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ABSTRACT 

The crystal structure of merosinigrin [(l’S,Z’S)-1,2-S,O-(1-cyano-2-methyl- 
1,2-ethanediyl)-l-thio-P_D-glucopyranose]. the long-known rearrangement prod- 
uct of allylglucosinolate, was determined by X-ray diffraction at 90 K. thereby re- 
vealing the geometry of an (np,ap)-monothioacetal group. The crystals of mero- 
sinigrin, C10H15N05S, are triclinic, Pl, with ccl1 dimensions a = 5.349(2), b = 
6.664(3), c = 9.266(4) A, u = 85.91(3), /3 = 76.35(3). y = 70.X3(3)“, Z = 1. The 
structure was solved by direct methods and refined to R = 0.035 for 1789 independ- 
ent reflections. For thioglycosides and other monothioacetals. the lengths of the 
central C-S and C-O bonds depend on the torsion angles about these bonds, consist- 
ent with a simple electron-delocalisation model. The central S-C-O valence angle 
m monothioacetals also depends in a regular way on the torsion angles. Energy op- 
timisation of methoxy(mcthylthio)methane, a fhinglycoside model, by semiempiri- 
cal molecular orbital calculations (MNDO) p d re ro uced trends observed in the ex- 
perimental data. 

INTRODUCTION 

Mcrosinigrin’.’ (1) is formed by rearrangement of allylglucosinolate (2), the 
thioglucoside of black mustard seeds3 (Brassica nigra Koch). upon treatment with 
methoxidc. Although merosinigrin was first prepared’ in 1914. its structure was 
proposed” only recently on the basis of spectroscopic evidence. WC now report the 
structure of 1 as determined by single-crystal X-ray diffractometry, which permits, 

“To whom correspondence should be addressed. 
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RESULTS 

Merosinigrin (1) was obtained by a modification of the original’ procedure. 
and its identity was confirmed on the hasis of analytical and spectroscopic data for 
1’ and its triacctatc’. Suitable crystals wcrc obtained from hul ethyl xet3tc. W~IS- 
senberg ;tnd precession photographs. showing no cvidencr of systemalic absencr\. 
indicated triclinic symmetry and provided prcliminar~ cell dirnen\lons. A pyrami- 
dal crystal (length 0.35 mm. base I)._ ?1 x 0.14 mm), mounted on ;t gl>c>s needle. \Y;,s 
used for deter-mination of linal cell dimensiona and data collection ;II -YO K (con- 
stant to within I”) on ;( Picker FACS-I diffractomctcl- quipped with a praphlte 
m(xwchromator (MoKcu radiation) and a modiCed Nonius cryi,g!cn~c device (III- 
tropcn dream). The data wcrr rncasurcd using a IWI-mal ~.+3f/ swn mode (2”.‘min 

in 7ti) and an asymmetric scan (from Z/9,, 1.1 ~ o.?3lt;lnH to 1N,, + 1 h + 
O.-lC!tanH). with a static bxkgrountl counting-time of 20 > WI r;lr,h slrlti of the re- 
flcction. Owing to a failure of the tcmperaturc control. only ISOY out of 1955 pobsi- 
blc reflections (0 < 30”) were measured. 1703 having I > Ar( I). According lo 5 I”- 
tensit? standards. thcl-c was no crystal decay. but some per-icxiic Iluctuations 
(tS%) due to instrumental Instability were observed: no ;tttcmpt was made to cor- 
rect for thcsc fluctuations. Thr: datu wcx co~r-cot& for Lorent ,~nd pt)l:lr-isation cf- 
fects. bul ahsorptlon (g = 2.77 cm ‘) was ignored. 

The structure was sc~lved by using MUL’TAN-77’. Succesi\r r4ncments 
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c-4 
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C-l’ 
C-2’ 
C-l’1 
C-2’1 

0 5597(6) 
0.6887(6) 
0.4769(S) 
0.3491(6) 
0.2494(6) 
0.1502(61 

0.8 

O.Y086(6j 
I .0046(6) 
0.6853(6) 
1.1151(71 

0.784(1(41 

0.5962(4) 
0.3651(4) 
o.zYzn(4) 
0.4447(4) 
0.6748(4) 
0.8307(4> 
0.4x52(4) 

0.2671(4) 
n.5025(4) 

0.7 ’ 
0.0881(4) 

0.2287(31 

0.5276(3) 
O.S690(3) 
0.67X3(3) 
0.8112(3) 

