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Ab&ract-We show agun lha~ compounds containing CO group\ which arc capable of xcondary orbital interactions 
wrh the dienophile. dphen~l-l.2.4-triaroline-3.(-dione cause reactwon IO occur from above Howebcr. m substrates 
whrch do no1 have capability for overlap wrlh rhc dwwphile nitrogen lone pairs and. on the contrary. exert \fcrrc 
hmdrancc IO topsrde reaction. reaction with rhe first equivalent of dicnophilc occurs from below When a second 
cqurvalenl can reacl it reacls from above. agam for relative slcric reasons. 

We have devoted much effort in testing the generality of 

the attack from above of propellanes conraining CO 
groups by 4-phenyl- I.?&triazoline-3.5dione (PTD). The 
transilion state stabilized for reaction from above is 
shown schematically in Fig. I. 

Professor Kolf Cilcitcr has chosen the orbitals which 
arc capable of efficacious overlap. These are the CO n* 

orbitals (IXMO) with the unsymmetrical n combination 
of lone pair orbitals (HOMO) of the dicnophilc.’ This is a 

secondary interaction since the important. primary. 
interaction is of course that involved between the 

p-orbitals of the dicnc and the p-orbitals of the N=S bond 
in the dienophilc, leading IO the thermal 14 +Jcpcloadd- 

ition involved in the Diels-Alder reaction. 
WC first invoked this idea IO explain the exclusive 

attack of lc from above.’ But this thesis was strengthened 
by the fact that three more methyl-imidcs related IO Ic. 
the dienc and two possible trienec possessing the same 

skeleton. were attacked by PTD exclusively from above.’ 
In this paper WC report on IWO anhydrides and IWO imides 

which are also attacked by PTD exclusively from above. 
That la and lb arc attacked only from above is proved by 

formation of the his-adducts 30 and 3h. respectively. 
Since the latter upon irradiation afford the cage com- 

pounds 4a and 4b. respectively. proving that horh 
equivalents of dienophile attacked from above (this is the 
only way two double bonds can be in proximity for the 

ready [2 + 2)photocyclization). this means that the first 
equivalent of PTD also must have entered from above, 

proving the configurations of 2a and Zb rcspeclivcly 
(Scheme I). Since 2a and 60 h>th yield the same 
perhydrocompound on reduction, 5s has also been 
attacked exclusively from the top side. The analogous 
configuration in the imide 6b was correlated with its 
N-Me derivative of proven contiguralion.’ Thus Sb has 
also been attacked by PTD only from above. Incidentally. 
ahhough this is merely additional evidence 3b and 4h have 
been conelatcd through N-methylation with rhe known 3c 
and 4c.’ 

‘part XXXVI. I’. hshkcnwi. E. Vogel and D. Gmsburg. 
I‘tvrohdnm 33. IIhY I IT-, 

We have reported lhc behavior of the analogs sans 

carbonyls of la, Sa and a trienic member of the ether 
family. Since the CO oxygens arc replaced by hydrogens 
which lack orbitals capable of effective overlap with the 

N-lone pair orbitals of PTD and since O-lone pairs of the 

ether are equally incapable, there is no help for attack 
from above. But. evidently the hydrogens moreover exert 

steric hindrance towards approach of PTD from above 
and attack occurs exclusively from below.” Similar 

behavior is exerted by cyclobutane hydrogens in the 
analogous [4.4.2]propellaletraene.’ Again, [4.4.2]propel- 

lanes of different oxidation state are all attacked from 
below, even when a cyclobutenc ring is present.’ From the 
latter case we suspect that the orbitals that do not attract 

PTD. perhaps repel it. We have as ye1 insufficient 

evidence regarding this poinl. 
Clearly, one should prepare from imides such as lb the 

corresponding amine. The prediction would be that PTD 
should attack from below. That the second equivalent of 

PTD attacks from ahove is merely a tribute IO the efficacy 
of PTD as a dienophile. less energetic dienophilcs react 

with the sterically hindering substrates only once. to 
afford the mono-adduct only.” This also means that the 
boat-shaped portion of the bicyclic moiety in the 
mono-adducts exerts more stcric hindrance for attack by 
the second equivalent of PTD from below than do the 
hydrogens for attack from above. 

