carbon atom. to which the methyl group is attached m the cyclopcntanc 
ring. has the S-configuration. 

lnoue and others” obtained a dicarboxylic acid. m.p. 104 I06 . [z]~, +_34,1 . 
from monotropein (XL) and gave the structure X1-I IO this acid. This substance was 
found to be the antipode of 3(R)-cis-trtrns-boschnialinic acid (XXVI) by direct com- 
parison of the .samplcs. 

On the other hand. Djcrassi er 01.‘~ obtained a dicarboxylic acid. m.p. 104.5 
107.5 . [z],, + 20 . as a degradation product of genipin (XLII) and gave it the 3(R)-cis- 
cis structure (XXVII). Briggs et al.” reported that an acid of C,II,.O,. m.p. 
107.5 108 . obtained from asperuloside (XLIII) agrees with the Dbrassi’s acid. Both 
thcsc acids. however. apparently differ from 3(R)-c-is-c-is-boschnialinic acid. Through 
the courtcxy of Professor I_. H. Briggs. our synthetic 3(R)-rrans-rrans-boschnialinic 
acid was compared with the Briggs’ acid and proved to bc identical (mixed m.p.. 
IR, and optical rotation”’ comparison). From this result. the degradation of 
asperulosidc stems to proceed via an intermediate dialdchyde (XLIV) with a stable 
fratt.s-I~UKS configuration 
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lo D Y Curtm and Y G Hendnckson. J Ory Chrm 21. 1260 (1956) 

” If. lnoue and T Aral. Chem. Pharm tWI 12.968 (1964) 
” C Dpassl. 7’ 

Zi 1192 (1961) 

Nakano. A N James. L H Zalkow. I<. J. bscnbraun and 1. N Shoolery. I Org Chem. 

” L H. Rnggs. B I: Cam. P W. LeQuaneand J N Shoolcry. J Ckm Sot. ?595(1965) 

‘* Although Brags er a/ rcporled rhc oprlcal rolallon as [z]u + I8 (MeOff). the present authors con. 

firmed the value as [I],, -46 5 (c I 32. CffCI,) 



4fFl4 T. SAKAS and others 

The acid obtained by DJerassi et al. was not compared directly. but the IR 
spectrum of its dimethylester 33 was almost identical with that of the dimcthyl ester 
of cis-ttons-acid XXVI. 

The stereochemistry of the isomers of tx- and 3(R)-boschnialmic acid. and their 
physical constants arc summarized in Table 2. 

TARI* 2. SIr.RrXM7l1~WlSrRY ASI) PHYSIr’AI. r’ONSTA\7S OF I%~(cllIr’ I)1 - ASI) 3(R)- 

R(St’MSIALItiI(’ A(‘IDS 

ACld 

-. __ 
3(R)-ris-crs XXVlt 

I)1 -c,s-l-1.$ 
-. - 

31 R I-rronr-trunr XXX 

DI:IIUN-[runs Vttlb 
- .- 

WR)_crs-rrcmc XXVII 
._ - 

~R~rron.w~ XXIV 

1~1.-11(111.~-(‘15 

Rclarrrc conhgurarron 

C-1 c2 C? <:3 
M P. 

CIS 

110 III lrUnS tram 
123 124 

Cl.5 ffun.~ 113 

103 10s 
fruns cis 

Ion III’ 

rorarion 

(in <‘tICI,) 

-337 

_. 

-654 

-41 I 

25 I 

EXPERIMENTAL 

All m.ps and bps were uncorrccrcd M ps were taken on a horstage m a Yanagimoro micro m p. 

apparatus Model MPJ-2 IR spectra wcrc taken on a spccrrophorometer Model IR-S of Japan Specrro- 

scop~c Co. and UV spectra on a Hnachi recording spccrrophoromerer Model BPS-2 NMR spectra were 

dcrermmcd ar 60 mc s wrrh a NMR spcctromerer Model JNM C-60 of Japan Elccrron Oprm Laborarory 

Co. Chcmrcal shifts were expressed m r value and couplmg consrants were g~vcn m c s Mass spectra wcrc 

obramcd wuh a Hnachr mass specrromercr Model RMU-6 The spectral data are prcscnrcd as vs: rn 

IR. iz:“’ rn UV.. @‘“I m NMR. and m P m ma.- spectra 0p11cal rorarrons were measured wrrh a Rex 

phorockcrrrc polarrmcrer Model NEP- 2 VPC analyses wcrc carrrcd OUI on euhcr a Shrmaxu Model 

Ci-IB or Yanagrmoro Model GCG-220 appararus using 4 mm x 2 m column packed with 20”, SE-30 

or Apraon-L on chromosorb-P The adsorbcnr used for column chromarography were Woclm ncurral 

alumma or Mallinckrodr srlrcagel I 100 mah) 

Sepurorion ojthe tulufde neutral und busrc components qf BoschmaLta rossica Mu/r. The drrcd rcrrcstrral 

porrron of Roschntiru rorrica Huh (I6 Kg) collec~sd durmg the flowcrmg surson (July) from Mr. FUJI. 

was extracted 3 IlrneS with McOH Sream drsrrllarron of rhrs cxrracr followed by exrracrron of the disrrllarc 

wrrh ether gave 46g of the volarrlc portion. 

The erhcr soln of rhrs materral was washcd wnh NaH<‘O,aq and cold IO O0 NaOHaq. drrcd. and evapor- 

arcd IO give 2 91 g of ~hc ncurral poruon as a ycllowrsh brown 011 

After washing wrrh erher and then AcOEt. rhc resrdual aqucollr portIon from the above steam dlsldlatlon 

was made alkahnc wtth aqueous ammonia and extracted with CHCI, The CHCI, soln was shaken wrrh 

5 O0 HClaq From rhc acid cxrracr. the basrc portion (3 g) was obramcd as a dark 011 

Isolurion o/ lwxhniolucrone (IV). The above ncurral pornon was chromarographcd on 6og alumma 

(acrrvny II Elurron wrrh 300ml ether and rhen wtrh 400 ml AcOEI gave I.300 g of thccrudc lactomc fraclton. 

which was purified by alkalrne hydrolysis and subscquenr acrdrlicatron The raulrmg 011 (400 mg) was 

rechromarographcd on (1 g ncurral alumma Benzme and bcnrcnc-crhcr (4 I )clu~cd a yellow 011. which was 

d~st~llcd IO grve pure hschmalacronc as a colorless Irqurd. b p 105 1 I? 6 mm. [xl;’ - Ig-2 Ir 2 10. 

” A copy of rhc IR spccrrum (in CttCI ,I of rhc drmcrhyl csrcr of DJerassr’s acrd was krndly xnr here from 

Professor 1. H Brtggs 
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Wovrnumbrr 

445 

CHCI,). tJc” 1743. 1275. 1245. 1058. 1033. 835 cm ‘. r(“‘* g.95 (doubler. _J = 7. 3HI. 7.60 Idoublet. J = 6. 
2H). 5.88 (doubkt. J = 6.2H). (Found: C. 701 I ; H. 9.13 C,lI,,Oz rqulra. C. 70.10; H. 9 153,.) 

