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AbrtrwCAhiehyieldisesynthesisof2pbenethylghrosindateh.nKmetbodsbouldalsobedinctly 
appkabk to most (if not all) otbu elucosiaolatcs. 

GIuwsioolates (1, R greater than 70 dilferent possi- 
bilities) are important nat~~Uy-occun& thioglucosides 
mainly located in the botaoical family Cruciferae. They 
decompose enzymically, and under some circumstances 
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ooo-eozyoicaIly, to give a variety of products in&ding 
isothiocyanates, thiocya&es, nitriles and epithiocy- 
anoalkanes. It is important to elucidate in detail the 
mechanisms of glucosinolate degradations, but to date 
most work in this area has been carried out oo natural 
systems. It is, however, clearly necessary to carry out io 
additioo auefully controlled in o&u invest&ions 00 
pure, syntbesised glucosirtolates. For this reason we 
synthesised recently for the 6rst time large quantities 
(total Se) of 2-phenethylgl~usinolate (1, R= 
C&CHXI&) for such model system studies; this syn- 
thesis is reported here. 

A number of glucosiaolates have been syntbesised 
previously but ia mil&am amounts purely for strut& 
-tioo studies. Benzy@ucosiaolate (1, R= 

E6H5cH5) wasthe!lrstprepa&byEt&gcrandLun- 
dceo who reacted pheaylacetothiohydroxamic acid with 
ace-tobromoghxose in the key stage of the synthesis.’ 
LaterBeMpreparedtbesamecompomldbutcoll- 
strutted the basic glucosinolate skeleton by the addition 

reaction of phenylacetonitrile oxide with ace&So- 
glucose.‘2 The nitrile oxide was generated from lchloro- 
Zpheoylethanal oxime, and it is the prepamtioo of this 
chloro-oxime, in this instance accomplished by direct 
chlorination of the oxime, which is the critical stage of 
the synthesis. Using this general procedure Bem~ has 
prepared a range of ghxosinolates.2’ However, it is also 
possible to obtain tlx chloro4me from the appropriate 
nitro-compound using the method described by Kom- 
blum and Brown: and allylglucosindate has been syn- 
thesised by Berm and IWuger employing this appn~h.~ 

‘I& synthesis of 2-phenethylglucositnWe (1, R= 
C&CHJZI&)descriibereisbasedoo&segeneral 
methods employing the chloro-oxime as the key inter- 
mediate. Several sign&ant nmu&xtions have been 
devised to render the synthesis more ellIcient and to 
improve some previously low-yielding stages, such that 
the me&xl is now suitable for “large scale” prepara- 
tions. A comparisoo has been made of the two broad 
methods previously adopted for the preparation of the 
chloro-oxime. 
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SchemeldetaiIsthetwogeneralapproachestotbe 
synthesis of lchkWo-3-pheIlylpropallal ox&e (8). 
Scheme 2 gives the prepamtioo of the necessary carbo- 
hydrate moiety and S&me 3 shows the combiuatioo of 
the two components into the basic ghxosinolate skeleton 
and the fInal simple transformations needed to obtain the 
requir4 ghKnsinolate (1). 

Prcpamtion of I-chlorv-~phmylptvpanal oxime (8) 
(S&me 1). The route to the sodium salt of the nitro- 
pa&in (5) is cooventional and was accomplished 
readily. However, cooversioo of 5 to the chkxo-oxime 
(8) proved di!lIcult. A oomber of previously reported 
methods for similar compounds were not very satis- 
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factory.“2 In all instances only low yields of product 
could be obtained. Usually a transient blue colour was 
observed as well as an unpleasant aroma, suggesting the 
temporary presence of a nitroso compound.‘” Sometimes 
the colour persisted and a blue oil was obtained, but 
which could not be made to crystalliz. Eventually the 
chloro-oxime was prepared in reasonable yield using a 
modification of the method of Casnati and Rica.” A low 
temperature (-60”) would seem to be essential for crys- 
tahizauon of the product. 

The alternative route to 8 by direct chlorination of the 
oxime (7) more readily gives much higher yields of a 
muer product. Several mucedures have been reported in 
the ,-;1s17 but generally these gave only low 
yields in this instance. A m&kation of the Casnati and 
Rica method” was much more successful giving an 
excellent yield of a pure mat.etQ with much higher m.p. 
thanthatreportedinthel&ature.Againalowreaction 
temperature (-60”) was necessary and during treatment 
with chlorine a blue colour was observed. ‘Ibe identity of 
the prepared compound was contkmed beyond doubt 
from its mass spectrum and ‘H-NMR spectrum. 

