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Ab&act-The direcIron of attack of tclracnic .tnd dicmc propellanc~ conraming Ihwzrher. \ulforrdc and wlfonc 
rings. hy ~hc tttk dlenophllc. ha5 hcen dclcrmmcd In the dienic wrle\ aII;lck wcurs onl! from atwe m all the 
wb~lrales tnn In the tetracntc xrw rhcrc IS cxclu\i\c allack from helou m the thwcrhcr. maml) ;ruack from .~tww 
in the sulfonc and a complex array of product\ I\ ohlamed from the \ulforldc 

An important scl of subslralcr within the framework of 

our studies on the factors which influence the direction of 
attack of dienic and tctraenic propcllanes would be I? - 
thia[4.4.3]propclla - 2.4.79 - tctraene 6 and the sulfonc I 
and sulfoxide 10 derived therefrom. II was of interest IO 

learn whether the thio-ethcr 6 would behave analogously 

6 b I 

lo the corresponding cthcr which is first atfacked from 

bclow. then with a second mole of dienophile from above. 
affording the unsymmetrical hic-adduct 8.” WC would not 
expect a pri~rri the sulfone I and culfoxidc 10 IO behave 

differently from their parent 6. Comparison of such 

derivatives with their parent sulfide insofar as their I’E 
spectra are concerned would not beget grcal expectations 
of dissrmilar behavior.’ EH calculatrons also predrct 

similar rather than different behavior of these com- 

pounds.’ One would not expect the sulfone IO direct the 

dicnophilc towards attack from “above”. i.e. swr to ~hc 

sulfonc in the same way as imidc carbonyl groups 
evidently direct it to attack from their .rwr side.“’ 
Nevertheless since sulfur is quite different than oxygen in 
its possibilities for hybridization. it was of interest IO 

study this group of compounds. 
In the event, unexpected results. summarired in 

Scheme 1. were obtained. 

‘Ihc sulfone I affords with one cquivalcnt of dicnophilc 

IWO mono-adducts 2 (‘Xl%) and 3 (5%). ‘That 2 has the 
configuration shown was proved by the fact that it gives 

with a second equivalent of dicnophile the symmetrical 

his-adduct 4 which exhibits in its KYR spectrum a singlet 
for the four (‘H:SO: protons. But cvcn more important. 
we have repeated the structural proof employed in the 

case of the analogous hi.r-adducf of the tetraenic 

methylimidc. ” and converted 4. by irradiation. into the 

cage compound 5. The yield was somewhat lower than in 
the case cited because some SO: loss accompanies the 
12 t 2jphotoaddition. So analogou\ competitive reaction 

can occur in 0~ cast of the mcthylimide. 
The sulfide 6 affords with one equivalent of dienophile 

the moncradduct 7. That the configuration of 7 is corrcc~ 

as shown stems from its oxidatron IO 3. the only pcrssihlc 
monosulfonc isomeric with 2. And just as the second s~cp 

of the D&-Alder addition for 2 leads IO ;Ittack from 
above IO give 4. 7 also is attacked from ahove IO yield the 

unsymmetrical his-adduct 8 which exhibits an AH quartet 
for its four (‘US protons. The same multiplicrty is found 

for the four C&SO: protons in its oxidation product 9. the 
C, isomer of the more symmetrical C:. product 4. Thus. it 

appears throughout Scheme I, that here ICW as found 

earlicr.‘4-’ ‘ the boat-shaped underpinnings of the 

molecule hinder approach of the second mole of 
dicnophile from “below” as compared IO the stcric 
hindrance exerted by thr CH:S or Cli:SO: hydrogens. 
This experience will be observed once again m our 
discussion of the products obtained from the \ulfoxidc IO. 
Only bridged [IO] annulenes” and one propcllatctraene”’ 
provide exceptions IO this rule 

Although we have proved unequivocally the structures 
of the above compounds WC are prcscntly at a loss IO 

explain wherefore the sulfonc I behaves m a manner 
diametrically opposed IO the behavior of OK sulhdc 6 and 
in so remimscent a manner IO ~hc corresponding 
mcthylimidc in which we have invoked secondary orbital 
effccls lo explain exclusive attack from above lo give the 
analog of 2.” In the latter cast we had support also from 
additional mcmbcrs of the mcthylimidc family, a dicnc 
and Iwo trienes. all of which gave a DieIs-Alder adduct of 
lhc same cc~nfiguratic~n.‘c Later WC found that the 
unsuhstitutcd (on nitrogen) tctraenic imide and its 
tctraenic anhydride precursor arc also ;tIIilckcd CX- 
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Scheme I 

elusively from above.” EH calculations are in agreement 

with the existence of secondary orbital effects involving 
the n* orbital, (LUMO) of the CO groups of these 

substrates and the n combination of the lone pair orbitals 

(HOMO) of the doubly-bonded N atoms of the dieno- 
phile.’ But as mentioned above we cannot invoke a similar 

explanation for the sulfone or sulfoxidc. 
Yet. experiment may be continued even whilst cx- 

planation. alack. is lacking. Thus we very much hoped 

that the sulfoxide might behave “logically” within our 

unexplained framework. Scheme ? summarizes the 
behavior which might be simphstically anticipated by 
drawing an analogy from the behavior of I and 6. 