The lactonc was also isolated by the preparaitve VPC Thn substance crysralhzcd on srandmg m a 

rcfrlgcralor and mcl~cd at room temp 

Isolation ojboschni&nr (I) and boschniakinic ocrd (III) The basic fracrlon. dcscnbcd above. was chro- 

marographcd on 3 g slhcagel (acrtvliy I) Elutton wcth CHC!, acetone (95: 5) gave I al g of a pak yellow 011. 

whtch was dl\rlllal IO glvc 731 mg boschmakmc as a fragrant colorless Ilqutd. h p X0 90 3 mm; 

I ali +21*2 fr 098.CItCI,~.n:,0 I 5437.1::” ,39.268.2W2 rnp (log c: 3 75.3 26.3 19). Y’S’” 2725.1700. 
1577 cm- ’ ; Tolkns‘ reaction- ~OSIIIVC and xmicarbazonc. m.p 277..278’ dcc; vz& 3410. 3210. 3145. 

1690.1605.1575.1455.1130.1I20.1100.945.930.787cm ‘(Found.C.6079;H.~M;h’.ZS66C,,H,,N.O 
requires. C, 6053; H. 647; K. 25.67%) 

An addirlonal sublimabk crystall~nc compound was obtamcd from ~hc high-boiling fracrlcm on distrl- 

larton of boschmakmc Rccrystalhzatlon from MeOH gave colourlc~ crystals ol Ill. m.p 215 220 dec. 

vNgJd 2400. 1900. 1700. 1602. IS75cm ’ 
C:;77R;H,626;h.,791”,., 

(Found: C. 67.78; H. 6.59. N. 7.93 C,,H,,NOI rqulra: 

Porass~wn permanguMre oxdmon oj boschnrolacmw. Aqueous 3 “6 KMnO. (2Oml) was added IO a 
sllrral soln of boschntalaclonc (.3(K) mp) m 10 ml 5 ‘,, KOH aq under IU coolmg After srandmg ovcrmpht 
at room temp. the reactton mixture was filrercd. and thcaqucouslaycr acldificd wlrh dll HCl After extraction 
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wtth c~hcr. the ether soln was dried and evaporalcd IO give a yellow viscous 011. which crys1alhzcd on 

standmg. Rccrysralhratlon from pen1anc~erha (I : Il gave crysials of WR)-c~(-r~-bO~~hn~alln~c acid. m p 

82 83 .[%I:” - 32.X’ (c. 072. CHCl,). Y_, *wd I700 1’50. 1220.898 cm - ’ Dlmerhyl csler ~‘2’” 1730. 1260. . _ 
l?CW. IlOOcm ’ 

ilw~ng Minion rr&crton ojhuschncokint ‘To a soln of 300 mg boschmakme In Ia ml diclhykne glycol. 

O-3 ml 909, hydrazinc hydrate was added and the mixture healed a1 I IO I20 for IO min Aficr coolmg. 

0 3 g KOH was added and the mlx1ure hcarcd a1 I8@ I90 for 2 hr The rcacllon mtxiurc was then taken up 

m several porrlons of ether The combmcd cihcr layer was washed w11h 30Y0 NaHSO,aq and cxrracicd 

with 5” D HCI The acid ex1rac1 was made alkalmc w11h KOHaq and cxlraclcd rhoroughly wl1h cihcr 

Af1er drying and evaporarlon rhce1her soln gave 56 mg of a yellow 011. the IR spcclrum of whtch was tdcnitcal 

with rha1 of narural ac1cmdtne’: picrale. m p I43 144 

Oxidurron o/Lto.schnrukrnt wrh silcrr oxide To a mtxiurc of 200 mg boschnlakmc in IO ml EIOH and 

I36 mg AgNO, In I ml waler. IO ml 0 Sh’ h’aOH. was added dropwise The mixture was kcp1 slirrcd al 

room 1emp for 3 hr The black Ag suspcnslon was Iilrercd oil and 1hc filiralc was washed wrth c1her. and 

brought IO pH 6 2 wlrh dll HCl. and cxiracicd with CHCI, The CHCl, .soln was dmd and evaporated 

lcavmg a crysrallmc residue which from MeOH afforded an ammo acid. m p 210 215 Idcc). whose IR 

speclrum was ldcntlcal wl1h 1ha1 of 1hc boschntakmlc acid described 

Spnrheses ojr~ -ho.whmalactone and related lacrones 

Esrers c~.l-mrrh~/-2-oxoc)r~~~f~/~~erlr a&. To a stIrred suspcnslon of 1he Na sah of erhyl 3-meihyl-2- 

oxo-cyclopcn1anccarboxylete [prepared from I70 g (I mole) of 1hc ketocsler. 23 g powdered Na and 500 ml 

anhyd benttnc ] I84 g ( I I mole) cihyl bromoacela1e was added dropwise The mixlure was slured PI room 

1emp for 3 hr and rhen decompscd with cold dil ItCI The separated organic layer yielded 24Og which 

dlstllled at 4 mm IO glvc lIltI g l74”,,) of a colourless liquid. b p. I34 4 mm 

This product (Wg) was then healed under rcIlux wtih 200 ml 6% HCl and 100 ml AcOH for 5 hr The 

only acidic product. ohtamed by thorough cxirac1lon of rhe rcac11on mlxiurc w11h erher and cvaporarlon. 

was Immcdra1cly n1erlIied by refluxmg with -XXI ml McOH and Sdrops dconcd H$O. for 5 hr .WOSI of 1hc 

MeOH was removed under reduced press and 1hc raldual orl1aken up in bcnrrnc The bcnzrnc wln was 

washed wlrh NaltCO,aq and waler. drted and evaporated IO glvc 3Og hquld. which dls11llcd a1 4 mm 

ylcldmg 27.1 g (82 “.). b p 89 92 4 mm and 2.4-dmlirophenylhydrarone. m p I35 I36 (Found : C. 51 56. 

H.536.h’. 1593 Calc forC,,H,,N,O;C, 5142; Ii.5 I8;N. I599”,) 

Stmllarly. the crhyl ester was ob1amcd using EIOH for 1he es1crllicarion. 