The problem of reduction of a tetraenic propellane 
imide to a tetraenic propellane amine was a technical one. 
Reduction of the CO groups was accompanied by 
1,4reduction of the conjugaled diene systems. Thus it 
was necessary IO compromise on the approach, using 
blocking groups of the basic NH function. in order IO 
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I&l: H -- (‘(X’H, , 
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17 16 Ih: K (‘OC‘H, 
b. H = CO,Hu’--’ 
c: H = H,‘Br _IHBr 
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obIain derivatives of propellatetraencs containing an 

amino funclion (Scheme 2). 
The amine 9 was treated alternaIivcly with acetic 

anhydride and with t-butylazidoformate so that the KH 

group was blocked. affording 10 and 14. respeclively. 
Bromination followed by dehydrobromination could thus 

be effected and 11 and 15. respectively. were obtained. 
These gave mono-adducIs and hi.r-adducrs. 12 and 13, 
respecIively. and the NMR spectra of 13a and 13b indicate 
that their structures are as shown. We have not proved 

unequivocally Ihat 121 and 12b have the configuration 
shown; we choose this configuration in analogy to the 
behavior of the ethers discussed above in which we have 
proved unequivocally IhaI the first equivalent of PTD 
altacks from Mow and the second from above, and not 
vice versa.’ Hut we wanted to study the free Ietraenic 

amine and removed Ihc I-bulyloxycarbonyl group from 

15. When this was done with TFA followed by the workup 
dcscrihed in the Experimental we observed decom- 
posiIion IO yield naphthalcne and the Irimer 17 of the 

ammonium-ylide CH,-N-CH: w CH,&CH: which has 

already been described as the product when an attempt 
was made IO prepare the monomer.’ 

It is easy IO explain the relative thermal sIabiliIy’of the 
corresponding IeIraene ether (0 in place of NH). 
Ammonium ylides are more stable than oxonium-ylidcs.‘ 
This type of explanation does no1 carry over IO the 

corresponding thioethcr (S in place of 0 or SH). We have 
sIudied Ihe properties of the latter compound and it is 
thermally quite stable (up IO 200”) despite the fact that a 
sulfonium-ylide should readily form along with naph- 

Ihalcne as a reasonable mode for rhe analogous decom- 
position. Perhaps Ihe hasicity of the amine is the 

paramount cause of its instability. 
When 15 was treated with HBr the hydrobromidc salt of 

the Ietraenic amine was readily isolated. Its hasification 

gave the free amine which rapidly gave naphthalene and 
17. But the salt 16 afforded with PTD the 41 13c which 

could alternatively be prepared by IreaImenI of the 
his-adduct 13b with HBr. Thus, the amine sah 16 is also 
attacked by PTD as are 11 and 15. 

Finally we studied a series of [4.4.3]propellanes 
containing one or IWO conjugated dienes (Scheme 3). Here 
SIC& hindrance from above is greater than in the ethers.’ 

and the [4.4.2]propellane suhslrates reported earlier.’ 
They should be more comparable IO Ihe compounds 

described in Scheme 2. The reaction court for 18.21 and 
24 is identical. Although we have not shown this 

unequivocally by chemical means, WC proved by the latter 
means that the mono-adducts 19, 22 and 28 all possess 

identical configuration since they all give the same 
perhydroderivative 23. upon reduction. But X-ray slruc- 

tural dcIerminaIion of 28 shows IhaI it indeed has the 
configuration shown in Scheme 3.’ Thai 20 is of C. raIher 

than C>. symmetry is clearly indicated by its NMR 
specuum. The X-ray work proves that 28 is formed by the 
chronology prcdiclcd: the first equivalenl of PTD allacks 
from below, the second from above. 