The IR spectnlm of the synthesised Ichloro-3- 
phenylpropanal oxime did not exhibit a band at about 
32tWcm-‘, but an intense absorption was shown at 
11% cm-‘. The former indicates the lack of the oxime 
OH group, and hence the compound must be a dimer 
(17). Detailed studies have shown that most C-nitroso 
compounds do exist predominantly in the dimeric 
form,‘*19 andsuchdimerscanbetiortransbecauseof 
the agpreciable double bond character of the N=N 
bond. Tmnsdia~crs gememIly show high intensity 
bands in their IR spectra in the region 11!JO-13OOcm-’ 
white the ci.r-isomers do not, but have two bands at 
1323-1344 and 1330-142Ocm-‘. Clearly therefore the 
compound synthesised in this work was the tmn.rdimer 
(17). 

The solid dimer is colourless but when dissolved (e.g. 
in chloroform) it immediately gives a bhte sohttion with 
strong absorbance at 320 nm (N=N, n+ n*); the colour 
slowly fades in a few hours to a colourless solution of 
the monomer. This behaviour can be followed by UV 
and ‘H-NMR spectroscopy, and can be ratiomdised as 
shown in Scheme 4. The transient, Mue nitroso com- 
pound 18 is presumably that observed dur& the pre- 
paration of the chloro-oxime. 

It may well be that this behaviour in sohuion is at least 
partly the reason for the preparative ditfkulties 
experienced with this compound. For the chloro-oxime 

to CrystaIlize it is necessary for the monomers formed in 
sohttiondutingthereactiontodimerixe,anditappears 
that this only occurs readily at low temperatures. 
However, in addition the compound is unstable at room 
temperatureandhastobestoredat-#P,sothisthennal 
sensitivity may also partly explain why preparative 
methods not employing low temperatures were not very 
successful. 

Prcpamtion of 2,3,4,6 - t&a - 0 - acetyl - I- mapto 
- B - D - gkopymnose (l3) (Scheme 2). Tetmacetyl- 
bromoghk%e (11) was prepared conventionany. Reac- 
tion with thiourea was easily achieved and is an elegant 
way of introducing a C-S bond into a sugar molecule.” 
Inversion of co&uration occurs at C - 1 from a-D to 
B-D and the bromide ion is retained thus yielding a 
water-soluble thiouronium salt l2.= Generation of the 
thiol W from the salt was not as easy as might be 
expected and a number of recommended pmcedmes 
gave poor yields of products of indifferent purity.“” 
Ultimately a slight modit%ion of previously reported 
methods was found to provide a reasonable yield of a 
product of high purity. 

Fd stages in the synthesis of 2-phenethyl- 
ghuddate (1) (Scheme 3). The addition of thiols to 
nitrile oxides in the presence of base hasbeen demon- 
strated to yield thiohydroximates.~ In this synthesis 
tetmacetyIthio&cose (13) was reacted with 3-phenyl- 
propkmitrile oxide (14) to yield the ghscos&late 
skeleton. The nitrile oxide was generated for reaction in 
sitv by &eating the ‘chloro-oxime (8) with excess base 
(anhydrous trimethylamine). Overall the reaction is very 
high yielding and atfords a product of good purity. 

Preparation of tettaacetyl-2-phenethyb@cosinolate 
(16) from the thiohydroximate (Is) was accomplished by 
reaction with pyrid&sulphur trioxide reagent foIlowed 
by displacement of the pyridine with a potassium salt. 
The commercial reagent was inadequate. The method of 
preparation adopted for tbe complex was based on that 
due to Sisler and Audrieth.~ Under these conditions the 
pmduct16wasreadilyobtainedingocdyieldandhigh 
Purity. 

Removal of the protecting groups from the tetraacetyl 
compound (16) was accompli&d without complications 
to yield 2-phenethylghrcosinolate (1) in overall good 
yield. Cot&nation of structme was provided by spec- 
troscopic properties and by agreement of certain physi- 
cal data with those previously reported for this com- 
pound.’ In addition, its physical properties agree well 
witbthosereportedforthenaturalprodu&”’andfur- 



!~~hcmc 3. Fins) stages in the synthesis of 2-pt~mcthylgd~0sinolate (R = CJfJCHtCH2). 
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scheme 4. Dissociation of lchlor&phslIyiplqMulol oximc in chloroform solution. 

thcm~orc when treated with the appropriate crude thio- 
ghrcoside glucohydrolase (E.C. 3.2.3.1) enzyme prepared 
from Nastrrrtivm ojkinale it yielded expected products 
(2phenethyl isothiocyanate and 3-phenylpropionitrile), 
identical with those obtained in natural systems from the 
naturalmaterial. 