Elhyl ?-mr~hr~x~mPfh~/enc~-3-mrrh~I~~ck~pen~y/u~e~ufe (VIII To a dtme1hyl sulfinyl carbamon soln 

[prepared from 002 mole sodium hydride (54 5 “0 mineral 011 dispersion 088 g) and IO ml pur1Iicd DMSO 

by the known melhod 1”” a .soln of 6X5 g I002 mole) 1r~phcnylmc1hoxyme1hylphosphontum chlorldc In 

20 ml DMSO was added dropwlsc at room tcmp To rhe resulting dark red yltdc soln. 3-6fi g tOtI mole) of 

VI was added a1 room 1emp ARcr s1lrrmg a1 55 65 for IO hr. the mixlure was dllu1cd wl1h an equal volume 

of waler. and exrraclcd 5 ilmes wl1h hcxanc The hcxanc soln was washed. drlod and conccnirated IO 

yield a yellowish brown 011 IMlllaiion a1 3 mm gave I 44 g of a colourlas Ilquld. which was found by VPC 

IO bc a mixlure of nearly equal amount of VI and VII The mc1hoxymc1hyknc cs1cr VII was lsolarcd In a 

pure s1aIc by prcparalive VPC. 319 mg ?A:‘” 2860. 1740. I690 cm ’ 
Aft-thy/ ?-mP~kox~merh~/-3-mPrh)-lc~c-lopenr~bcerorr (IX) A soln of II 25 g of 1he mlxiurc of VI and VII. 

obtained by the above Wllllg reactton. In 50 ml fitOIl was hydrogenarcd under I5 20 alms a1 room remp 

wl1h a lcaspoonful Raney NI (W-7) for 5 hr After liliraiion of 1he caralysr and evaporallon of rhc solvcnr. 

1he ratdual 011 19 7 g) was hydrolyscd by rcfluxmg with 40 ml IO” n NaOli aq and 20 ml ErOH for 4 hr 
After removal of most of the ElOtI by dlstlllailon. acldtfica1lon with IICI and cx1rac1lon with knznc. 1he 

bcnr.cne layer WBS worked up as usual The ncuiral fraction. a colourlcss liquid I3 26g). had ihe IR max 

al I780 cm ’ and was ldentlcal wllh the laclone of 2-hydroxy-3-mc1hylcyrlopenlylacc1~c acid prepared by 

dlrccl hydrogcnarlon and laclonirarion of VI The crude acldlc fraction 13 6g) was treated with ethereal 

dtaromcihane and chromatographcd on 72 g of alumma lac1lvlry II1 Mullon with bcmnc gave 2.27Og 

of a colourlcss hquld. which was submlcd IO repealed chromatography on 50 g slllcagcl Flurlon with pet 

elher:ether (5. I)gave I 816g ofa hqutd. which cxhtblted IWO close peaks on 1he VPC; ~‘2’” 1735. 1-w. 
I 15% I I IO cm ‘. ~(‘(~4 902 (doubles. J r 6. 311). 6 75 fsmglet. 310. 6 72 (doublei. J = 6 2H). 640 (smglci. 
3Hl (Found C. W-IO. 6600; 14. 1006. IO I I C,,Hz,O, rcqulrcs. C 6597; H. l&07”;) 

Allho@ a component of thls mIxlure could be lsolaicd In a pure stale by careful chroma1ography on 

slllcagel. 1he yield was very poor Therefore. I’~C mlxiurc was used dlrxtly In the next step ‘Ihe mass spcc1ra 
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of rhc mrxrurcand a purcsubsrancc wercalmosr rdenrrcal. m r200(molccular peak). 185.168.153.108.Y5.81 

(base peak). 67. 55.45. 

t,~.-Buschnrulurror (X) und rhr Iucron~s (XI) oj 2-hydrox~-2.3dinurhy/~y~~o~~y/~c~r~~ ocrds A mrxrurc 

of 920 mg of IX (I& mrx~urc of IWO componcnrsk 13 ml d BF,-AcOH compel and 7 ml CHxCl, was 

healed under rcflux for 6 hr. Aher coohng. the rcacrron mixrurc was decomposed wnh 30 ml Ice-waler and 

cxrracred wuh ether. The ether soln was washed wnh NaHCO,aq (from thus washing 531 mg dlhe srarrmg 

marcrral was recovered after arcrrlicarron). dr& and evaporated 10 leave 618 mg of a brown 011. whrch was 

hcarod under reflux wuh IO ml I K KaOtl (or IS mm The clear soln was washed wnh ether. acrdfti. healed 

a! IO0 for 5 mm. and exrracred wrrh ether Alter evaporation of ether. 233 mg of a yellow hqurd (lacromc 

Iracnon) was chromatographed on log srhcagcl wrth CItCl, conrammg OS”; F.10ii The fracrron was 

colkcrcd In 10 ml portrons and rhc rardual hqurd from each fracrron was analyscd by VPC. The fracnons 

IO IO I2 conramcd ca. 90>, of or.-boschmalacrone. 1R and SMR spectra of which were rdcnrrcal wrrh those 

of the natural lactonc. m c IS4 (molecular peak). VS. 82. XI. 67 rbasc I)eak), 55. 41 The fracrrons 5 IO 7 

cxhrbucd an IR max at I760 cm ’ and were idcnucal with the S-membered lacroncs (XI) dcscrrbcd below 

‘The hydrolysis of IX wrrh 4X”, HBr or cone HIS<), gave only the lacroncs (XI) 

Erhyl2-jorm~l-3-mPrhylcyclopenry~u~rrure (XII) A soln of 250 mg (1 Ig mmolc) of VII m 3 ml t10H and 

3 ml 2N tiCI was healed ar c10 for I hr under Nr. d~lutcd wrth waler. and cxrractcd wrrh pc~ ether (bp 

40 60 ) The pc~ ether soln was dried and evaporated IO leave IX3 mg (78”~ of a hqurd. v’s’” 2740. 

173Ocm ‘; and 2.4dmirrophenylhydrarone. m p I IY 121 5 (Found. C. 5404; H. 5 98. N. 14 YO 

C,.lIzlN,O, requucs: C. 5396: II. 5 86. S. 14 81 O0 1 
7’hu Itrc-ronu (XIV) (~1 I .2-rrun\-?~h~dro~murh~/-3-murh~L-~c-/r,prrrl!/oc-e~rc trd The aldchydc XII 

(150 mg. 076 mmolc) m 20 ml MeOil was treated with NaBIt, (YO mg. 2 38 mmolcs) In IO ml MeOH ar 0 

After slanding ovcrnighl. Ihe rcaclion mrxturc was Ireared as usual IO grvc I23 mg of a neulral OIL which 

was rcfluxcd with S”, NaOtl aq (IO ml) for I hr ‘The soln was acldlfied, hcatcd for I hr. and extracted with 

ether IO give IO mg lactomc and 77 mg acrdrc fracrrons The former was found IO be a mrxrurc ol XI and 

XIV by rhe IR spccrrum (bc_, 1780 1740. broad) and VPC Drsrrllarron of the larrcr gave rhc laclone XIV. 

b p I25 I45 3 mm (barb lcmp). ~‘2” 1735. 1260. 1190. 1020. 80 cm-‘. m c IS4 (molecular peak). YS. 

