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Abetraot- Dlhydroartemlrlnln (2). a. sodlu borohydrlde redwtlon prodwt of art~lrlnln (1). 
undergoen themolyels at 190 OC to give deaoxyartalslnln (3) and a preponderant decapcaltlon 
product (4) oonelstlng of 2 eplmers la, (2S, 3, 6SM-(3-oxobutyl)-3aethyl-6-C(RK+~ropanall- 
oyalohoxanone. and @b, (2s. 3R. 6R)-2-(3-oxobutyl)-3~ethyl-6-[(R)2-pro~~]-oyolohexanone. 

Artalslnln (qlnghaosu. 1). a ollnloally useful antimalarial agent isolated frcrm the plant 

Artmlsla annua, is an unusual sesqulterpene laotone which contalna an epldloxlde functlon.‘-7 

Dlhydroartunlslnln (21, obtained by the sodllrm borohydride reduction of 1, was reported* to be more 

therapeutloally active than the parent -pound. Early studies ln this laboratory daxonstrated 

that 1 rearranges and deoompoees to several products upon heating to 190 OC.g Three of theae 

products were Identified, none of whloh 1s preponderant. In contrast, we have noted that a mqlor 

thenxal deoompoeltlon produot 1s famed by heating 2 at 190 *C for 3 minutes. In this ooaaunlca- 

tlon, we describe the lsolatlon and ohemloal identlfloatlon of both the major and minor theraolyels 

products of 2. 

RESULTS AND DISCUSSION 

Dlhydroart~lslnin (2). prepared by aodlm borohydrlde reduction of 1,’ wan heated neat ln a 

round-bottom flask for 3 minutes in an 011 bath preheated to 190 *C. Upon ooollng to roa tmpera- 

ture. the brown mixture vp5 separated by a sllloa gel oolmn using 151 EtOAo/CH613 aa eluent to 

give 3 (301) and 4 (501). 

La 4b 

C-pound 3 crystallized fra hexane ae oolorleoe leaflets, mp 110-111 l C. CIW [CHI), a/z 267 

(M*l)l 1nOicatee that the moleoular weight of 3 1s 266. IR shows a 6-mrbered laotone oarbonyl 

absorption at 1748 a-’ wher0a.e ‘H Nl4R exhibits a slnglot at 5.69 and a multlplet at 3.20 pm for 

H-11 and H-8, reepeotlvely. Three methyl iunotlone show rooonanoee at 0.9h (br 8, 3). 1.20 (d, J - 

7.25 Hz, 3H). and 1.52 pp (a. 3) uhloh are capatlblo in ohalcal ehlft to C-8‘ (0.99 pp), C-9 

(1.12 pp), and C-3 (1.49 pp) methyl groupe, reepeotlvely. of ompound 1. 13~ lRlR spectra lndloate 

that ocrppound 3 consists of 15 oarbon at-8 and oonflrmed the exl8teJMZO Of a laOtOn Oarbony 
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(171.64 pp). One tertiary oarbon (99.54 ppl) attached to two oxygen atoms and two tetrt 

substituted oarboM llnked ‘by one and two oxygen ataM (82.31, and 109.07 ppm), respeotlvely, are 

clearly ldentltiable. The 11 other carbona are aliphatlc in nature (12.53. 18.44, 21.90, 23.42, 

23.85, 32.63, 33.39, 33.88, 35.23. 42.33 and 44.55 ppm). These data lndioate that -pound 3 is the 

known compound, desoxyartemlsinin (lit.,’ dp 109-110 ‘°C), whlah has been reported to be a 

oonstltuent of A. annua, 10 a metabolite of artmlslnln in man 11*12 and a catalytic hydrogenatlon 

product of artemlslnln.l 

Compound 4 1s an 011 whose ‘% NI(R and CC/CIKS (lsobutane) spectra indicate that it 1s a 

mixture o? two istiers (@a and 4b, m.w. 238) in a ratio estimated t6 be 2.5 : 1 by oaplllary CC/n.5 

and ‘3C NHR. Separation by TLC oould not be achieved in a varlety of solvent syataas. however. h 

and 4b could be partially resolved by fused silica capillary column gas ohramatogrrphy-msw 

speotraetry. IR (neat) demonstrated a broad oarbonyl absorptlon at 1715 a-‘. ‘H N!4R shows the 

presenoe of an aldehyde proton at 9.74 pp. a sharp singlet at 2.13 ppm tor methyl function and a 

aultlplet oentered around 1.06 pp for two methyl groups. ‘% NMR indicates that both ls~~ers 