Since the properties of synthesised and natural 2- 
p~~y~s~~te are the same, particularly with 
regard to their behaviour on enxymic position, 
then it can be assumed that the s~~~~rnis~ of the 
synthesised compound is the same as that of tbe natural 
product It has been shown by X-ray crystallography tbat 
natural allylglucosinolate (1, R = CH2 = CH-CHd has the 
onkontiguration (with respect to the ally1 sub&rent 
and the sulphate grouping about the C=N bo~@.~ It is 
reasonable to assume that other glucosinolates have tbe 
same confisuration, as shown in Scheme 3 for the 2- 
phenethylderivative (1). From that Scheme it can be 
seen that the contIguration of the product 1 is determined 

by the conhguration of the thiohydroximate (15) and 
hence by the stereochemistry of the addition reaction 
between nitrile oxide (14) and tetraacetylthioglucose (13). 
Presumably IS must be anti also, although it would have 
been expected that the addition of a thiol to a nitrile 
oxide would produce, by runs-addition, a thiohy- 
d&mate with the syu-con&ration. Sii this is not 
obtained it must be deduced that the reactioa does not 
proceed by this ~~. 

In conclusion, using the synthesis described here it is 
possible to obtain with little diiulty relatively large 
amounts of pure 2-phenethylglucosinolate, and it would 
be very surprising if tbe same procedure was not equally 
etkctive for most other glucosinolates as well. 

-AL 
IR spectra were ncorded on a Pyc-Unksm SP 2C@ instrument; 

UV spectra on a PycLJnkam SPEOOA; ‘H-NW on a Perkin- 
JIlmer R12B operating at 6OMHz; snd mass speara on an AEI 



782 V. GIL and A J. MACLEQD 

MS30 operating at 7OcV. A Rye-U&am 104 with heated f.i.d. 
was uSed for gas chmatograplly. h4imadysca were per- 
formed by the unit at Queen Elizabeth Colkgc. AU m.ps am 
uncormctc!d. 

3-Phenyi-I-nit~tvp&ute 4 
Compound 3 (19Og 0.95 mol), was poured into a Stirred mix- 

turn of NaN& (IlOg, Mmol). urea (54g) and Dh(lso (1.51) 
immersed in a water-bath at room temp. !jti&g was cootiaucd 
for 3hr. The mixture was then poured into ice water (1.5 1) 
layered over with petroleum ether (b*p. 35-3F. 1OOml). The 
aqlmous laytx was extracted with 4 x 100 ml petroleum etlla and 
then the combined exhacts were wasbad with 4x 1OOml water 
and drkd over M&04. solvent was removed on the rotary 
evaporator, and then using a Socm Vii column under 
rcduccd prcasurc 2.5~ (16%) of nitrite ester distilkd fir& b.p. 
80”/6 mm (ht.33 b.p. 56’/1 mm). The requited nitropamffin (4) was 
then collected in 33% yield (52 g), b.p. 128-3D’/4.5 mm (lita b.p. 
123’/4mm); IR (Nujol) 3600.3tW5,2900.1600,1550,1490,1460, 
1440,1380, 1185, 1015,750,700cm-1; ‘H-NMR 6 7.3 (s, 5H), 4.2 
(tr, 2 HI, 2.5 (tr, 2 H). 2.2 (mult., 2 H); mass sfkcttum 16X]), 
147(2), M(3), 117@(J), 1080.104(20). 91(100), 6500). 

compoundi(ias~o.i~ij,~tnatedwithfkI~~ 
NaORt (1oOml. 0.1 mol) and then diluted to a vokmc of 50@ 

wsshsdwith~ether.Thewhitesaltwaspnssaddowninthe 
filter funnci and oattiaRv dried bv sucWna N, through. Urvimt 
was completed ir; ullcyo (12br) i0 yield i7sg (tMj of 5; fR 
(Nujol) 3100,1600,13f@, 1350,1125,1015,950,730,6+50cm~‘. 