II must tirst be noted that the NMR spectrum of 10 
indicates its unsymmetrical nature. It exhihits an AR 
quartet for the four CH:SO protons. II is well known that 

3543 kcallmolc of energy are required IO racemire 
optically active sulfoxidcs.’ In the case of 10 of 
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meso-type. no optical activity is porsiblc hut inversion of follows: The diene ring on the right has an oxygen 
the sulfoxidc is. in principle, possible. However, heating somewhere above it. It is, to an approximation, similar to 
in an NMR lube at temperatures up to 200” for I hr did not each of the diene rings in I. The diene ring on the left, 
cause the said AHq to collapse to a singlet. (Nor was however. is. IO an approximation. similar to either of the 
analogous collapse noted in any other of the sulfoxidcs dicnc rings of the sulhdc 6. How nice it would be if the 
herein. under rhe same conditions). ring on the right were to be attacked from above. as in the 

Therefore let us look at the symbol of 10 in Scheme ! as sulfonc. IO give Ilr and the ring on the left from helow. as 
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in the sulfide. to give 16. Of course, this need not occur on 

a I : I basis. We had noted that kinetically. the Diels-Alder 
reactions of the sulfide 6 at each stage require minutes 

whilst those of the sulfone 1 require hours. We should 
therefore not be surprised to obtain more of 16 than of 1 Is 
and possibly 16 might even go on to react to afford a 
his-adduct before the “sulfone side” of 10 reacted. If so 

the major hit-adduct expected would be 13 whose 
configuration may be correlated and proved by oxidation 

to the known 9. But 11s. if obtained, may also. in 
principle. react further and give 15 which may be oxidilcd 
to the already known symmetrical sulfone 4. 

If, then, we were to obtain a reaction mixture from 10 
consisting of at most two mono-adducts and two 

his-adducts and if each of the isolated mono-adducts, 

singly reacted further with dienophile to afford the same 
his-adducts already isolated in the mixture of four 

products. the structures written in Scheme 2 would be 
reasonable. even if not proved unequivocally (note for 

example. that 15 may be obtained also from a compound 

having structure llb and that a fourth different mono 
adduct. 14. is also capable of existence). 

I 

Ilb 

In the event, it was immediately clear from the h’lc(R 

spectrum of the crude reaction mixture of 10 with one 

equivalent of dienophile that a mixture of products was 

obtained. This. being expected, did not lead to con- 

sternation. Rut the NMR spectra of the four products 

isolated after repeated tic led to hope that the data 

summarired in Scheme 2 is indeed correct. For besides 

recovered starting material the four compounds isolated 

were eluted from the tic plates in the order of 
mono-adduct. his-adduct. his-adduct. mono-adduct. 

We must state that our hope was dashed and the 

contents of Scheme 2 are fiction. Scheme 2 has served as a 
useful vehicle in this discussion but fact is more complex 

than fiction and the results obtained are summarized in 

Scheme I. 
‘Ihe relative amounts isolated of 11.12. 13 and 14 (or 16) 

arc recorded in the Experimental. It should however. be 

noted from Scheme I that we do not know which epimeric 

sulfoxide 11 actually represents. 11s or 1 lb. We know that 
we have ohtained both 12 and 13. since each upon 

oxidation yields the C.-sulfone 9. but we do not know 
which epimer is which. We know that WC have as the 

fourth component of the product mixture one of the 
rulfoxides of the configuration represented by 14 or 16 but 

agam we do not know which sulfoxidc epimer it is, 14 or 
16. And this despite the fact that we have in thi\ case both 

epimers in hand as components of a mixture of oxidation 

products of the sulfide 7. WC arc not prepared to assign 
such structural details on the basis of SMR spectra. WC 
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have already noted that some more courageous colleagues 
assign configuration on the basis of NMR chemical shifts 
even when they have in hand only one of IWO possible 

isomers. Not being wagering men we dare not do so even 

when boIh are in hand since the odds of being correct still 
remam 5O:SO. WC are hoping that it may be possible IO 
obtain 14 or 16 as untwinned crystals so that WC may learn 

the corrccl assignment of !Go epimers in the pairs 12-13. 
M-16. 

The configuration of 11 stems from its affording the 

his-adduct 15 which was oxidized IO yield the C?. sulfone 

4. The configuration of 14 and 16 sIems both from the fact 

that Ihcy arc obIained from 7 and from the oxidaIion of 

IhaI (14 or 16) obtained as a component of the product 
mixrure from 10 IO the sulfone 3. 

II should be noted that the second equivalent of 
dienophile aln~~~.r aIIacks from above, presumably for 
cleric reasons. SIeric hindrance is. relatively. less from 

this direction. 