8 I (base peak). 67. The mass spectrum of XIV was almost rdcntrcal wrrh Ihat of the natural boschnralacrone 

Erhyl 3-mcrhyl-?-mrrh~lcn~r~~-~~~nr~/u~~fur~ (XV) Compound XV was prepared from VI by rhe WIIII~ 

rcacrron m 1.2.drmcrhoxyerhanc as a solvcnr.” b p. 65 75 6 mm v’s’” 3060. 1730. 1660. gg5 cm ’ 

Acul rreufmenr <fXV A mrxturc ol30 mg of XV. 4 ml Et011 and 2 ml 2h’ HCI was heated under rcflux 

for 2 hr and then conccnrrarcd under vacuum A CItCI, soln of rhc rcsrdual oil was washed and evaporated 

IO g~vc a colourless hqurd. which was a mixture of IUO componcnrs cxhtbiimg IWO close peaks on VPC 

(The same mlxfurc was also lormcd from the reaction of VI with one cqutvalcnr of McMgl ) ‘The IWO com- 

ponents after separation by careful column chromatography (s~l~cagcl chloroform conlaunng 0 5 “,, 

EIO)~) had the carbonyl absorption band a~ 1760 cm ’ and closely rcscmblmg hngcr prmr regions m IR 

spectra. one of them: v_ “q”‘d 1760 1’40.1150. 1105. 1027.943 urn- ‘. the other: ~‘2’” 1760. 1240. 1160. I 110. , L 
1045.Y40cm ’ Their LMR spectra exhlbllcd IWO kinds of methyl proton signal. r‘r’a HYS (doublet. 

I L 5.311). 8.60 (s&et. 3Hb From these spectral data bolh compounds were consldacd lo be the slerco 

rsomcrs of S-membered lacronc XI. 

Purrwl rsomrrrrofion c~~r,l.-ho.r~hniulorronr rirh ucd A soln of 30 mg t~1:boschnlalactonc m 2 ml EIOH 

and I 5 ml 2h’ )ICI was heated under reflux for I hr and then concentrated under vacuum Chloroform 

extraction gave g mg of a colourless liquid. which was a mixture of X and Xl by VPC 

Synrhesrs of tu~schtuakrne. r>L.-bosc-hnraklnu and orkr rekutt-d p)-ridrnt- dertrufr1*s 

l)L-4-Cyuno-6.7-dlhydro-I.3-dth~drox~-7-rfhy/-~H)-2.pyrr~~ne (M-XX) A mrxturc of I2 7 g (DOgI 

mole) of M-XIX.” 40 ml 28’/. aqueous ammonia and 9.2 8 (0081 mole) ethyl cyanoacelatc was stirred ar 

room iemp for 2 days IO form a thick slurry Coolmg al 0 for I hr and fillralton gave YO g of a pale yellow 

powder. which was revrystalhzd from 6N MCI. 7 4 g (52 9,). m.p 218 223 ; jg” 261. 32Y mu (log E 

403. 425). Y, vCigJd 3220 Moo 2600. 2240. 1670. 1640. 1570. 1150. 860 cm ’ (Found. C. 62%3. 62 Y4; . 
H. 532.497; N. 14% C,,H,OhzO1 rcquircs.C‘. 63 IS; H. S-30; N. 14739,) 

4-C~uo-6.7dihydro-I.3drh~droxy-7(R)-nurhyl-5(H)-2-pyrindrru (XX) was prepared from XIX by the 

same method. m p 220 226 , [z]:" '-866 (c: I 0. CHCl,). 

1~~4<‘~ono-l.3-dichloro-6.7dihydro-7-nurhyl_H~i)-2-pyrindrru. A mIxlure of 390 g (002I mole) of 

DL.-XX and 20 ml (022 molt) PoCl, was placal in a sealed auk and healed at 180 for 5 hr ARcr standtng 

ovcrnighl al room temp. the reaction mixture was decomposed with ICZ and cxtraclcd with CHCI,. The 
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CHCI, .soln was washed with cold So, h’aOHaq and then with water. dncd and evaporated to leave a 

brown hqu~d. which was dlstllled under vacuum. 341 g (NI”,): ;,‘A? 240. 2X3. 292 mp (log c. 40% 3 66. 

3.67): v”pu’d 2240 1565 1362. 1210. Y44. 765 cm- ’ (Found: C. 5397. 53 IS; H. 3 73. 3-X0; S. 12.38. I2 IS . . 
C,,,H,&I> rqurrcs. C:. SZW; H. 3 55; N. 12-34”. ) 

4~Cyuru~-1.3-dich/r~ro-6.7-dih~dr~~~7fR~~m~th~f-~H)-2-p~r1~1~ was prepared from XX m 74 “f; yield 

by the same method. [z]: - 53.8 IC 1 X. CHCI,, 

t)L-4-C’)ano-6.7-dihgdm-7-mrrh~f.~H)-?-p)-rindlne IOL-XXII A soln of 5 263 g (0023 mole) of DL-1.3. 

dlchloro denvatlvc m I20 ml MeOH was hydrogenated with 0 5 g PdCI: and gOg AcOK at room tcmp 

for 4 hr under 50 atms il* press After filtration of the catalyst and cvaporatlon of the solvent. the residue 

was trtturatcd with NattCO,aq and extracted curth ether Fvaporalion of ether gave 2 Y5 g of a brown 

hquld. which was dlstllkd IWICC. h.p IO0 I IO 2 mm, O-71 3 g f IV 3 “,); iz?’ 272 2X0 mp (log 6’ 3 2Y. 3 25). 

v’lqrY 2220. 1578. I41 2. 903. 723 cm ’ fFound~C.7515.74Y9:11.6X6.6X3.N. 1720. 1670 Cl,,H,,NJ 

rc&rcs C. 75,Y?; H. 6 37, S’. 17 71 O0 ) 
4-C~ono-6.7-d~h~dro-7(R~.m~*rh~f.~H)-2-pyri~i~ (XXI) was obtamcd from the optically actlvc I.!- 

dichloro dertvatlvc by the same method 

DI -tbschmaLme A suspension of I.5 g (7 Y mmolel anhyd S3<‘l, In 30 ml anhyd ether was saturated with 

dry HCI at 0 (I hr) and then I44 mg (O-91 mmole) of IN .XXI was added to this mixture with vigorous 

stirring The mlxturc was stirred whdc hcatcd under rcflux for 6 hr and HCI gas was passal contmuously 

during this reaction period The solvent was remobcd under vacuum and the rcslduc steam dlstllkd The 

dtstdlate u-as made alkalmc with aqueous ammonta and extracted thoroughly wrth ether Lvaporatton of 

ether and dtsullatlon of the rcsrdual 011 gave a colourlers hquld. whox IR and (:V spectra were Identical 

with thaw of the natural boschmakmc 

7(R~-Bnrrhniokrnu. [x]:,’ + 2X 4 (c. 07. CHCI,). was ohtamed from XXI by the same method as IN - 
boschmalmc and was Identlfiaj with ~hc natural boschmakmc in all respects 