CONlSt Of 14 OiWbOnS, including one aldehydlc, two ketonlc and 11 allphatlo with no oxygen 

attachent. The minor lsamer has 6 of 14 carboru with a sllght difference In chemloal shifts (A 6 S 

lpp) from the major isomer, lnoludlng the aldehyde and one ‘of the ketone oarbonyl oarbori atolas. 

CC/MS data indicate that compound 4 dehydrates readily under chamlcal ionization mass 

SpeCtraDetrlC OondltloN uslng CH4 as reageni gas. The base peak 1s m/z $21 (M+l - H20) and the 

lntenslty of M*l peak (m/z 239 s 61 of the base peak) 1s so weak that it can be easily overlooked. 

However, a strong H+l peak (50% of the base peak) was observed when a softer reagent gas, 

lsobutane, was used. The EI fragmentation pattern of 4a and 4b [m/z (I relative Intensity) 220 

(0.18, n! - H20). 210 (4, M: - CO), 180 (2.4, Hf - acetone or proplonaldehyde), 152 (15, M’ - CO - 

acetone). 123 (41, 69 (17). 55 (31) and 43 (100, CH3C=O*)1 are ldentloal but differ fran thoie of 

CI. The EI spectrk shows no parent peak (m/z 238) and the m/z 220 (M: - H20) 1s very weak. The 

most prominent peak 1s m/z 43 (CH3CIO+) arising from the side chain methyl ketone funotlon of 1. 

The spectrometrlc and CIl& data led to the structure assignment or 4. The observation that the 

chemical shifts of the aldehyde carbonyl carbon of the 2 isomers differ, whereas the side chain 

ketone and the C-3 methyl carbon9 have ldentloal chemical shifts, suggest that the configuration at 

C-6 and not C-2 posltlon 1s different in both isomers. Since all 3 bulky groups of h are in an 

equatorlal posltlon whereas Sb has a proplonaldehyde group occupying an axial posltlon, the major 

1scQer was assigned struoture 4a. (2S, 3R, 6S)-2-(3-oxobutyl)‘-3_methyl-6-[(R)2-propana.l]- 

cyclohexanone, and the minor lsamer, 4b, (2.5. 3f1, 6R)-2-(3-oxobutyl)-3-ne~hyl-6-C(R)2-propanall- 

cyclohexanone. 

A mechanism that may account for the fomtlon of 3, 4a and hb 1s shown in Scheme I. It 

involves either an ionic (pathway A) or a free radical (pathway B) pathway or both. Thls 1s 

consistent with the observation that the product ratio of 3 to 4 1s temperature dependent. Small 

soale pyrolysis in a NMR tube at 160 OC for 10 minutes give an equal signal intensity to peaks wlth 

resonances at 9.74 (aldehyde proton of 4) and 5.69 pp (H-11 of 3), whereas heatlng at 190 l C gawa 

a peak ratio of 1:2, in favor of oampound 4 formation. Parallel results were observed under CC/MS 

COndltloN. Whereas -pound 3 1s the major (801) pyrolysis product when a 160 l C injector 

temperature was used, compound 4 (90%) 1s ‘preponderant with less then 31 of 3 when the laector 

temperature was raised to 300 OC. These results suggest that low timperature favors pathway A, 

whereas high temperature favors the free radloal mechanism (pathway 6). Based upon the proposed 

meohanlsm of formation and product dlstrlbutlon, C 1s probably formed first and then undergoes 

partial eplmerlzatlon at C-6 to glve a mixture ol 4s and 4b. 

Several faotors such as tmperature, soale. and length of reaction time appear to erfeot the 

yield of the isolated products, 3 and 4. Higher reaction tmperatures not only’altered the ‘produot 

dlstrlbutlon. but also lowered the total yield of 3 and 4. The lnt&iy Of mldentifled low Rr 

brown tlo spots increased when the reaction was carried out in a 1Ggh scale or when a prolonged 

reaction tlme was used. 
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The proposed CIW fragmentation pattern is shown on Schme II. Dihydroartaalslnin. under 

CWCIFLS (CHI() conditlone, gives predominantly (1 .e., >971) compound 4 whose beee peak is m/z 221. 