If the reactions summarized in Scheme 3 presented IIT 
with a surprise iI is because of Hrc way they appear in 

comparison with Scheme I. noI for u ptioti reasons. Here. 

all of the substrates were attacked by the dicnophilc 
exclusively from above. 

The sulfide 20 gave the product (necessarily a 
mono_adducI) 21 which was oxidized IO the sulfonc 18. 
Thip adducI was also obtained from the sulfone 17. Since 

ttrc adduct 2 of procen configuration (2 +4 + 5 in Scheme 

I) and 18 both afforded the Sume perhydroderivativc 19 

upon reducIion Ihc confipuralions of 17 and 21 are corrcc~ 

as wrillcn. 
Two epimeric \ulfoxides 22 and 23 wcrc obtained b) 

periodate oxidaIion of 20. These gave. respectively. the 

adducts 24 and 25. The latter IWO compcjunds gave 18 
upon oxidaIion thus proving IhaI they are members of the 
same configurational family. Hut in this case we know the 

derailed configuraIion also 31 Ihc sulfur atom because an 

X-ray struclural dcIcrminaIion showed IhaI 24 is in full 

configurarional dcIai1. as represented in 24.‘ From this 
follow the details al sulfur for 22. 23 and 2.5. (The X-ray 
sIrucIurc of 24, of course. proves the correctness also of 

Ihe chemical correlations. e.g. 2 -4 -5: 2 + 19+18+17. 
CIC.). 

The ahovc results do noI necessarily prove the 

falseness of our thesis regarding secondary orbiIal 
overlap control of the Diels-Alder rcaclions under 
discussion (cf. preceding paper for a fuller discussion of 

this). II may be that iI is false and IhaI an entirely different 

explanation ma) be given for Ihe experimental facIs. WC 
rdlhcr believe. however, that in this inlricale fabric of 

nuance\. which i\. a\ usual. constituted of steric ad 
clcctronic factors. we have not yet fathomed all of Ihesc 
factors sufficienIly. BoIh IRK srcric factors and Ihe 
electronic ones of orbiIal overlap are Ihrough-space 
facIors. We have not at all discussed hercloforc 

through-bond consideraIion\. 
WC continue ;I Iwo-pronged attack. In Haifa WC 

invcstigale. experimentally, the behavior of other sub- 
sIraIes. both propellanes and bridged annulencs produced 
in Ki,ln. In DarmsIadI. Prof. R. (ilciter’ has embarked on 
MIND013 calculations which ma) go beyond his EH daIa 
in helping us IO understand the reasons for slereoselec- 
tivity in dirccrion of atlack in our varicgalcd suhstrares. 

IR \pcctra uere measured (in I’HCI, unkss otheru-iu spcc~hcd) 
usurp a Pcrkin Elmer 257 or 237 rpcclromclcr. SYR spcclra were 
measured on a \‘.arian TM or A60 inslrumcnl (given in r values) 

and ma\s \pecln on the Allas (‘H4 (7OcV) or a Varian MAT-i1 I 
( IOOcV) mass rpccrromcrcr. Mps arc uncorrected. Organic 
solulions were dried over anhyd. MgSO,. .S&cnIs were removed 
in a rolary evaporator al waler pump pressure. Preparalivc silica 
plares were 20 x 20 cm of 70 g silica gel 60 P F 2% produced by E 
Merck. Degassing of solns before irradiaIion was carried OUI by a 
series of 4 freezing and mchmg operalions at IO ’ Ion. Ikls-Alder 
rcacIions were conduckd in CH,CI, 

.Uono-odducr 2. Reaction bcrween I (33Omg) in IO ml with 
PTD (265 mg) in IOml required I hr before red color was 
discharged. Afler removal of solvcnl lhc crude producl wav 
IriIunIcd several limes wiIh her McCN affording 2 (479 mg; IUYX 
m.p. 279-X? (dec) accompanied by 3 (30 mg: 5%: see below). The 
SMR spcrrum showed Ihc presence of some unreackd 2 and 4 
was also isolated in 4% yield. Compound 2: (Found: S. 8.39. 
C,H,.N,O.S requires: S. 8.1%) IR (KBr). 2980. 2930. 1770. 
1X0. 1500. 1410. 1320. IlXOcm ‘. NMR fDMSf%d.): 2.43 1s. 5 
arom H); 3.23 (I. 2 vmylic H. J = 3 HI). 4. I%434 fm. 4 dienic H); 
5.00 (I. 2 CijN. J - 3 Hr); CH,SO: unobserved due IO solvcnr. MS. 
254 (18). 235 (100); 1613 (I!); 128 (I!); I20 (24); II9 (5). 