2..5Jefhox~rurhon~l-HR)-mPrh)/r~c/openraru~ne (XIX) Methyl pukgenatc (20 g) prepared from I + )- 
pukgonc 189 DO purity. [z]~, t 26 6 ) accordmg to Walmsky’s method. ‘M was saturated with 0, at 20 
In 70 ml CCI, After addition of an equal amount of water and warmmg at CIO for 10 mm. the aqueous layer 

uas xparatcd and the orgamc layer extracted 3 tlmcs with cold Q54 NaOllaq The combtncd alkahnc 

soln was acldlfied with dll fl,SO,. saturated with salt. and extracted with ether After washing with 

SaH<‘O,aq and drymg. the ether soln was cvaporatal to g!ve 8 4 g of a colourkss liquid Dlstlllatton under 

N, gave the product. 60g t35”,). bp 70 73 3mm; [x]p -XI 6 (neat). 12.:‘” 1750. 1720 cm ‘, FcCl, 

reaction deep violet 

Ethyl 24rhor!ccu~n)/-.R)-mrrh~lc~c-lopm~. 1 -un$c~uru,ucetaIr (XXIV) ‘To a thick slurry of ethyl 

potiuslocyanoacctatc [prepared from 60 g (0 I.54 g atom) of K. 50 ml anhyd F.tOH and 16 X g (0 l4Y mok) 

ethyl cyanoacetatc at 0 ] 25 g (O-16 mole) of XIX was added dropw1.u with vigorous srirnng at room tcmp 

After standmg overncght. the reddish brown soln was decomposed with dil HCI and extracted with ether 

The ether soln was washed. drlcd and evaporated IO gl\e a dark red Ilquld. which was dtstllkd under 

vacuum. bp I40 142 3 mm. 15.3g (36”,); v,, __ ‘w’~ lWl 1725 1625. 1280. 1100. 1030. 861). 785 cm ’ 
Efhyl 2~etho~~c-ur~~n)-/-3(R~m~rhp/r~c-/opent~/c~aru~ocrlorr (XXV) A soln of 6Og of XXIV In 30 ml 

1:tOH was hydrogenated at 20 under I atm with 200 mp of f’t0, catalyst After uptake of 73Oml of fI* 

during 3 5 hr. absorptton ccascd (theoretical amount of H, - 540 ml) and the mixture was filtcrcd and the 

filtrate evaporated Dlstrllatton under vacuum gave 5 X4 g (97 ‘,,) of a colourlcss hquld. b p I?? 123 

3 mm, vz’” 2260. 1735. 1250. 1-W. 1175. 1030.86tl cm ’ 
3(R)cls.trans-boschniolinir acid (XXVI) and 3fR)-cis.cia-bos&nia~Mc acid (XXVII). A mixture of 

II-2 g of XXV. 56 ml cone H(:l and 2g ml water was rcfluned for 4 hr to form a pale brown clear soln 

After dlluiion with an equal volume of water. trcatmcnt with charcoal. and thorough cxtraclmn with ether. 

the combmcd ether soln was dncd and r\;rporatcd IO p~\e )1 5 p of rl ycllou- 011 which was dcvclopcri on 

100 g of s111ca gel with CHCI, 

Flutlon with CH<‘I, contarnmg O-5 O,, EtOH gave 2 005 gofcolourlesscrystals. m p 100 IO6 . from which 

I IO0 g (14”~ of XXVI was rsolatcd by repeated recrystalllcatlon from pcntanc ether (4 1). m p II . 
lz]l,’ -41 I (c: 14. CIICI,~; v2:” 1700.?300. 1240. 116O.Y45cm- fFound:C.SX-48. SX3O.fl.7g7.7 7Y 

c‘,H ,.O1 requires C. 5x415. H. 7 5X “‘, 1 The &methyl ester : vz:‘” 1735. 1200. 1170. 1015. 930.89O.RS5. 

X00.770 cm ’ 

. 

A soln of 120 mg of XXVI m 2 ml Ac,O was heated under rcflun for I hr The excess Ac,O was removed 
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under reduced press and the rcsrdual 011 drstrllcd a1 I.30 3 mm IO grvc WR~~lrans-bosc-hnrolinrconh~drtdu 

tXXXt) as a colourless liqurd. 94 mg tg?“,). Y_. ‘*.* I X05. 1760. 1260. 1070. 1040. 970. 940. 860 cm- r. rc”* 

X 77 Idoubtct. J = 6. 3H) 

From the fracuons clutcd wnh CHCI, conrannng 19, ElOtt. I X93 g crude crystals, m p 65 71 was 

obramcd Repeated rccrysrall1zat1on from pcntanc:erhcr (4.1) gave 0.684 g (H-g”,) of XXVII. m.p Et5 

[zjf:’ - 33 7’ tc. I I. CIICI,). v2:” 1700. 1295. 1240. 1200. 1160. 1115. 1070. 1025.995.900.730cm ‘. 

IFound. C. Sg.33.57 91 ; H. 7 33.7 43 CJI ,,O, requtrcs~ C. 5X05 ; If. 7 5g “,) Thus acid was rdenrrcal with 

rhc sod obramcd from narural boschnralacronc by the alkalme pcrmanganalc oxrdarcon: the drmc1hyl 

cs1cr: $2” 1730. 1265. 1195. 1170. lo&). 1005. X90. gS0. X20 cm ’ 
)(R)-cls.cls-&,.s~hnrallnlc onhydrtde (XXXIII) was prepared from I20 mg of XXVII and 2 ml Ac,O 

1~s described above. X9 mg (X2 “,). Y_,, ‘lqrd IX05 1755. 1240. 1090. 1035. 975. 940. X90. 750 cm’ ‘. :((‘a X91 . 

tdouble1. J = 7. 3H) 

Have cawlysed equiltbrurion between isomerlc drmerhyl bbxhnrahnales 

(a) Dmrrhyl WR)-crs.rrans- and WR)-trans. cls-boschniolrnure. A m1xiure of drmcrhyl WRhcr~runs- 

boschmahnare. prepared from 256 mg of the acid XXVI and cihereat d1axomethane. and McONa soln. 

prepared from 200mg Na and 3 ml anhyd MeOH. was hearal under retlux for 20 hr. After removal of 

MeOH under rcduad press. the residue was taken up m ether and yreldat 182 mg of a nculral 011. whrch was 

a mrx1urc (60 401 of the drmcrhyl csicrs of rrun.\ (-I\. and c-r\.rrtrrr~-.rcrtl hy VPC .Saporuhc;rrmn ol rhrs 

produc1 wirh 2K NaOH (100’. 3 hr) gave a mrxturc of dicarboxyhc acids, from which 3(R)-1rans.crs- 

bc~schnrolinic acid (XXIX) was isolated by ~hc fractional crystallization from penrane:ethcr (4: I). m.p. 

99. 101 . 54 mg (?I 3,) An additional IWO rccrysrallizarrons gave a pure sample. mp I03 IO5 . [a];’ 
- 2S 1 (c: I 2.CIlCI,);v*~{d 1700. 1320. 1240. IltQ 1110.945.750cm~‘;rhed~merhylarcr vz::* 1730. 