0.4 

0.7593(3) 
0.8878(3) 
n.2639(3) 
0.3359(3) 
0.1902(3) 

0.4428(21 

0.2224(3~ 

0.0133(7) 
0.0124(7) 
0.0113(7) 
0.0132(7) 

o.oix4(2j 

0.012x(7) 
0.0152(S) 
0.0157(X) 
0.0159(X) 
0.0167(8) 
0.0217(9) 

0.0158(61 
o-3 n.5971i4j n.o850{3j n.7322(2j O.O148{6j 
o-4 0.1232(S) 0.4044(3) n.9067(2) 0.0217(7) 
O-5 13.4676(4) l1.7271(3) 0.6569(2) 0.0139(6) 
O-6 0.0386(5) l.O432(3) 0.8432(2) 0.0176(6) 
N 0.5048(6~ 0.5191(4) 0.1410(3) 
H-l 
H-2 
H-3 
H-4 
H-5 
H-6A 
H-6B 
H-l’ 
H-2’ 
H-2’ 1 A 
II-Z’18 0.979(8j 0.077&j 0.175(4) 
H-2’1C 1.201(8) -0.045(6) 0.266(4) 
H-O-3 0.54YW 0.004(6) 0.710(4) 

0.403(d) 
0.862(8) 
0.336(8) 
0.497(S) 
o.ln2(8) 
0.302(8) 
0.016(S) 
1.041(8) 
1.158(X) 
1.242(8) 

0.609(6) 
0.357f61 
0.292(6j 
0.426(6) 
0.690(6) 
0.X31(6) 
0.786(5) 
0.507(S) 
0.X4(6) 
0.111(5) 

0.483(4) 
0.61X41 
0.629(4j 
0.X64(4) 
0.708(4) 
0.930(4) 
0.966(4) 
o.i93(4j 
0.391(4) 
0.142(4) 

H-0-4 “.lZOi8j 0.293i6j 0.89ni4j 
H-O-6 -0.086(S) 1.054(6) 0.806(4) 

“Space group Pl. n = 5.349(2), h = 6,6&t(3). c = 9.266(4) .&. a = R5.91(3)“, fl = 76.35(3)“, y = 
70.83(3)“, Z = 11 DC,,, = 1.431 g/cm3. U,, = l/3 trace of diagonaliscd U-matrix; for hydrogen atoms, 

U,,, = 0.02 .&‘. Estimated standard deviations are given in parentheses. 

Pertinent crystal data and selected molecular parameters are collected in Ta- 
bles I and II, and an ORTEPs drawing of the merosinigrin molecule is shown in 
Fig. l*. The triclinic crystals can be regarded as composed of sheets parallel to the 
ab plane, the packing within the sheets being apparently dominated by hydrogen 
bonds: O-6-H . . . O-3 1.92 p\, O-4-H . O-6 1.95 A. and O-3-H . . O-5 2.15 

‘Tnc table of anisotropic thermal parameters of non-hydrogen atoms and 8 list of structure factors ale 
drposlted with, and may be obtamed from, Elsevier Scientdic Publishing Company, BBA Data Deposl- 
tion. P.0 Box 1527, Amsterdam, The Netherlands. Reference should be made to No. BBAiDDI2641 
Carhohydr. Rer., 123 (19X3) l-11 
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Pig. 2. Geometries of the monothioacctal gwup exemplified by conformerr of methoxy(mcthyl- 
thm)methane. 

(wm) 4.1 2.9 180” 180h 105.7 106.0 119.7 1.732 1.759 1.390 1.399 
(np.sc) 2.3 2.3 1Soh 7K 106.6 110.6 121.S 1.731 1.770 1.3&l 1.401 
CWZP) 1.7 2.2 61 ISOh 109.6 110.5 120.0 1.733 1.750 1392 1.398 
(rc,sc) 0.W 0.8 69 78 109.2 114.4 121.4 1.732 1.761 1.3X6 1.400 

“See Fig. 2. ‘Fixed values. ‘A@ = -56.4 kcallmol 

The molecular structures of four conformers of methoxy(methyl- 
thio)methane (Fig. 2), the simplest monothioacetal, were optimised by the MNDO 
method’5. All of the molecular parameters were optimised, except for the anti- 
periplanar (a~) torsion-angles which were fixed at 180”. The results are collected in 
Table III. 