IR spectra were measured (in CHCI, unless athewiw spccfwd) 
usq a Pcrkin Elmer 257 or 237 rpcctromcler KMR speclra wcrc 
measured on Varian T-60 or A-60 meuntzntx (given in I values) 
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Scheme 3 

and ma\\ \pcctra on an Alla\ CH4 (70cV) or a Ovarian M(r\f-71 I 
(IOOeV) mats spectrometer. M.p\ are uncorrected. Organic 
\olutions dried obcr anhyd MgSO,. Sol\enrs wcrc rcmobcd in a 
rolar! cbaporator at waler pump pressure. Preparative sihca 

plates were 20 x 20 cm of ?Og &ca gel 60 PF 254 produced by E. 

Merck. Ikgasring of solutronr before Irradiation was carried out 
b) a \eries of 4 frcc?mg and melting operations al IO ’ lorr 

Gmcral pmrrdurc for Lkls-Aldtr rcacrronJ. A soln of the 

substrate in CH,CI, was treated utth one of 4-phcn)l-1.2.6 
trrazohne-3.cdionc (P’I’D) in CH?CI, ar rmrn lemp whilst sunmg 
magnetically. When the red color had disappeared the solvent was 
removed and rhc crude products. usually obtuned in practicalI) 

quantitatlvc )&Id wcrc recryctallizcd. If another sol\ent was used 
this is specified 

Mono-odducr h 
Anhydride la’ (IOOmp) in 4ml gave uith dienophik (PTD) 

(tt8 mg) in 3 ml mstanlancously. t After rnruration with bcnrcnc 

it had m.p. 2X-224’ (dcc). (Founds 227 0667 M(‘.C.H,O, 

(rcIro_D A ) requires: 2270694) IR _B40. 1785, I?ZS. 1405 cm ‘. 

NMR IDMSO~.J. 2 53 (s. .( arom HI. 3 37 (I. 2 vinylic H. 
J = 3 HI); 3.8&4.23 (m. 4 dlcnrc HI; 4.43 (I. 2 CljS. 1.3 HI). MS. 

?!R( I I ). 227( 100). Il9VO) 

Bir-cdducr h 
Compound 2 (75 mg) m I2ml wvlth PTD (35mg) in .Cml 

dtscharged rhe red color after I hr k had m p 297-m tdec. 
(‘H:CI:) (Found: (‘. ho.92; H. 3 17. N. I.c.30. (‘,H,,LO. 

rcqurrcs C. 61.09; H. 3 30. N. I.‘.!741 IR (KRr): 3%0. 
3020. l8?0. l?Ro. 1710. IVIO. 1490. I400 cm ‘. NMR (DMS0-d.J: 
2.V (s. IO arom IO; 3.60 (I. 4 vinylic H. J = 3 HI); 4 36 (I. 4 CljN. 
J.. 3Hz) MS. Xx(14). 227(%l. l?n(ll). I?o(I31. IIWIOO) 

A soln of 3a (7Omg) m acetone (70ml) was dcpassed and 
uradratcd m a Ra!oncr reactor at 3@l nm during ?2 hr. After 
evaporation of xolvcnt and trrruration with CH,CI, the pure cage 
compound 4a. had m p. > VW. (Found: (‘. 59.49. H. 3.48; h’. I4 83. 
(‘,H,.X.O. requucc: C. 61.09: H. 3.30: S. I5.27C). IR (KRr): 

3000. l&U. 1825. l7M). ISSO. 1475. 1400 cm I NMR fDMSOd.): 

2.500s. lOaromH);!.OO(brs.4C~N~.6.~~brs.4cyclobu1aneH~. 

MS. 54906). 2?8(42). 227(lOOL Il9t63). l@tl8). 

Mono-adducr b 
Anhydride 5a” (102 mg) in 3 ml with PTD (RR mg) in 5 ml gave 

instanlancously C. m.p. 276-V (acetone). (Found: M W 
379.1187. Cd,.N,O, requires: 379.11%). IR: 2950. 1785. 1725. 