His-odducr 4. RcacIion bcIwccn 2 (I19 mg) in 50 ml and PTD 
(52.5 mg) in IO ml required 48 hr &ring aI room Icmp. Marl of the 
producI 4 precipiIaIcd 1135 mg) ho1 cvaporalion of solvenf and 
IriIuraIion wiIh CHCI, gave more 4 f27mg; rotal 95%). m.p. 
V&32.( fdccl. (Found: C. 58.74; H. 3.9!; E. 14.62; S. 5.74. 
C,H,,N.O.S requires. C. 19 00: H. 3.88. S, 14 73; S. 5.629%) IR 
(KHr). 1780. 1730. ISO!. 1410. 1325. 113Ocm ‘. NMR (DMSGd.): 

2.40 fhr s. IO arom H); 3.50 (I. 4 vinyhc H. J - 3 Hz): 4.75 (I. 4 
CHN. J - 3 Hz); 5 90 fbr \. X‘H,SO,) MS 253 (14); 248 (9): 243 
(I&); 227 f88); 195 (13); lIl3 (2-4); 177 (29). 

hadiofion o/ 4 A soln of 4 (45 mg) in acclonc (x0 ml) was 
&gassed and irradhkd in a Rayonc~ reactor aI 300 nm The cage 
producr 5 precipitates (24 mg). m.p > 3((r. (Found: C. CI3 54; H. 
407; N. I4 39; S. 5.74: M.W 570.1311. C,H,,N.O,S requires. 
M.W 570 1322) IRlKRr): 29UO. 1’500.1690.1500.1400. 1320. 1250. 
116Ocm ‘_ NMR (DMSO-Ct TFA): 2.30 (\. IO arom H); 
4.9&s IO (m. 4CfjN). 6.34 lbr s. 4CH,SO,): 6.6eh.80 fm. 4 
cyclobuhnc H). MS. M(’ s?O (100): 3?9 (9); ?79 (!I); 227 f7R); 214 
(22): II9 (51) 

sfoono-adducr 7. ImmediaIe disappearance of red color oc- 
curred in rcaclion of 6 (I88 mg) in IO ml wiIh PTII (175 mg) in 
IO ml. giving 7 (89%). m p. l77-17Kc fdcc. bcnrene-hexane) 
(Found: C. 65.94: H.4.63. N. I I 29. S. g 61 C,H,-S&S requires: 
C. 66 17: H. 4.72: N. I I.%; S. lUl3%). IR. 2980.2920, 1765. 1710. 
1500. 14OScm ‘_ NMR lCIx‘I,): 2.53 1s. 5 arom H); 3.35 11. 2 
vinylic H. J - 3 Hz); 3.7M.40 (AA’BB’. 4 diinic H); .( I7 (I: 
?CHS. J = 3 HI): 6.97: 7.20 (ABq. 4Clj~S. J = I! HI) MS. 227 
(41); I35 (100). I34 (17); II9 (26). 

His-udducf 8 AfIcr 30 min rca&n ~hc red color disappeared 
when 7 (36 mg) in 2 5 ml was rreakd wiIh PTD (17.5 mg) in 3 ml. 
giving 8 (86%). m.p. %29IP fdec. benzc.nc). (Found: C. 63 04; H. 
4.25; S. lS.19: M.W. s3R 1402 C,H,,N.O,S requires: C. 62.44. H. 
4.lI:S.I~.6(Yk;M.W.?38.14?3).lR. I770.1720.1505.1405cm ‘. 
NMR fCDCI,)- 2 47 1s. C arom H): 2.50 (s. 5 arom H); 3.34 (I. 2 
vinylic H. J 3 Hz); 3.57 (I. 2 vinyhc H. J = 3 Hz): 4.w5.10 (m. 
4CljN): 6.40. 7.03 (ARq. 4CH:S. J - I! Hz). MS. M’ GUI (100): 
MI (l3):!~3(14);!??(14): I85 (8): 135 ($3); 128fl3): 119(70); 109 

(16). 
Conccrsion of 7 info 3 OxidaIion of 7 (IO mg) in CH.Ll: (IO ml) 

with mshloropcrbcnroic acid fm_CPHA) m CH,CI: (IO ml) and 
srrrrmg ovcmighl followed by dccomposirion wirh aq Na,SO, 
(IO%) and washmg wiIh aq Na,CO, (1%). drying and removal of 
solvent gave crude 3 C 1 I mg) ‘Tnlurarion with MCOH gabc pure 
producr mp. 162-163’ (dccl (Found: X7.0687. M(‘-C.H.O,S 
requires: ??7.0694). IR (KHr) Z980, 2930. 1750. 1690. 15C@, 1320. 
114Ocm ’ ShIR (DMHSO~,): 2.3X 1%. 5 arom H); 2.93 (1. 2 vinylic 
H. J = 3 Hr). 3.57-4.34 (AA’BB’. 4 drnic H); 4.90 II. XHN. 
J - 3 HI). 6 56. 7.02 (ARq. Clj,S. J - I4 Hr) MS. 22X flIl); 227 
llO0). I6Il (29). ISI (6); 133 (0; II9 (5). 

The producr 3 was identical by m.m.p. and spcclroscopically 
with 3 ohrained as a h)-producr rogether wirh 2 by reacting I with 
I cq PTD (see above). 