124O.Il95.Il6O. 1010.970,x54t. 77Ocm ’ The IR spectrum of rhc cstcr was rdcnr1cal wnh rha1 ofdrmcrhyl 

r,L-lro~.rt.s-boxhnlalinate 

WR)-trans.cn-Boschnrcllinrc onhydride (XXXII) was prepared from 54 mg of the acrd and I.5 ml Ac,O 

al room remp (5 hr) and dtsrillcd at 120‘01 mm 45 mg (92-S%) This subsrancc whdrtied on standing. 

m.p. 67 71’ ; v”;!” 1810. 1760. 1220. 1150. 1060. 1030. 9x5 960 cm ‘. I’~” 8.94 (doubler. J - 7. 311) 

The anhydndc XXXII rsomcrrxed quanrctat1vcly 10 the ci.s.rrons-anhydride XXX1 by hcatmg at 180 200 

for 0 5 hr with Ac,O (confirmed by rhecomparrson of Ihe IR and rhc NMR spectra) The acrd. ob1amed by 

hydrolyses of the tsomerrrrd anhydrrde wrth water (IOU. IS mm). had m.p I IO I I I and was not dcprcsscd 

hy admrxturc wrrh 3(R)-cis.rrons-sod, m p. I I3 VPC of the drme1hyl csicr of the acrd showed no 1racc ol 

rhc rruns.c-Is-acrd In this product 

The acidic product (78 mg) was also formed by the above cqu1hbrrum rcacuon. VPC of IIS methyl csicr 

showedrha~~h~swasam1x~ure(60:40)olrhcfruru.cir-and~is.~run~-ac1d Rccrys1allizattongavcanaddruonal 

poruon (22 mg. 8.6”d) of 3(R)_rruns,ds-acui. m.p. 103-105 

Drmcrhyl UR)-rruN.cis-hoschnlPllnale (from 20 mg of XXIX) was also submnrcd IO the cqu1hbrairon 

wnh McONa m McOH (60 mg of Na and I ml MeOIl) The product was a mrxiure of rhe rrun.s.c~~- and 

the cis.rrunsarer In rauo 57 :43. 

HR)~ir.rruns-boschnlallnlc actd remained unaflcctcd on rctluxmg with 21r; NaOH for 20 hr. 

tb) Dtnwrhyl UR)-c~s.c~s- und WR)-lrans.rranr-boschmclliMre. Drmethyl WR)-cu.cis-boschntallnarc. 

prepared from lo9 mg of XXXVII. was rcfluxcd for I4 hr with McONa soln, prepared from 240 mg Na 

and 4 ml anhyd McOH Water (2 ml) was added and the m1xiure was healed under retlux for an additronal 

2 5 hr The crude acrdrc produc1 was a m1xturc of the cis.as- and the rrun.s.rrans-acid tn ra1)o 5:95 by VP<: 

of 11s dimerhyl cs1er. Recryrralhza1ron from pentanc:crhcr (4:l) gave 79 mg (72.50;) of 3(R)-trans.rrans- 

buschnrultnrc uctd (XXX). m p I IO I I I . [ z]F -65.4 (c: 23. CHCt,); v:!” 1700. 1245. 1160. 935. 
71ocm ’ (Found. C. 5X I I. SXO2: It. 776 7.91 C,tt,,O, rcqurra C. SX.05. Il. 7 5X”,,,) The drmethyl 

csler: v’sM 1730. 1260. 1200. 1155. 1100. 1015.925, 850. 76Ocm-r. 

OR))-crs.cts-Roxhntalinlc acrd was unchanged by hcaimg under rcflux wnh 2N NaOH for 20 hr 

Hydrolgst.r oj ethyl 2-efhoxycarhonyl-3(R)_nurhy~cyc~o~~-I-enylcyunw~crure (XXIV) A mrxturc of 

3 967 g of XXIV. 20 ml cone HCI. and IO ml water was reftuxcd ror 3 hr After dilurron wnh an equal volume 

of waler. lrcalmcnr wnh charcoal, and sunding overnrghr. the crysrallme ppi of XXVIII was colkcred by 

hlrrarron. 767 mg (2X sU), m p IS4 I57 and aher recrys1allurrron from water. m.p I57 158’ , [s];” + 17.1 

tr- 1.6. CHCI,); \:i” 1695.1640.1300. YSOcm ‘. rIyIF(-* X,gS (doubler. J = 7. 3H). 6.32 (singlet. 2H). 

(Found C‘. 5904. 5900; Ii. 6 7X. 6.82 C’alc. for C,tt,zO.. C. 58.69. tt. 6 573,: i The drmcthyl csicr was 
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prepared wirh e~bcrcal diaxomerhan+ tiz” 1735. 1710. 1645. 1260. 1200. 1130. 1045, 800 cm’ 1, f(=* 

n-88 (doubkr. I = 7. 3H). 6.38 (singler, 2H). 

The aqueous hlrraic was evaporated IO dryness and [he raduc was rnturatcd several umcs with ether. 

The ctbrr soln was conccnrrarcd IO g)ve I.155 g of a yellow OIL from which an addmonal crysral of XXVIII 

scpararcd slowly. The ether msolublc sohd was mixed wrrh waler ami then fil1ercd IO grvc 729 mg of 

6.7dihydro-l.3dihydroxy-7(RI-mclhyl-YH. Rccrys1allizarron from EtOH gave a colourkss 

nced1cs.m.p. 159.5 160’. [a];” - MW(c:07,CHCl,); vzi* 32CG2400.1660.1610,I565.1340.1255.II30. 

8SOcm-’ (Found: C.65.37; H.664. N, 8.34. C,tt, ,NOl requires: C, 6544; H. 6-71; N, 8,48:(,.) 

Ozonolysis oj XXVIII fo Z(R)-merkylgluroric acid. A soln of 800 mg of XXVIII in IS ml glacral AcOH 

was oxonued a1 20’ for 2 hr After addi1ion of IO ml water. the mix1urc was heated ai loo’ for I hr and 

cvapora1cd 10 dryness An acidrc prcducr (479 mg) ob1aincd was chromarographcd on 7 g s~hcagel wnh 

CHCl,. Crude ( - )-2(R)-melhylglulanc actd, I45 mg (23 “,). m.p 7@ 74 . was rccrys1allizal from bcnzne 

pm1ane IO g~vc 87 mg of 1hc pure sample. m p RI 82 , [ 1: ]A” - 21.2 ’ (c: 2 X. H,O). The IR specrrum of IIS 

dnncrhyl a1cr was ldeniical wnh 1har of the aurhcnuc dimcthyl or.-2-mc1hylglu1ara1e. 

fiydrogrnurian oj XXVIII Unsaiuratcd dicarboxyltc acid XXVIII was hydrogenated under I arm a1 

room 1cmp wi1h IOOmg PI caialyst in A&H. Af1er 2 hr. rhe reactron mrxture was worked up as usual. 