1410 cm ‘. NMR (DMSOd): 2.57 (J. 5 arom H): 3.30 (I. 2 vinylic. 

J = 3 Hz): 4.78 (I. 2 CHN. J = 3 Hz). 7.67-9.00 (m. tICI&). MS. M’ 

379(7). 22R(l4). 227flOO). llW26). 104(7). 

Reducrion pmcedun 
A soln of 2 (70 mg) in A&H (60 ml) was reduced using PI& 

(5 mg) at arm. pressure during 24 hr. Removal of catalyst and 
solvent gave the pure product 7 after trirurartin with M&H. m.p. 

293-w. (Found: N. 10.67. C,H,.S,O, requires: N. II 0%) IR 
(KBr): _BO. 2860. 1850. 1780. 1700 cm I MS 227(lOO~. IZs(IO). 

Il9t4OL 10500~. 
ReducrIon of (r analogously gave 7. m.p. and m.m p 292-293’ 

with IR spectrum identical IO lhc above sample. 
The mono-adducr zb has been prepared earlier.’ 

His-adducr 3b 
The color of ~hc mixture of lb llOOmg) in 5 ml with PTD 

(I75 mg) in 5 ml was discharged after 30 min The product 3b had 
m p. 282-Z(C60 (dec. acetone) (Found: M’-C,,H.N,O,: 322.0702. 
requires. 322.0732; Found. M(‘-C,.H,.N.O.: 227.0693. requires, 
227.0695). IR (KBr): 3240. 1780. 1720. 1500. 1405 cm ‘. SMR 
(DMSO-d.): 2 5O(r. IO arom H); 3.67 (I. 4 vinylic H. J = 3 Hr): 4.SO 
(I. 4 CljN. J - 3 HI) MS. 322~7). 22&O. 227(26). IKo(67). l71(7). 
170(6). 14709). 141(6). 12OllO). ll9tlOO) 

Methylafion of ?b with ethereal CH,S, gave Ihe N-Me 
derivative. m p 277~27[P. identrcal by m m.p. and \peclros- 
topically with authentic specimen. m.p. 277-271p ’ 

Inadtirion of 5b 
Analogously IO that of k above, gave the cage compound 8. 

m.p. > 360”. (Found: M.W. 549.1402. C,,H,.S-0. requires: 



549.l342) IR (KHrl 2970. 2780. 1730. 1700. 1500 cm I NMR 

fDMS(M,-TFA): 2.50 (s. IO arom HI: 4.50. 4.73 fm. 4 CHh’); 

6.60-677 (m. 4 cyclobutane H) MS M’ !4%16). 367(9). 23lfioO). 

163fl7). 151(2X). 133(13). ll9f59,. 

Methylarlon gabc as above ~hc S-Me dcrtvative. m p. > 3w, 
tdcnricill with rhe corresponding authentic sample spccrros- 
copicafly ’ 

Mono~adducr 6b 
The rmidc Sb (51 mg) m 4 ml and PTD (41 mg) in 4 ml reacted at 

once. The adduce 6b had m.p. 34Y-3514(dcc) after rriturafion wrrh 

M&H (Found: M W. 378 i297. C.&l,,h’,O. requires. 378.1266). 

IR (KBr): 3lm. 30&l. _w. 1770. 1715. 1490. 1410 cm I. SMR 
(l)MSO-4): ! $0 (5. 5 arom H): 3.w) (I. 2 vmylic H. J = 3 HI); 5.00 

(I. 2 (‘HS. J = 3 Hz); 7 90-9.00 (m. 8 CH,). MS. !.4(’ 37x(10). 
22q121. !27(100). I IW23). 104(8). 