(bnrmion of 8 into 9. ‘I’hc oxdauon was conducIcd as for 7 
using II (4Omg) in IO ml with mCPBA f70mp) in IOml. Aflcr 
workup crude 9 (4s mp) was ohlaincd. Crysrallizafion gave lhc 
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analytIcal wmplc. m.p. %3lF (knrene-cIkrl (Found: C. 
sX.w: H. 3 74. N. 1455: S. C 5X: M W ‘70 1312. C,H,,N.O.S 

rcqunes: C. CX W: H. 3.11x: S. 14 73: S. 5 62%; M.W. !70.13!1). 

IR. 1790. 1i.w. 1600. 1400. 1330. ll3Ocm ‘. NMH KIXI.): 2.50 
Ibr s, IOarom H): 3.1711.2 vinylic H. J = 3 Hc); 3.5OfI.2 vinylic H. 
J = !Htl. 467-s.MI Im. CHSl: 6.00. 6.66 IARq. dCH,S. 
J - 14 HII MS. Y’ 570 15); 22: 157). I77 19); I20 (IO): 119 IIOOL 

Rrac-fion CJ/ 3 Gfh P7’D After IC min [he color dIsappeared m 
the rcacIion of 3 (7 mpl in 2 ml with PTD (3.2 ma) in I ml and 9 was 

okamcd. dcnIical hy m m.p and tpcc~ro~copically with 1hc 

\amplc dcvxikd abe. 
I2 771hiu[4.4 3]prop& 2.4.7.9 frfrarnc . I!. odt IO. ‘To a 

\oln of 6 rl&~rnXl m MeOH (5 ml) was added dropuIu wIIh 

tnrrmp a~ (P a toln of sodium pcrmdaIc (214 mgl in aq M&H (I. I. 
h ml) S~urmX was comrnucd ovcrniphr. a1 room temp. The Salk 
formed and solvcn1 were removed and the rcsiduc Iaken up In 

CHCI,. clarified by hlIraIion and 1hc solvent removed. The crude 
product 1200 mgl was crysIallIred. m.p X2-83” (ether-kxanel 
(Found: I’. 70 27. H. 5 74: S. l.c.X!; M.W. 204 0604 C,:H,:OS 

require\ ( , 7065: H. 5.93: S. IC 7-5. M W. ?04.06OYl. IR, 2940. 
14&l. 1070. llll.‘cm ’ NMR (CJX’I,l. 3.73-4.60 fm. X dienic Hl; 

6 4s. h.XX IAHq. 4CH,SO. J - 14 Hz). MS. M(’ 204 1% It> (IX). 
I’3 (I?); I42 (40). 141 (IOOL 

Rrocfion o/ IO wfh P7‘1) ‘I’hc red color was dlschargcd afler 

20 min rcacIIon of IO II I? mgl m ! ml with PTD I I cq. I IO mpl in 
s ml Rcmotal of tolvcnf gave a mirIure (as ohtunIS from SMR 

\pccIruml. 4fIcr using ? Glica plates (acclonc (lthcxaw (I 1. IO 
IIS mX) was recovered and Ihc mixrure II!! mXl was again 
tuhjec~cd IO scparatmn on 4 silica plaIcs. 5 runt on each uIIh 

accIonc ( I)-hctane (I). Four compxmd\ were ItolaIcd lIIalicifcd 

In Ihc 1~x1) 
kirsf componenf. Mono-uddurf II. 19 mX (IR%). m.p. ?%!.CX 

(dcc. knrcncxIkrl (Found M’-C.H.SO (rcIro-D.A.) 227 06X2; 
requires: 22’0694). IR: 17YO. 1735. 1415. 1090. lO!Ocm ’ NMR 
(CIX’I,) 2 C! Is. s arom III 340 (I. 2 cmyhc H. J = 3H1l: 
3 YO-4 ~OI.AA’HB’.4dIcnrc H). C30(1. !CHS. J = 3 Hr):h 2!.6XX 
I.ARq. 4CH,SO. J - 14 HI). MS 2% flX,: !!? IlOOl. I4Y (!l. IIY 

(!‘I 
Oxufofion o/ II (8 mXl In CH,(‘I, 15 ml) with mCPf3.A IIs mgl In 

CH..CI, l.’ mll gave In Ihc usual way crude producl. m.p. ?7%??V 
(CH(‘I,-hetanc). m m p. wuh authentic 2. 27X-!7V and idcnIical 
uIIh 2 specIro\copically. 

(‘onrrrsion I>/ 11 vcfo h~vaddurf 15. The red color dIsappeared 

afrcr 4 hr rcacuon of II (7 mgl In 2 ml wiIh PTD 13.5 mgl in I ml. 
alfordinp IS. m.p 3lL3l6’ (dcc. CHC‘I,-hcxancl. IFound 
M’-C,,H,,N,O,S (reIrIr-1) A I. 227 ohllh; rcquIre\ 227.0694). IR 
17w). 173s. ICOO. 1410. 1030cm ’ NWR (I’DI’ l: ‘.C7 Is. IO Nom . I - 
H): 3 PAJ (1. 4 tinylic H. J - 3 HI); C.OLC 34 (m. J(‘HS): 6 (1’ I\. 