This peak is considered to be diagnostic for dlhydroart~lslnin and has been used for selective ion 

GC/l4L3 monitoring of the compound In biological fl~lde.‘~ 
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EKPERIWWCAL SECTION 

All melting points were detemlned on a Thamae-Hoover melting point apparatus and are 
unccrreoted. Infrared speotra of eolid samples were obtalned in KBr disks on a PerklhBlmer Model 
283 epectrophot.ametWi -NNR spectra were run on a JEOL-9OQ speotraaeter using Me4Si ae an lnternal 
standard and CDCl 

d 
88 solvent. Mass spectra were deterrlned on a Nslrag RlMOC speotr~eter 

interfaced to an I COS data system. 

Thermal Dtijceition of Dlhydroart~isinin (2): Dlhydroartamisinln’ (180 mg. 0.63 moles) in 
a romd-botta flask use heated in a silicone oil bath preheated to 190 l C. A vigororu gas 
evolution took place (u soon as the -pound melted. The heating Was etopped after the gae 
evolution oeased (2-3 min). The reaotlon mixture vu allowed to boo1 to roQm taperature and 
separation use oarrled out on a sllloa gel column using 151 EtOAc/CHC13 as elwnt to give two ma.jor 
produots, 3 (50 mg. 301) and 4 (71 mg, 501). 

Compound 3 van reorystallized frca hexane to give colorless leaflets, mp 110 
q p 109-110 l C): CIMS (CH4): m/z 267 04*1); IR (KBr)r 1748 cm” (laotone carbonyl); 
(br s, 3H), 1.20 (d, J - 7.25 Hz, 3H), 1.52 (s, 3H), 3.20 (m. 1H) and 5.69 (e, 1H); 
18.44, 21.90, 23.42, 23.85, 32.63, 33.39, 33.88, 35.23, 42.33, 44.55, 82.31, 99.54, 109.07, an: 
171.64 pp. 

Compound 4 is an oil; IR (neat): 1715 om” (oarbonyl); ‘H NM: 6 1.06 Cm, 6H). 2.13 (a, 3H) 
and 9.74 (8, 1H); CC/MS (leobutane) with a fused qilioa oaplllary column shows two partially 
resolved peaks in a ratio of 2.5 I 1. Both peaks gave identloal CM9 (CH4) spectra: m/z (5 
relative intensity) 239 (6, Wl), 221 (100, M+l - H 0). 210 (18, M - CO), 181 (10, n+l - 
propionaldehyde), 163 (74, H+l - H20 - acetone), 152 62) and 123 (12, M+l - propfonaldehyde - 
acetone 

\3c 
Separation of the two leaners could not ba achieved by TLC in several solvent Sye- 

tsms. N?4R spectrM aleo exhibits two isomers In a ratlo of 2.5:1, estimated t)y the peak height 
of the corresponding carbone of the two isaoers; h (ma.jor): 10.‘96, 20.D0, 20.44, 29.87, 30.25, 
34.42, 40.16, 41.14, 45.25, 51.70, 56.47, 203.63, 208.77 and 211.88 pp; 4b (minor): 10.96. 20.00, 
20.44, 29.43, 29.87, 34.42, 39.30, 41.14, 45.25, 52.40. 56.31, 204.36, 208.77, and 211.05 PP. 

Small Scale Pyrolysis Studies of Dihydroartcmislnln: In two NMR tubea containing 10 mg each of 
dihydroartamisinin were heated secaratelv ln a silicone oil bath oreheated at 160 l C and 190 OC. 
ree~ctively, for 10 min. After ioollng; ‘H N?4R spectra were taken In CDCl The peaks ai 9.74 
(aldehyde proton of 4) and 5.69 pm (H-11 of 3) were integrated and the rat3.o of the integrated 
values uas wed a8 the product ratib of 3 and 4. 

Acknowledgement: The author8 thank Michael Smyth for his exoellent aesistanoe 
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