Ycrhylarlon a\ abobe gave rhc N-Me dcrrvarrvc. m.p. 25b26O” 
identical with lhc aulhcntlc \;lmplc m.p. 262-263’ h) m m.p. 
!C9-261” and \pccrroscoplcall) ’ 

I!.Ara[4 4 3)pn,pdla-~.X.dlmr. 9 

To a cold soln of 8’ (2 Jg) m benzene (75 ml) was added 
dropwlx Na?\lH~(W‘H,CH2COH,), (?O% in C.H.. 15 ml) and 

then the whole ua\ heated under redur (N,) during 48 hr. Excess 
rcapnl was decomposed after cooling by addition of KOH (30% 
aq) and rhc organic phase was dried. Afrer removal of solvcnr. 9 
was obtained as an oil (I.7 g; 80%). h.p. 85” 10 I mm). MS. 17?(3.0. 

17Y42). I?p(!!). l3OflO). lO~floO) The amine gave a hydrate. m p 
12%l!R”. The prcrart formed in methanol had m D. 509-210” 
(methanol) (Found: C. 53.61: It. 5.02: h’. 13.63. ?,.H&.O, 

requucs: C. 53.46. H. 4.W: N. I3.g6%). 9: IR: 3350. 28I# 1620. 
IUI. I42O;ni ’ Z\IRI(‘IX’I,I 4 V-l ~O~m.Jv~nrl~cH1.‘.IO1~.4 

A soln of 9 (160 mg) m Ac,O (3 ml) was heated under retlul 
during I hr .Aftcr rcmobal of soheni lhc aceramide IO fl70mg; 
85%) had h.p. 120’ (0 I mm). m.p 54-56”. (Found: C. 76.95; H. 
X?6: ti. 6.29; bf W 2li 1448. C,.H,,NO requires: C. 77 3X: H. 

8.81; N. 645%. M.W. 217.1460 IR L%O. 2880. 1630. 144Ocm ‘. 
NMR (CU.): 4.% (hr 5. 4 vinylic HI; 6.70 (s. 4 CH,N); 7.95 (s. 8 
allyhc HI. X IO (s. 3 UKIj,). MS. M’ !l?(lOO). l-Jl?h~ If?i?!). 
160(10). 143(16). l2Y(26,. lzo(Cll. lI@l!) 

Prcparalion of II 
To a \oln of IO (I.1 p) m CCI. (50 ml) was added freshI> 

crysfalhrcd SBS (2 Og) and a trace of dibenzoyl peroxide The 
reaction was over after a rellux period of 20 min. After the usual 
workup rhc crude bromide was taken up m the dry DMF (20 ml) 
and the solution wa\ maint.uned at Ko: under N, ovcrnighr. After 

lbc usual workup lhe crude product was purified hy chroma- 
tograph) on a column of ha\ic alumina (grade I; 2Og) using 

chloroform (I). hcxanc (4). .An oil was obtained (4%) bum was 
unstable and should bc used al once (Found: M(.W. 213 1148. 
C,.H,,SO rcquucs: 213.1153). IR: 3000. 1640. 1450. 1420 cm ’ 
NMR cCIXl,{ 3.w4.67 (r\A’BB’. g dienic H): 6.15.6.45 (ABq. 4 

(‘l+:S. I - 1’ H/I. X(W) I\. 1 (‘(X’ll,~ MS \f’ 2l3161. 20.‘1241. 
IJIIWII. l~Yrlool 

.Wono~adduc-r I2a 

Immediate rcacuon occurs between II (22 mg) In 2 ml and PTD 
(I8 mg) in 2 ml. affording Ih. m p lY?-IW (EIOH) (Found: S. 
14.38. CI,H,N.O, rcquues. N. 14.43%). IR. _%O. 1770. 1715. 
IMO. 1500. l4lOcm ‘. SMR (CDCI,): 2.53 fs. 5 arom H): 3.30 cr.2 
vm)hc H. J = 3 Hz); 3.67-4.34 (m. 4 dzmc H); 5.13 (I. 2 CHN. 
J - 3 HI); 6.22.6.44 (ABq. 4 C&N. J - I3 Hz); 8.00(\. 3 UKH,,. 
MS. 2!?1!1). ?lV!l). 161(18). 14lf21). I2%%6). I28(100). 