4CH.SO) MS. 227 (33). 177 (IV). IU (16); IIY 1100~ . . 
Oxidufwn of 15 (5 mpl In CH,CI, (5 ml) by mCPRA (5 mpl In 

C’H1(‘l.. 1s ml) a\ above pave 4. m p 323-32s” Idcc). m m.p. with 

auIhcnIic 4. 32432s” and idcnkal specIrou_opIcall) 
Srcond c-omponcnr. 6ir.odduc.f I2 2X mp, (2741. m.p. 21%216’ 

Ikn~cnc-eIhcrl. IFound 227 0709 M’-C,,H,,N,O,S (re1ro.D A I 
rcquucs 217069s) IR: 1790. 173’. 1510. 1410. 1060. 103Ocm ’ 
NMR ((‘Ix’l.~- 2 47 Is. C arom Hl; 2.53 Is. q arom Hl; 3.36 (I. 2 

tmylic H. J 1 HII: 3 (3 (I. 2 tmylic H. J 3 HI). 4.Y7 (I. !CHN. 
J - 3 Hrl: s I4 (I. 2CHN. J 3 HI). 6.36 fbr \. 4CH:SOl MS. 227 
(xv. 1x3 (40). Is! 170: 145 120). II3 (50. IIY 140). II! 150); IO4 

f IM). 
Oridofum OJ 12 IXmgl as aktc wIIh m-CPHA (Is mgl In 

CH&‘I, as ahove RalC 9 (IOmpl. m p. 307-309” (dcc. knrenc- 
crherl. mm p uiIh auIhcnIrc 9. 3OX!lO” and KlcnIrcal spcc. 
Iro\coplcallg 

‘Ikird componmf. his-adducf I_): 4Omg 13X%). m p. !!I-223” 
Idcc. knrcne~tkrl. (Found: M W. 554 1430. C,H,,N,O,S 
requires ss4.1376) IR: l7YO. 1740. 1410. 103Ocm ’ SMR 
I(‘D(‘I,l: 2 !O I\. IO arom Hl: 3.23 II. 2 tmylic H. J - 3 HI). 3.63 (I. 
Z vmylic H. J = 3 Hrl. 4.YILCl7 Im. 4C’HNl; 6.(#1. 7.21 (ABq. 
JCHS0.J - IJHII. MS hl’ c4(l41:?!7(~6);?0913!l.!07(100): 
I’2-W~ 

Oridufton of I3 (8 mp) wifh m.(‘PIIA (15 mgl In CH,C‘I, as 
aktc gate 9 IX mX). mp 309-!IV Idcc. knz.cnc-cIhcrl. m.m.p. 
wIIh auIhcnIic 9. 30X310: and Identical spccIroscopIcally. 

Fourrh componmf. mono-addurf 14 IX mp (17%). m p l61- 

16? fdcc. CHCI,-ktancl. (Founds U’<.H.OS frcIro-I) A I. 
22706X2. required: 227.0694l IR- 17X0. 1720. 1210. 1410. 1090. 

IOZOcm ‘. NMR lCJx‘I.l: 2.53 It. s arom H): 3.30 II. 2 tmylic H. 

J - 3Hrl; 3.67-U-O (AA’RR’. 4 dIcnIc Hl: 5 I3 11. ZCHS. 
J 3 HI). 6.67. :.OO(AHq. U’HSO. J - I4 HI) MS 227 (9% Is! 

(9X); I36 (61; I34 (24): IIY (70). IO5 (201; IO4 11001 
OtdaIIon of I4 15 mg) with m-CPHA (Is mpl In C‘H,(‘I, a\ 

ahobe gave 3 (6 mgl. mp I6&16? Idccl. mixed uiIh aurhenlic 3. 

l64L163’. idcnkal spcc1roscopIcall) wiIh 3 
ConIrrsion OJ I4 info lwo&fu~f 12 The red color disappcarcd 

afIcr 4 hr reaction of I4 (7 mg) in 2 ml with PTI) (3 s mgl in I ml 
The product had m p ?I’-216” and was idcnlical wiIh authcnfr I2 

hy m m.p. and spcclrotcop~cally 
Oxidorirrn of 7 ro ho/h c-onJi~urorcono/lp cpimmric- xu//dwdrx. To 

a soln uf 7 I.Csmg) in C’H,(‘I, 13mll was added dropwIse with 

slurmg al room tcmp a soln of s&urn periodale 133 mgl In aq 
MeOH (I: I: 3 ml) Mc0H (3 ml) was added IO ohlain a 
homogeneous soln and the u hole was \lirred ovcrmghl. After [he 
usual workup the crude prtJuc1 (63 mgl was chromarographcd 

using 3 tIlIca pla~cs. 3 runs each wIIh hctanc 13l-acetone (1) ‘Two 
Isomers wcrc IsolaIed. 14 120 mpl idenIical by mixed m p. and 

spcctrotcop~call) with 14 dcxrikd aktc. and 16 I!! mp). m p 
15%151” Idcc. CH:(‘l..-hcxancl. 