DISCUSSION 

Owing to the presence of the rigid rruns-decalin framework, the 
monothioacetal group in merosinigrin is forced to adopt the (ap,np) geometry (C- 
S-C-O and S-C-O-C torsion-angles close to BOO; I$. Figs. 1 and 2). In conforma- 
tionally mobile monothioacetals, on the other hand, the C-S-C-O and S-C-O-C 
fragments preferentially adopt the gauche (synclinal, SC) geometry (torsion-angles 
-607, as shown by X-ray data”,‘GPZ8 and by solution studies’“-‘“. This preference 
is known in many 1,3-diheteroatomic systems and, as the anomeric and exo- 
anomeric effects, ib of special imporlance in the chemistry and biochemistry of car- 
bohydrates3’,-i4. 

The anomeric effect can be generally expressed as a sum of electron delocali- 
sation and electrostatic effectsu4-42. The former effect is often stated as a back- 
donation of non-bonding heteroatom electrons into a periplanar. antibonding orbital 
of the adjacent polar bond (n ---) CT * interaction), which can only occur along a 
gauche-oriented bond”. The donation of electrons causes contraction of the 
gauche bond and elongation of the accepting bond. An early rccognised” manifes- 
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tation of this phenomenon is shortening of equatorial, ah compared to axial, glyco- 
sidic bonds in pyranoeidcsJ’- “. The geometrical cnnsequcnccs of the anomeric cf- 

feet have been extensively studied in acetals and u-haloethers, relatively less altrn- 
tion being paid to sulfur-containing compounds’J.‘i. 

Tho relative energies of conformers of meth~,xy(methylthio)methanr (Fig 
2). calculated by the MNDO method. arc shown in Table 111. The relative stability 
of the conformers is analogous to that tar dimethoxymzthane ‘7 ” I’, for which. 
according to the MNDO method, the (.w,sc) conformation is pretcr-red to the 
(~~,sc) and (ap.0~) conformations by 1.9 and 4.4 kcalimol, respectively*. The cor- 
responding figur-es-‘” lor his(rnzthylthio)mzthanc: arr 1.2 and 7.6 I\cal/mol”. Thuh. 
the replacement of oxygen in acctals with sulfur results. in general. in a decrease 
of the gazrche preference (a decrease of the anomeric effect)“’ ii.‘1 “.“‘- “. but it 
is noteworthy that. according to the MNDO calculations. there is a larger energy 

gap (2.3 kcal/mol) between (czp,sc) and (SL..SC) conformations of mcihoxy(methyl- 
thio)me.thane (Table III) than between (mp.sc) and (sc..sc) conformations of d- 
methoxymcthane”. Similar results were recently obtained by ah i~irro calculations 
with mcrcaptomethanol at the STO-3ti lcvcl~‘. 

Although the MNDO calculations underestimated seriously the carbon-sul- 

fur bond lengths5’. the data (Tahls III) show the excepted coupling of hond lengths 
with torsion angles. The (np,ap) monothioacctal geometry will be regarded as 
“normal” in the sense that iI ib unalierrd by the n + wi back-dnnatior effects 
br-ought in when a ~u~rc/rr component is present. l;smg the (u~‘,a/>) 
methoxy(methylthio)methanr geometry as a reference. It is to he expected that the 
n,, - &:, interaction in the (ap..sc) and the ns - ufO interaction in the (c~,ry>) 

mdnbthioacctals (~1: Fig. 2) will lead to longer S-CO bonds and shorter SC-0 
bonds In the former case. and shorter S-CO bonds and longer SC-O bonds in the 

latter case. This is indeed the result of the MNDO cnlculatmns (Table 111). the 

changes in the S-CO bond lengths being more pronounced than the changes in the 
SC-0 bond lengths. The lengthening of the SC-O bond in the (.Yc,u/)) conformatmn 

IS especially small. Tn the ( sc,.~.) conformation, there are two possible II -- o* in- 

teractions whose effects on bond lengths are in opposition. and the effect of the n<, 
---f 476s interaction appears lo be slightly dominant (Table III)“. ‘The \alues of the 
central S-C-O angle also cxhihit regular changes. increasing steadily hy .-JO for 
each gtrr&w component. as also observed in uh inirio results for di- 

methoxymcthnnc” “. The effect of conform;~tion on the outer bond lengths and 

Lrnglr.~ is marginal. as it is in acetals”. 