solid CG&c&e bath. A ppt dt NaCl form&i which was quicWy 
and kuncdktely ffhcrcd. Passing HCI for a further few mitts 
pveaMuesdnwhichbecamedccpcrincdouramlthenawhite 
ppt deposit& HCl treatment was co&micd for 20 min aad then 
tfresolidMls~~atthepump.ItwaswashedwitharMdry 
etherand~ow~toQyintheBuchnerfuMeltoyieMOSg 
(64%) of of 8 as a white crystalline Solid, m.p. 69-71’ (lit.’ 65-6?; 
IR (NujoI) 1595, MO, 1500, 1495, 1195, lOfl0, 795, 710, 685, 
65Ocm-‘; UV A,, 3#lnm (CHCl,); ‘H-NMR 6 8.6 (s, 1 H), 7.2 
(s. 5 H). 2.8 (s, 4 H); mass StxXttum 18yl8). 183(59). laryl3). 
16607), 152(40), 147(12), 108(9), 104(S), 91(100), 6502). 5JO. 

Mctltal B. The oaimc 7 (2@ & 0.134 mol). was dksolved in dry 
ether (25Oml).and cooled to -60” in a solid CG&c&mc bath. 
DryChwaspawsadforl5minduriPewhichtbesoln~eblue 
audasolWwasdcpositcd.Themixturcwasallowedtowarmto 
rcomtcmn.andmticWytlRercd.Thetuoduct8wasth~oWained 
as a WI& crystalline solid in 8395 ykld 20.5g, m.p. 71-P (lit.’ 
656”): m Ghtion 1595. 1580. 1500. 1490. 1195. 1000. 905. 
795&u-‘; JR (RR); disc) 790, ti. 695; 670,470*469,43Ocm-‘f 
‘H-NMR and mass spectrum as above. (Foundz C, 59.4, H, 5.6; 
N, 7.6. Calc. for C&Cl NO: C. 58.9; H, 35; N, 7.6%). 

2 - (2,3,4,6 - T&u - 0 - 5ce3yl - fl- D - ~~~s~~ - 2 - 
t&opsaidouma hytitvbtvmidr 12 

A~0f11(58&0.14ma1)pndthiwna(12&0.16mol)ia 
dry acetone (6oml) was rctluxed for ISmin. crysmukatkn of 
productbcgandurkghcattngandwascompkmdbycoolingin 
ice.ThecrytM9wmtMercdandwashedwithalittkacetoncto 
give 12 in 72% yichf (49g); ap. 18tP (lit-y 1ssD); fRQJujo1) 3600, 
1760,1660,1350, l&Jo. 92O,g15,7OOcm-‘. 

and recrystallized from pctrokum ether (hp. 40-6O)/iiropanol 
to give 12lg (42%) of 13. m.p. 94-P (lit. m.p. 75op 1lP); 
MJujo0 3400, 2600, 1750, 1390, 1240, 1050, 9OOcm-‘; 
]alo’J+0Y(c0.2fnCHCl&lit26[a]n’J+0.5=fNCHCl,).(F~ 
C, 46.3; H, 5.5. Cak. for C,&O&: C, 46.1; H, 55%). 