Two hydrogenation products. XXX, 61 mg m.p. 107.. IOR“. and XXIX 28 mg m.p. 97 98 could be lsola1cd 

and idcnt)liai wnh authennc spcclmens. rapccovely 

r,L.-rran~[rans-Bosc~nialtnic acid (Vlllb). The methoxymerhykne cs1cr VII was warmed wnh c~hanol~c 
HCI and then au was bubbkd tnro the soln for I hr The ac)dK producr nxolared as usual was furlher 

rclluxed wnh 5”: NaOHaq for I hr The mrxlure was ac)dGd and cx1racred wtrh c~bcr The ether soln 

was evaporated IO gcvc an 011. which crys1alhxcd on s1andmg m.p I I9 123 Rccrys1allrzation from 

penlane: ether. m p 123 124 . vz!” 1700. 1300. 1230. I IO. 940 cm-‘. (Found: <‘. 5X05. 58.28. H, 7.77. 

7.81 C,tl,,O, requires: C. 58G5; H. 7 WY,.) The dlmcrhyl cs1er: Y,, “W’4 1730, 1260. 1200. IISS. 1100. 

1015cm~‘;m~e2I4~molccularpcak). 1x3, I%!. 154.141. 122.95.81 (bascpcak).69.59.41. 

A soln of 433 mg (2.33 mmolc) of Vlllb In 3 ml Ac,O was IcR srandtng overmghi a1 room 1cmp. The 

cxazss Ac,O was removed under reduced press and the residue d)sr)lkd IO grvc 337 mg DL-I~oN.~~o~- 
boschniahmc anhydndc. b.p. 12&130 :3 mm (bath rcmp), vJz” 1810. 1760 cm ‘,* r‘c’* X.76 (doubler, 

J = 5, 3H) The anhydrtde was hydrolysal wuh 5 y0 NaOH aq a1 room rcmp for 5 hr or by rclluxmg wi1h 

waler for 2 hr IO yeId pure frun~.rrunr-dlcarho~yllc ;rc)d. m p 123 124 

The dimerhyl cs1cr of Vlllb remamcd unaffccicd on heenng under reflux wnh excess mc1hanohc McONa 

for 2 hr 

t,~cu.cts-Boschnrahntc md 

(a) By ox&non (4 m-boschmalacfone (X) WI/I a/ka/ine poruts)um permonganure. To a soln of S2 mg 

10.34 mmok) nt.-boschntalactone in 25 ml 3”; KOH aq. 2-8 ml (091 mmole) 5 “6 KMnO,aq was added 

under ICC coohg. After slandmg for I2 hr a1 0 5 , the mixlure was worked up as dcscnbed in the oxidation 

of 1hc nalural lacronc. The crude produci (33 mg. 5S0,,) mrys1allizd from pcnianc: erher (4:l). m.p 

107. I09 ; ~2:” 1700. 1350 1100 (9 small peaks). 930 cm-’ Tbc dtmc1hyl csicr: 22’” 1730. 1260. 1195. 

1165. loo0 cm-‘. m P 214 (molecular peak), 183. 182. 154. 141. 127.95. 81 (base peak). 69. 59.41. The IR 

spectrum and 1hc VPC were Idcnncal wtrh those of drmeihyl 3(R)_c)s,cisboschnrallnate ohramrd by 

oxtdarion of 1hc natural lactonc and 1hc alrcmanve synihals descnbcd below 

(b) By tlurmal isomertrorion u/ t~1.-1rans,1rans-hoschniuhnrc anhydridc. The anhydnde. prepared from 

157 mg (084 mmok) or-rruru.rraas Vlllb. was healed a1 240 250 for IO mm Aficr dls1tlla1ion. rhc colour- 

Ien dlsnllarc was hydrolyssd with 2 ml waler ar 100. On cooling colourlcss crysials scpara~cd 100 mg. 

mp 86 89 This was a mIx1ure of 1hc rrons,rrans- and 1he rrs.crs-acid in rat10 37 63 by VPC of IIS dtmerhyl 

es1er r,1.-crs.cls-boschnlalinlc acid (20 mg, I3 “,) was obraincd by fracnonal crys1allizanon from pcnranc : 
ether and was rdcnrliicd with the acid prepared by the meihod (a). (Found : C. 5844. 5X.24; H. 7 73. 7 7X 

C,H ,.O. requires C. SX OS. H. 7 58 “., 1 Evaporanon of the morher liquor afrcr hydrolysis of rhc rsomcnzcd 

anhydndc gave addrnonal crystals (I9 mgk which were a mlxiure of the rrans.rrans- and os.crs-sod In the 

rauo 10.9 Thcrcforc. 1hc [oral qurhbranon ratio of bo1h acids m this rcacnon was 39.61 

r)l.-2-Corhr,x~3-mrrhy~~y~~~~~nr-2-rn-I -ylorefic acid (XXIII). Compound XXIII was prepared from VI 

by 1he m>thod of Bradfuzld er al’. m p. 192, 193’. v”:!” 1700. 1680. 1660. 1630. 1300. 1270. 1220.93Ocm ‘. 

rPW’d’a* 1.78 (doubler. J : I. 311). 6 2 (mullrplcr. I tl) (1:ound: C. 58 91. 58-53; Il. 6 X0. 6 71 Calc for 
(‘,)I. ,I), (’ 5X 69. tt. b S’-‘,, , 

ilydrogenaru~no/XXIII A solnof680 mg(3 70 mmole)of XXIII m I2 ml placlal AcOH was hydrogcna1ed 
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wlrh 100 mg PW, at room tcmp under I atm. Approx~ma~cly rhc theoretical amount of H, was absorbed 

over 2.5 hr. Filtrarlon and evaporation gave a colourkss vtscous liquid. On standing crystab separated. 

m.p. WI00 ‘. Fractional crystallizatton from benzene: bcxone gave IWO pure substanas. m.p. 120 122 

(59 mg) and m.p. IO%- I I I (I 28 mg). The former was identdied with Dr.-franr.rronr-boschalallnic acid and 

the lartcr, v”.* 1700.1300.1245.I205. I I Ro. I030 cm ‘, was found IO be nt.-rranr,cis-actd by the comparison 

of the IR and rhc mass spectrum of its dimelhyl cs~er (v,. “9~~1730.1260.1200.1160.1015.925.8M.760cm”. 

m’r 214. 183. Ig2. 154. 141. 127, Y5. 81. 69. 59. 41) wlrh those of dimethyl URtrronr.cis-boschnlallnare 

Contersion oj thr boschnidinrc acids IIUO the neperw acrds 

The /aclone (XXXV) of 1.2-cis-1.5-lrans-2~2’-h~drr~.~~-2’.2’ -dipheny/ethybS(Rb merhylcyclopentaner- 

c~dmylk ucid. The anhydride XXX1 (450 mg; 268 mmoks) wy(~t dissolved in 3 ml anhydrous MeOH 

and heated under rcflux for 4 hr Ebaporatlon of the solvent gave the half methyl ester XXXIV of 3(R)- 

cts.rruns-boxhmahmc acid as a pak yellow hquld. ~2:‘” 1725. l7Wcm ’ 
To a vigorously stirred soln of Grlgnard rcagenl. prepared from 250 mg (104 mg atom) Mg. 2 3 g (14 7 

mmolc) bromobenzcnc. and 10 ml anhyd ether. an anhyd bcnzcnc (4 ml) soln of the half ester was added 

whde heatmg under rcflux The mixture was healed under rcflux for another 7 hr. and decomposed with 

dll tICI under coolmg. The ether layer w= separated and rhc aqueous layer cxfracrcd 3 limes with ether 