In order to cornpax the above results with experimrntal data. the available 

structural data for various monothioacetals’ ‘,‘h-2X have been collected in ‘rable 
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TABLE IV 

Contvound 

I (np,ap) 
c fqJ,SC) 
J 

I 

x 
h 

,nwan Fc.apy 
I 

“2 

” 

r 

P 

,mrm sc.scy 

c-s-c-u s_c‘_*_‘ 

173 173 IO6 
-178 - 69 109 

75 1x0 10x 
6h -173 108 

-89 173 109 
m-75 177 I”9 
-Y9 I71 109 

95 174 110 
X3(13) 175(3) 109(l) 

-68 -65 111 

-53 -&I 112 
92 76 113 
74 71 113 

-68 -76 113 
6R 64 114 

-S6 -73 114 

--57 -70 11s 

67(13) 72(G) 113(l) 

S-CO 

l.Sll(3) 

1.83(Z) 
I 796(3) 

I SO(I) 
1.809(h) 

I .703(3) 

1806(l) 
1 77( I) 
1.X01(81* 

1 .X26(2j 

I .830(4) 
1.X05(2) 
1.X21(5) 

1.839(6) 
1 X24(2) 

I .79(2) 

i.xzilj 
1 .R24(1 I)* 

SC-O 

I .423(3) 

1.40(2) 

1.435(4) 

1.44(l) 
1411(X) 

1.421(4) 

1.423)(2) 
1.43(Z) 
1.424(10)* 

1.42S(2) 

I .436(4) 
1.423(2) 

1.405(6) 

1.424(S) 
1.433(2) 

1.44(Z) 

1.41(2) 
1 424(11)’ 

“Estimated standard deviations below 1”. “Estimated standard deviations in parentheses. ‘Methyl 5- 
thlo-P-D-rihopyran04lde. from ref. 16 dMethyl I-thio-rr-1,.rlhopyrannslde. from ref. 17. ‘Mcfhyl l-thio- 

P-D-xylopyranoside. averaged data of two molecules present in the asymmetnc unit, from ref. 1X. 

iPotassium allylglucosinolatc munohydrate. from ref. 19 (see also ref. 13). “2.Pyridyl I-thlo-fi-D-gluco- 
pyranoside monohydrate. from ref. 2(1. hMethyl I~thlo-a-1,.galactopyr;lnoslde. from ref 21. ‘I-Oxa- 

3.5.7.9.tetrathiacyclodecane. from ref. 22. ‘llnweighted ;rverage values wth standard deviations in 

parenthoes. ‘Omitting less-accurate data (compounds P. i. and 7). ‘I-Methu\y-3.(4.methuxyphmyl)-5. 

phcnyl-Z-thiabicyclu[4.4.~]drc-3-ene. from rcS. 23. “‘J’.h’-Dihydrosplru{3H-2-bcn2othlopyran- 
3.2’(3’H)-[2Jhenzothi~rpyranolJ.3-h]pyran)-4(1H)-one, from ref. 24 “7,llh.Uihydro-2.methoxy-I Ih- 

(I-methylethyl)-3,4-diphenyl~2~~,~~I-~l .3)thia7lnol2.3-o]isoquinolinr. from ref. 25. “Methyl S-thio-a-t- 

ribopyranoside. from ref. 16. Y[(2-Pyndylth~o)meth~xy]methanol N-oxide. from ret. 26. ‘Heptyl l-thio- 
a-D-mennopyranoside. from ret. 27. ‘Ethyl 2,3:J.S-di-0-(l-methylrthylidene)-l-th~o-~-n-glucosep- 

tanocide. lrom ref. 2X. 

IV. Only pyranosides and other monothioacetals considered unconstrained are in- 
cluded, furanosides and monothioacetals in which both heteroatoms are placed in 
the same small or medium-size ring being excluded. In Table IV, only data for the 
S-C-O tragment of the rnonothiuacetal syslents are included. The I-emaining 

parameters, i.e., C-S-C and C-O-C bond angles and lengths of terminal bonds, are 
omitted because they are expected to be affected primarily by the nature of termi- 
nal substituents rather than by the conformational changes (cf. Table III). 

The monothioacetals collected in Table IV fall distinctly into four classes cor- 
responding to the four conformers of methoxy(methylthio)methane shown in Fig. 
2. Using the bond lengths of the S-C-O system in merosinigrin (1) as a reference, 
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(‘l‘able TII). the S-C-O valence-angles of monothioacetals rollr~rd in ‘Table IV 
show regular variations according to the number of grrrrcirc component\ m the C-S- 

C-O-C system. However. since the X-ray data show that in l,Z-0-t I .2-rthanedivlb- 
B-n-glucopyrano~c”‘, ’ ’ , a counterpart of I, the O-C-O onplc i\ Ggnificnnlly Inrgcr- 

than in acyclic (up.np) acetais5”. there may he a ring effect on the S-C‘-0 angle In 
mrrosinigrin ;is well. 