S-(s3,4~-Tdm-O-antpl-8-l>-ei~~spl)-3- 
~~~~~~~e I!! 

Compound l3 (!?g, 0.016 mol), and 8 (4g, 0.Z mol), were 
dissolved in dry ether (59Oml). T~#y~ (4.8g) in dry 
ether (imml) was added to the gently stirred blue soln The 
cokur was imnmdktcly dischatgcd and a copious ppt of tri- 
mcthykminc hydtv&k& deposited. indkating the e 
oflI.Afta3omiaatroomtempthemixturewasshaLenwitb~. 
coWcaNH~,(600ml).Abwt400mlofetherwasdecantod. 
rcpkccd by RtGAc (8OOml) and the mixture shahen vigorously 
until all suspended solids dissolved. The soln was combined with 
the decanted ether extract and, after drying (MgSo,), the 
solvents were rcuu~vcd u&r reduced pressure kaving a co4our- 
kss cry&Wnc residue. fin from RtGH gave 15 in 
83% vicld (9.2tz). q .u. 1980 (ht.7 m.u. 1989: IRtNuioR 3300. 
1740, i7io. im3fa~ 1040, 9500m-1;~UV A: 238nm(CHc1& 
218nm (RtGH); (a]om-11.1” (c 0.2 in CHC&) (lit’ [a]&11” in 
aq. RtGH). (Found: C. 54.3; H, 5.9, N, 276. Cak. for 
C&&O,& C, 54.k H, 5.7; N, 2.75%). 

U.46 - Term - 0 - act&+ - 2 - ~~h~~s~~e 16 
compound IS (3.5 g, 0.00685 mol), was dissolved in dry pyri- 

dine (3tM) and freshly prcpamd pyrid&+ulphur trio* coin- 
ulex CL2n. 0.014mo1) was added. The mixtlun was stirred for 

100 ml water). The -us soln was freczcdrkd and the 
solid Moduct extracted witb 3x1oml tmilina 95% aotmous 
RtGH;The eatracts were &red hot, comb&d-&i stored at 00. 
A solid deposited which wasl recrystalhzed from 95% EtoH to 
give l6 as fine white crystals in 70% (3.Og) yield, q .p. 19&2ooo 
(fit? m;p K&200”); IR(Nujo1) 1740, 1580, 1240, 10X$ 9CW, 
7Ktcm-: UV A, 217mn @to; mass ~pecbum 169(12), 
127(18), 109G4), 97(78), 91(10(& sol@. 450, 4&O)* 4yss). 
(Foundz C. 439; H, 4.4, N, 2.2. Cak. for Ca&fCNO&: C, 
433; H, 4.4 N, 2.2%). 

Compound 16 (4.5g, 0.00715 mol), was dissolved in 15Oml 
anhyd MeGH prcviotudy saturated with ammonia [Suitable 
anhyd McGH was prepared by beating Analar McGH with 
mokcukr sieve 4A for about 1S hr. dcca&g and standing over 
calcium hydride for about 24 hr; &ring and distftli@. The soln . . 

mamtamd at room tcmp for about #)hr and then 
E&ratcd*raJucedfnessuretoarcsWuSloil.TIkoilwas 
dissolved in the minimum hot McGH (in which 1 is solubk) and 
absEKlH(inw~hlisinsoluble)was~~untilthebotsdn 
bw!ameturbW.TlksolnwaSthennhcredandthe6hratcdilutcd 
5-foW with abs RtGH. On storage at 6’ a solid deposited which 
~~S~~~~~~H~~~~C~ 
give 1 as a &ghtJy off-white crystalline solid in 67% @4ef yield, 
m.p. 171’ (tit.’ m.p. 170-lfi); ~a~) 34&1660,1610,1505, 
1440, lna, loss, g95, 80& 755, 7tWcm-‘; w A- 213nm 
(228 run-sh) (water); ‘H-NhfR (D&) 6 7.3 (s, 5 H). 4.6 (s), 3.7 (s, 
2H). 3.4 (s, 3H), 3.0 (s. 4H); mass spectrum 33). 181(14), 
16501). 13lC22). WX39), 91(10), 77(14), 730, 6X11), 55(16), 
44(32), 43(23); [a]nm-20.7@ (c 1.0 in HP) (lit’ [ah+230 in 
HP). (poutxb C, 36.1; H. 4.9; N, 2.7. Cak. for Cr,H&NG&. 
2Hp: C. 36.2; H, 4.8; N. 28%). 

Ant- ofsysthdd 2-phendhylgfwsti~ 
An active extract of tliodum& glucohydrolase (7X!. 3.2.3.1) 
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tiquidweseobtahedandrejected.Totberemainingslurrywas 
added cold water (2CHlml) and the mixture was stirred for a 
further 2 hr. centrifugation as before provided #)o ml of extract. 
Thiswss~withcoldacetone(1ooml)andtheresultantppt 
collected by ccntrifugation and rejected. To tbc supernatant was 
added more acetoae (400 ml) and centrifugation atTorded a white 
starchy mass which was suspended in water (75 ml) and dialysed 
against distilled water for @hr. Lyophiniin of the retentate 
gave a slightly off-white powder in 0.58 yield which pos- 
sessed strong enzyme activity. 

A mixture of tbc syntbesised 2+enetbyl@cosinolate (0.1 ml 
of a soln in water containing 3.5 mg/ml) ami 0.1 M L-ascorbic acid 
(0.21ml)wasfnatedwithO.lmlofasuspensionofthccnzyme 
pnparationinwater(25mein15ml).Afters~forl~at 
~mtemp,l~lofthe~tnrtwasinjecteddirtctlyintothe~ 
ctitograph. Two major peaks were obtained which by rela- 
tive rrtention time measurements and by combined gas chroma- 
tography-mass s~metry were shown umclusively to be s 
phenylpropioaitrile and 2-phenetbyl isothiocyanate. A blaok 
withoutaddedenzymegavenopeaksontbegaschromatogram. 
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