The ether soln was washed wlih NaHCO,aq. drlcd. and cvaporaied IO give I 7 g of an 011 L’nchanged 

bromobcnzne was rcmovcd under vacuum at IO0 Tbc VIXOUS rcsldw was refluxcd with IO ml 2N NaOH 

for 2 hr. The mlxturc was washed with ether. actdlficd with HCI. and extracted with cihcr frvaporarion of 

ether afforded 559 mg of a yellow rcslduc. which sohdlficd on standmg. Recryslalllrilllon from bcnrrnc 

penranc gave 356mg (434”,) of a colourlcss prism. m p I35 . [z]A’ - 1064 Ir.10. C,)f,l. vz!” 1725 

1595.1490. 1240.1200.1065.1050. IOOO. 755.715cm ’ . r“‘* %X5 Idoublet. J = 6. 3lt1 (f:ound: C.g2.18. 

82 IY: H. 742.7 25 C*,It,$), requires- C. X2 32; H. 7 24”,) 

I .?-C-IS. 1.5.Irons-3T.2 -f)tphc,n!l~,rhl,n~II % R I-m~,rh~lc~c-/r,pmrunc*c trrh~rvl~r ac-ld [XXXVla) A mlxturc 

of3Xomgfl 24mmolc~ofihclacroncXXXVand I7 mlof70”,f~ v) H,SO,was kept al 60 for lOmlnwth 
ocxaslonal shakmg The msolublc malcrlal was well crushed durmg this pcrmd After standing at room 

tcmp for 12 hr. rhc yellowish brown suspension was dtluicd wtth #cc-waicr and extracted with ether ‘I%c 

crhcr soln was washed IWICC wtih waler. drlcd. and evaporated lo g~vc a solid m quaniltaltbc ytcld. m p 

I1Y .wh~hwasrccrysiall~rcdfrompcnianc~cihcr.m p. 137 I38 .[x]:’ - 16X (c OX.<‘HCl,~;!&?‘253mp 

(loge 4lX,.S_, . . wd 13@3 3ooo 1715. 1670. 1595. 1500. 1215. 1160. Xx5.770. 705 cm-‘; I(“‘* XYX(doublci. 

J = 6. W). 3X9 (doubler. J - IO. III) (Found C. X243. X223; it. 7 55. 7 51 C1,iill()I requires. 

<‘. x2 32. Ii. 7 24 og ) 
cts.lran\ .V~*pc*~~c[tc.tdXXXVllal A \oln ofrhc methyl csrcrt>67mg.0 X3! mm&l. prcparcd from XXXVla 

and dlaromcrhanc. m Ccl. (14 ml) was saturated with 0, at - 20 (2 hr) After slandmg overnIgh aI 0 . 

the reaction mixlure was added IO a soln of IY ml 5”, SaOHaq and X ml M”, HI<),. and ihen stirred a1 

room lcmp for ~ hr The organic solvcni was evaporated under reduced press and the aqueous layer was 

washed with ether. acldlficd. and extracted wtth ether The cihcr soln was dried and ebaporaled lo lcavc 

1~ mg of an 011 This matcrlal was heated wllh 3 ml 6N tlCl a1 100 for 2 5 hr Treatment with charcoal 

and cvaprallon gave 50 mg of a llqutd. which was chromaiographcd on 350 mg slItcage with <:i{Cl,, 
Colourless crystals (IO mg) wcrc obtatned. m p I23 I26 [z]: - 57 g (c: 0 7. CHCI,) RccrysIalhzatlon 
from penlane :cihcr (4 : 1) pw pure 3tR t-cts.rrons-XXXVlla. m p t 32 I33 The IR spcclrum of 11~ &mclhyl 

ester wan tdcnilcal ulth that of dtmcihyl cis-ncpcratc reported by McC.lvaln et a/ 2’ 

I.2-cls-1.5cls-2(2’.2’-diphen~~erhen~f) .((R~nurhylr~clop~nru~~ar~x~fl~ acld XXXVlb A soln of Ihe 

half mclhyl cslcr. b’s’” 1725. I7OOcm ‘. of 3(RI-rls.cis-boschnlallnlc acid. prepared from 496 mg (2 Y5 

mmole! anhydrldc XXXfll and 5 ml anhyd McOiL In 3 ml anhyd hcnzcnc was IreaId wlIh a I’hMgt)r 

sh. prvard from 250 m8 (104 mg atom) hlg. 2 5 g I I5 Y mmole) bromobcnxcne. and 10 ml anhyd ether. 

a dcscrlbod above In lhls case Ihc producl was isolated as the ody hydroxy acrd- XXXVIII. 739 mg. 

v’z:” 3400. 3300 2400. 17(K). 1600. 14Y5. 7X5. 760. 7(x) cm _ ‘, w hlch was tmmcdlarcly dehydrated with )o ml 

of 70”, (v V) lI$O. The unsaturated acid XXXVIb was obratned as colourlcss prisms 300 mg (33 80.1. 

m p 136 138 and rccrysialhzrd from peniane ether. m p I3Y- 140 ‘. i:y” 253 mp (log c : 4 2 I ). PP 33~3~ 
2400. 1695. 1600. 1500.950. XYO. 773.705cm ‘. T(~‘* X 94 fdoublct. J = 6. ~HL 3 7X (doublet. J = 10. 1~1) 
(Found: C. X2.11. X232. II. 727. 739 C,,H,,O, rcqulra’ C. X232; Ii. 724”,) 

cls.cls-.veperir acrd (XXXVllb) ILsrerilicaIton of 317 mg of XXXVlb with cthcrcal dlaromcthanc gave 

the methyl cslcr as a co(ourkss viscous hquld. ~2::” 1730 cm I, r‘%‘* 905 (doublcl. J _ 6. 3~). 392 

(doubler. J - IO. ltt) 
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A soln of Ihe cstcr m IS ml Ccl, was oromxd ar - 20 for 2 hr The aadlc product (51 mg) was hcarcd 

under rcflux with 3 ml gh’ HCI for 2 hr. The soln was evaporated IO dryna under vacuum and he raldual 

011 was chromatographcd on .3@l mg slhcagel wlrh CHCI, Rccryslalhtatton of a crude sohd from penlane 

ether gave 3 mg of as-cis-XXXVllh as a colourless crystals. m p I37- 13X The IR spectrum O~IIS dimethyl 

ester was ldenl~cal with Ihal of dlmclhyl Ix-ctsxts-ncpclale reported by McElvam ” 
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