Thus, It is concluded that there i\ a coupling hetwccn bond lengths. bond 
angles, and torsion angles In monothioacetals similar to that oh&e]-veil m acetals. 
Most of the trends anticipated by the MNDO calculations can he observed in ex- 
perimcntal data from Ihc crysial phase. Finally. it should he note:ii th;i! ;I survrl uf 
X-ray datal- h7 tar dithioacetats shows that, drspitc the wcakrned anorncric effect. 
the (up.rq) dithioacetal geometry’” is quite exceptirm:d. E’urthermorc. in the cur-- 
renrly availnhle data. there appears to be no systematic coupllnp brrwtzcn C‘S-C 
bond lengths and C-S-C-S torsion angles similar to thut discussed al~rvc. l‘hc S-C-S 
angle in dithioacet:+l<. however. clearly clepcnds’” n7 on conformrilon in a m:mner 
similar to that for acetals and monothioacetals. crnph;~si~ing th;rt the I\LO zffccth 
(on bonds and on angle) are different in origin. 

EXPERIMENTAI 

.Sytl/hrsi.> of mrrosinigrin [(z’s.x,-/.2~s.o-( l-l~lrn,,--‘~,rrrt~~~l-f,~- 
eihnr~ccii~I)-l-tl~ir~-~-~~-glrrco~~~~rcc~~o,c (111. - PotasGurn .Ill~lpluc,,~innl:~t~~ 
monohydrate (sinigrin monohydratc. obtained from Aldrich. I g) was treated 
briefly with 1 equiv of stadium methoxide in boiling methanol’. the solution wax 
neutral&d with Amberlile IR-120 (1-l’) resin. and meroslniprin (00 mg, 145) was 
isolated by column chrornarugl-aphy on silica gel (0.063-0.2 mm) with ethyl ace- 
tate methanol (IO: I ), m.p’. 195-197’ (COTI-.. from ethvl acct;~tc): [a];; + IhO’ (c 
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0.2, water); lit.’ m.p. 192” (uncorr.), [cr]g +149.2” (c 5.4, water); v:f; 3490 (s), 
3350 (s), and 2245 (m) cm -I ‘H-N.m.r. (270 MHz, CD,OD): fi 1.39 (CH,), 3.3- 
3.5 (H-2,3,4.5), 3.66 (H-6A). 3.86 (H-((B). 3.95 (H-Z’), 4.08 (H-l’), and 4.59 (H- 
1);J7,28.8,J~,~A4.9,IS,hR1.8..Jh.4.hD12.3,J,~,2~2.1.andJZ~.CH16.3N~. 

Merostntgrin triacetate. ohtained in practically quantitative yield by conven- 
tional treatment of 1 with acetic anhydride-~yridi~e, had m.p. 179-180” (corr., 
from ether-pentane); tit.’ m.p. 177” (uncorr.); VIE 2235 (m), 1755 (sf, and 1745 
(s) cm-l. ‘H-N.m.r. (270 MHz, CDCI?): 6 1.41 (CH,), 2.04, 2.06, 2.09 (3 A&), 
3.57 (H-l’), 3.64 (H-2), 3.85 (H-S), 3.93 (H-2’). 4.12 (H-6A), 4.24 (H-6B), 4.71 
(H-l), 5.08 (H-4, distinguished from H-3 by selective decoupling of H-5). and 5.20 
(H-3); J,,, 9.O,J2.3 9.2,& 9.5, Id.> 9.9,.J5.h,, 2.2, -Jz,,a 5.0, I,,,,,, 12.4, J,,,z, 2.1, 
and_J2.,CH, 6.4 Hz. 

We thank Dr. M. G. Elttinger (University of Copenhagen) for suggesting 
this crystal structure determination, Professor P. H. Law and Dr. 1. K. Nielsen 
{Technical University, Aachen) for gifts of sinigrin and crude metosinigrin, Dr. K. 
Schaumburg (University of Copenhagen) for the high-field proton spectra, and the 
Danish Natural Science Research Council for financial support (to F.S.J.). 
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