Compound 16. IFound- M’-(‘.H.OS (rclro.I).A 1. !!‘Mn!. 

required !!?C~594l. IR IKBrl UOO. 1760. 1710. IVIO. 1410. 
I(KOcm ’ ZMR (CIX‘I.) 2.(? Is. ! arom HI. 3.20 (I. 2 tmylic H. 

J - 3Hzl: 3.50-4 ‘3 (AA’HB’. 4 dicoic Hl; s I3 (I. ?CHS. 

J - 3 H7). 6 ‘3.7 24 IAHq. 4CH:SO. J 7 I! H/l. MS 22X (I!). 227 

(YCL 1s: lXol: 14 1261: IIY Ilull; 105 1201: I04 IlOOl. 
C’onrerrvrn of 16 tnfo his-adducr I3 The red color disappeared 

afrcr IOmm rcac‘lron of I6 19.s mXl in 3 ml uIIh PTI) 14.5 mpl in 
2 ml. alfordmp producl IIOmpl 1dcnIIc.d hy m m p and spcc- 
~rt~scopically wIIh I3 dctcrikd .iktc. 

.4dduc-f 18 Ihe red color was dixharged aflcr 3 hr rcaclion of 
I? (I I! mpl m ( ml u_IIh I’TI) 1X7.5 mgl in s ml afforded crude 18 
(IIul mpl ‘l‘riluration uIIh CHCI. pate-lhc analylical \amplc. m p 
3ll-312” t&c. 31IL321’1 (Founds I‘. ho!4: H. 5 !Y; S. IO 39. 
M.W 3YY IZYI C,H:,S,O,S rcquircs. C’. 6020. H. 5.31. S. 

10.53%. 54 S. 3W I!!?) IR IKHrr _%. !XXU. 17110. 1700. ICOO. 
1410. 1320. I I4Ocm ’ SSfK (I)MSO& 2 30 Is. ( arom IO: 3 I’ 

(I. 2 vmyhc H. J - 3 Hll: t I4 (I. !I‘HN. J - 3 HI): 6 I2.6.V IAHq. 
J(‘H:S02. J - 16 HI); X 01LX.64) (m. C~!:I MS hl’ 3W (20): 22X 

(14); ??’ IIOLU. 14s (Xl 
Pfrhrdn~-dfn:ofiIc 19. la) .A suspcnvon of 2 I?9 mpl In EIOAC 

(Is0 mll unh P10,15 mXl wa\ shaken with 11: a1 40 psi during 2 hr 

‘The caIalys1 and solten were rcmotcd from lhc now Iransparcnt 
soln and Ihc crude rcslduc (22 mgl was purI6ed by chromafog 

raphy on basic alumma (grade I) using U~CI, (lb-hetanc 14) Tk 
analgkal sample of I9 had m p !?-273’ ldcc. benzene-hcxancl. 
(I:ound, (‘. sY s!; H. s 6X. N. 10.1s. S. X0X. MW 401 I436 

C,H,,S,O.S rcquucs C. sY w): H. s 7X. N. 10.4X; S. X m. M.H 
401 1400) IR: ZY60. 1770. 1710. IslO. 1320. ll.Ucm ‘_ NMR 

ICrxxl: 2 co I\. s arom Hl. s Y4 Is. ZI’HNI. 6 20. 6 i’ (ABq. 

J<‘J!..SO:. J 2 Is Hz): ‘6&X FL fm. I?I’H,l MS M’ 401 (26); 22X 

(1001. 2’ r!l). 120 (6). 
(hl RcducIion of 18 as for 2 pate 19. m p 2’2-274” Idccl. m m p. 

uIIh I9 prcparcd from 2. 272-2’3’ ‘The IUO \pccImcns wcrc alto 
idcnkal tpcc~roscop~cally 

.4dducr 21. ‘WC red color diwppearcd afIcr 3 hr rcacuon 
ktwccn 20 (X3 rngb In ! ml u-ith PTI) (68 mpl In 2 ml. adordinp 
crude 21 I I!0 mpl purified on basic alumma (Grade Il usmX CHI‘I, 
I!)_hctanc 17). m p 21421.” (knrcnc-hctanc). IFound~ M W. 
367 1174 I‘,,H,.N.O,S rcquuct 36’ 13551 IR IKRrl: 2940 2xX0. 
1770. I’*). 1’00. IJl’cm ’ SMR ICIX’I,)~ ? (11 I\. 5 arom Hl; 
3.43 II. 2 tmyhc H. J = 3 HI): C .3&s 70 fm. ?(‘HNl: h.sO. - l7 

IARq. 4CH:S. J - I? IIll. X O&X.X0 (m. XC?!,) MS M’ 36’ 130. 
22X II’). 227 IIOUI. IX3 16). I33 (IO). 119 (9) 