His-adduc-r. Ik 
Immednrc reaction occur\ also herwccn II (I IO mg) in 2 ml and 

2 eq PTD (17s mg) tn 4 ml. )icldmp lh. m p ?4&!4?’ (EIOH- 
ether) iFound. S. I740 C,H:.S.O. rcquuc\. S. 1’42%) IR 

2920. 1770. 1720. 1650. 1500. 1410 cm ‘. NMR (CDCI,): 2.50 (I. IO 

arom H): 3.34 (I. 2 vinylic H. J = 3 Hz); 3..cO ft. 2 vinylic H. 

J = 3 Hz). 4.8G5.10 (m. 4 CijE;). 5.93. 6.47 (ABq. 4 C&N. 

J = I2 H?); 8.00 (s. 3 COCY,). MS. 227f3CL 161~100). 144Q). 

Prrparalion of I4 
Toa solnof 9(350mg)mTHF(! mljwasaddcd aqfl ml) NaOH 

(4OOmgl and I-bulylarrdoformale (350mg). Sftmng was mam- 

rained over&f at room temp. UK organic phase up.aratcd and 
lhc solvent removed The crude residue had h.p. 130” (0.1 mm). 
solidified after distillation (420 mg; 76%). m p 7R-8V. (Found: C. 
73 39: H. 8.82; N. 5.35; M.W 275 1894 C -H,.h’O, requues. C. 

74.14: H. Y 15; N. 5.0%; M.W. 275.1885). IR: 2%O. ?900. 1670. 

1630. l4ho cm ‘. NMR (CDCI,) 4.34-4.50 (m. \inylic HI. 6 83 Id. 
4 CIj:h;. J = 4 Hr): 8.00 (3. R allylic H): R.!O(s.QC’fClj,),) MS M’ 
27914). ~IY(IOOL 217(98). zocccn). 174(n). 1620). 15a33). 

14Sf6Q. 13oI26). l!lf!!). l2Of70,. llf!4lO. I&l.(Ih). 

Prrparafion of IS 

A\ for II using I4 (I.1 g). SBS (I.7 g), CU. (30 ml1 and catalyst. 

The crude hromidc analogcmu\l! obtained wa\ di\\olved in dr) 
THF (3Oml) and NaOMc (3.0~) was added After hcatmg under 

rcffux fN,J o\emrghl and rhc usual workup ~hc crude product was 
ditrilkd. h.p. 135’ (0 I mm). aflordtng slid I5 (450 mp; 40%). m.p 
67-6V II is no01 sfahk for long pnods. IR: 2980. I&IO. 1410 cm ‘_ 
SMR (CDCI,): 4.M4.67 (m. 8 dkmc H): 6.37 (hr s. 4 Cfj2N); X.53 

(s. ‘X’Uj,,,,. MS 232(1). !0%24~ I?R(lOO). 

Alone-adducr 12b 
Immediate reaction occurred between IS (27 mg) in 2 ml and 

PTD (IX mg) in 2 ml. affording crude product. puntied on a srbca 
plate usmg acetone Il):hcxane (3). Pure I2b had m.p. 207-209’ 
(dcc) (Found: C.6? 7C. H.6.N. C:,H,S.O. requue\’ C.67.25: H. 

5 87%). IR. 2Y30. 1760. 1710. 1400 cm ‘. SMR (CDCI,): 2.57 (5. 5 
arom H): 3 34 (I. 2 vinylic H. J = 3 Hz); 3 67-4.34 (m. 4 dlcmc HI: 
!.I? (I. 2 CYN. J = 3 HI): 6.26. 6.73 (ABq. 4 (‘I+:%. J = I! Hz); 

8.57(1.9C(Cij,),) MS 227(100). 162f25). 149141). IW26). 125f40). 
123041. 

Bis-adducr I34 
Immediate reactron occurred also between IS (27 mg) m 2 ml 

and 2eq PTD (35 mg) in 2 ml. affordmg I3b. m p. 234-236’ (dcc. 
acetone-i-propyl ether). (Found. K. IS.?!. C.,H,,N-0. require\: 

h’. 15.82%). IR: 3000. 170. 1720. 1500. 14OOcm NMR ~CDCI,I: 

2 50 (s. IO arom H); 3.34 (I. 2 \in\hc H. J = 3 Hr): 3.53 (I. 2 vmvlrc 

H. J - 3Hr); 4.83-s I3 (m. 4 (‘h.); h.OO. 6.50 (ABi. 4 Clj;N. 

J - I2 Hz); X.53 (I. YCfCfj,,,, MS. ?!?(X.c), l?7(30). 1lYfloO). 

Trcarmtnr o/ IS wirh actd 

(a) A soln of IS I I20 mp) in rrifluoroacctlc acid (4 ml) was surrcd 
at room temp. ovcrnrght. ‘The acid was removed at rhc water pump 
and rhe oily rcslduc di\tolved in CHCI, and washed with I M 

NaHCO,. After drying and removal of solvent fhc rcsduc was 
distilled af 8@ 10.1 mm) Two fractions were collec~cd al -?$ 

(40 mg) and ar - I8V (IO mg). Purification of lhc first on a column 
of ha\ic alumina (grade I. 38) usmg hcxanc afforded pure 

naphthalcnc. tdcnrical with an aulhcnlic \amplc. The second 
fracfion gave the timer If. an 011 identical with an authentic 

sample prepared by the hkralurc procedure.’ 
(h) A \oln of IS (50 mg) in dry ether (IO ml) was treated with 

HBr gas during Xmm. The ppl of OII) 16. which solidibcd was 

srahk and could be used IO undergo reaction with PTD 

Prrpararion of 13~ 

(a) HBr gas was hubbled into a soln of 13-b (I?0 mg) m dry ether 
(IO ml) during 8 mm. The precipitated sah. 13~ had m.p. !_%!31c 
fdcc) (Found: 227.0701 M.W.-C,.H,.N.O, (retro-D.A.).HBr 
requires: 227 0694) 1700. 1450cm ’ MS. 227(10). 190(10). 17!(48). 
15700). l45(48). II% IOn) 

(b) A sdn of I6 (50 mg) tn accromz (2 ml) was treated ut!h PTD 
(60 mg) m accronc (2 ml) affording after 30 mm reactton and 
removal of solbent crude \all whtch was tnturated wrth 
MeOH-cther; m p !?7-2?9” (dcc). identical wulrh I3c dcscnbcd 
abo\c h) mixed m.p. 228-!3@ (&cl and spcctroscoptcall) 
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Mono-odducr 19 
An rnsIanlaneous rcaclron occurred bcfwcen 18. kindly pre. 

pared hy Mr. Robrsch of rhe Lnivcrsrty of K&r (34 mg) in 3 ml 
and PTD (3s ma) in 3 ml. affording 19. m.p. 194-19s’ (bcnrenc- 
hexane). (Fwnd~ (‘. 73 26. H. s.91: V. I I 82. C,,H,.N,O, requires. 

C. 73.02; H. 5.55; S. 12 174) IR. 2940. 2X.50. 1780. 1725. 1615. 

l.(lO. 1415 cm ‘. NMR rCDCI,J: 2.57 (s. C arom HJ: 3.40 (I. 2 
vmylic H. J - 3 Hr); 3.9&I CO IAA’RR’. 4 dicnic H). C 23 (I. 2 
CHS. J = 3 HI). 8.00-8.67 (m. 6 CH,). MS. !7%I9). !?7CSr. 