Oxtdafion o/ 28 IO mixfurt o/ ~ul/orldrs. Oxidakn of U 
COOmg) in CH,Cl, (I mltMcOH (3ml) a\ aktt wiIh SalO. 
(23s mpl In aq McOH 16mll wiIh added htd)H I! ml) otcrnighr 
pntc a mixture of 22 and 23 ScparatIon wa5 accomplbkd on 2 
shca plakr. 3 runs. accIonc I I b-hctanc 13) 

Compound 23: IYUmgl. m p XY-Uo’ Ihcxanc). If4iund: 51 W 
_%0947. C,,H,.OS rcquncs. 20X.0922). IR: _BO. 2x60. 10?0. 
IOlOcm ’ NM(R ICDI’I,l~ 3 RM 38 I?\A’RR’. 4 drcnic Hl. 6.41. 
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7.20 (ARq. 4Qi,SO. J = 14 H~J. 8.60 (5. LUj,,. MS. M’ 208 (JO). fb) OxidaIion of 24 by m-CPRA (100 mg) similarly gave. after 
160 (IO); 145 (100); 133 (34); 131 (40) rnluralion with M&H. pure 18. m.p 311-31? (dec). m m.p with 

Compound 22: (80mg). rcmamcd an 011. (Found: M.W. above 312-313’ (dcc). identical spccrroscopicaJly 
?08.0908). IR: ?980. 2920. 1060. IOlOcm I NMR (CIXI,): fc) Ox&lion of 25 (30 mg) by m-CPRA (60mg:) also gabc. as 
3 9&4 53 (AA’HH’. 4 dienic H): 6 69. 7 01 (ARq. 4CIj,SO. above. usmg MeOH 18. m p 312-313’ (dec). identical by m.m.p 
J = 14 Hr). 8.15-8.70 (m. 8Cy,). MS. M’ 208 (8): IX? (17); 145 (312-313”. dec) and spctro\copicafly. 
(100); 131 (44). 

Adducf 24. The red color disappeared after 3 hr reaction of 22 

(50 mp) m 2 ml with PTD (45 mg) m 2 ml. The crude product on 
Aclmon~tdgnmr-WC arc grateful IO Herr Hemnch Flschcr for 

uituration with M&H gave rhe analytical sample. m.p. 278-27Q 
preparing sufficlcnt quanriric\ of certam starting materials uxd in 

(dec). (Found: M.W. 383.1319. Ca$(,,N,O,S requires: 383.13033 
this work.’ 

IR: 2960. 1780.172U. 1410. 1080. IOZOcm I NM(R(CDCI,): !.47(5. 

5 arom H). 3.47 (I. 2 \inylic H. J = 3 Hr); 5.47 (I. !CfjN. J - 3 Hz); -1s 

6 29.6.99 (ABq. 4Cfj,SO. J = 14 Hz): X OfX80 (m. XCfj,). MS. “%I(. Karat. D. Talarsky and D. Gmshurg. 7irrahtdron 28. 1315 
M((’ u13 (29); 366 (IO); !zx (13): 227 (100); 145 (5). (1972);‘C. Amirhand D. Gmsbur(r. Ibid B, .3415 (1974);‘J. Kale. 

Adducf 25 The red color disappeared after 6 hr reactlon of 2.3 J. M. Photis. L. A. Paquette. E Vogel and D. Ginsburg. Ibid. 32. 
CO mn) in 2 ml with PTD (18 mn) in ? ml. Tnruration of product 25 1013 (1976); ‘P. Ashkcnui. E. Vogel and D Ginsburg. Ibid. 33. 

with benzene gave rhc analytkal sample (32 ml). m.;. 298-m 

fdcc). (Found: C. 62.69; H. 5.5% h’. 10% S. 8.23 C,&,N,O,S 
requires. C. 6272; H. 5.53; N. 10.95; S, R.371). IR: 2950, 2880. 
17X0. 1720, 1410. 1080. IO3Ocm ‘, NMR (CDCI,): 2.43 (s. ! arom 

H); 3.30 (I. ! vinylic H. J = 3 Hr.): 5 M (I. ?CljN. J - 3 Hz); 6.29. 
66s (.4Hq. 4Clj..SO. J - 1411~); 8.3G8.80 (m. 8Cy,) MS. ZOn 
(31); 192 (IO); I45 (100): 144 (IO); 131 (45): 1% (I!). 

Confi~urofionul comlofion of 21, 24. U. (a) Oxidation of 21 
(4s mg) b) m-CPRA (100 mg) m CH,CI, gave a\ above lhe sulfone 

18 (47 rng) after workup and trituration with CHCI,. m.p. 3l?-31y 
(dec) M m p wtth authentic 18 dctcnbcd above 312-313’ fdec) 
The samples were alu, spcctro<opicaJly idenlccal. 

1169 (1977): ‘J. Kale. E. Vogel and D. Ginsburg. Ibid. 33. llr 

(1977); ‘P. Ashkcnau. J. Olikcr and D. Gmsburg. unpublished 

results. 
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