167(37). l5OCl3). l4%100). 133423). ll%?!J. 117r20). I IWIO). 

lmmcdrarc rcacrron also occurred between I9 (I38 mg) us 4 ml 
and PTD (70mg) in 4 ml prymg 20. m.p. !SO-282’ (dcc, 
bcnzcnc-hexanc) (Found C. 67.12. H. 4.69; N. 15.119. MW 

S20.1848. C,H,,S,O, rcquucs: C. 66.91; H. 4.65; S. I6 I?%; 
MW 520.IR58) IR: 178s. 1730. 1615. 1510. 1410 cm ‘. SMR 

(CDCt,J: !.!O(\. IOarom HI; 3 430, 2 \rn)hc H. J 3 H7J; 3.600. 
2 binylic H. J 2 3 H1);4.9!-< 16rm.4 (‘YS):?.~.67(m,hC~,). 

MS M’ 5X(24). 227(U). 181~1001. 149(9). ll%l8,. 

.Uono-addncr 22 
lmrocdiarc reactron occurred between 21. kmdly prepared by 

Mr. Hobrsch of Kdln (35 mg) ad 3 ml and PTD (35 mg) m 2 ml. 
giving 22. m.p. IJ&lR?’ rbcnzcnc-hexancr after purifrcarion on a 
column of hasrc alumma (grade I. 3pJ usme, chloroform 

(I):hcranc (9). (Found C. 71.54: H. 5.93: N. II 80. C,,H,,N,O, 
requires. C. ?I 60: H. 6.09; N. I!.loLx) IR. 294O.?p?o. 178s. 1725. 

1620. ICI!. 1415 cm ’ NMR (ClX’I,): 2.50 (s. (arom t0; 3.40(1. 2 

vinylic H. J = 3 Hrl: 3 X3-4.07 (m . 2 vinylic HJ: 5.40 (I. 2 CHS. 

J : 3 Hz); 7.34-8.&O (m. IO CH,). MS. ?!7(1!). 16!(21). lzo(l93. 

I I9(100). 102(%). 

.Uono-addurr 25 
lmmcduk rcacrion occurred bcruccn 24. kindly prepared by 

Mr. Robisch of Koln (58 mp) m 2 ml and PTD (511 mg) in 3 ml. 
affording 25. m.p 1%l9? @cnzcm-hexant). (Found- C. 71.99: 
H. 6.49; h’. 12.02: M.W. 349 175s C,,H,,N,O, requires: c’. 72 IX; 

H. 663: N. 12039: M.W. 349 1790) IR: 2940. 2860. 1750. 1695. 
1400 cm ‘_ NMR (CIX‘I,): 2 53 (s. 5 arom IO; 3.50 (I. 2 bmylic H. 

J = 3 Hr): 5 4? (I. 2 CHN. J = 3 HI). 7.!&8.80 (m. I4 Cl&). MS 
M’ 34919). X7( 100). 1 I‘WL 

Rdncrion pnuedun 
(a) A soln of I9 (50 mp) in ErOAc (70 ml) was reduced al 40 psi 

using PIO, (8mg) during I hr. Removal of calalysl by filrrarron 
lhrough cellulou and removal of rolvcnl gave fhc perhydro- 

derivative 23. quantirarivcly. m.p 197-198 (bcnzcnc<rherJ. 
(Found: C. 71.69; H. 7.17; N. I2.04; M.W. 351.1935 C,,H,,N.O: 
rcquucs. C. 71 77; H. 7.17; N. Il.%?f; M W. 351.1946). IR: 2920. 

1775. 1710. 1615. I5l.C cm ’ SMR (CDCI,): X&2.63 (m. 5 arom 
HJ; 6.00 (br s. 2 CHS): 7.67464 rm. IX CH,J. MS. M’. 3Cl(lOOJ. 

!XuJ9). X7(7). 17400) 
(h) AnaJogous reducrion of 22 afforded 23. m.p. 194-I%‘. 

m m p. with above sample 19%l9’? and idcnrrcal spcc~ros- 
copicahy. 

(c) Analogous rcduchon of U afforded 2.3. m.p. I94-195’. 
m.m p with autbcnric sample. 195-196’ and idcnrval spcc- 

lroscoprcally 
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