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--Reaction of 1.2Jihydrophrhalic anhydride and xveral of its tmdc derivatives. I.!-drhydrophthalidc and 
1.2.dihydrophthalan with N-methyl- and h’.phenyl-l.!.Srriazolinc-3.5.dione affords IWO configurational famdlcs of 
Jdduc~s through attack from horh possible directions Major attack in the first three cas(s occurs mainly syn- IO the 
hctcro-ring but in lhe IWO latter cases unri- lo il. These rcrulrs may be cxplauwd by invoking stabilization of lhc 
transition state m OK former cases through ucondary orbital overlap and by simple slerK effects in the Ialter. 

For several years we have been investigating the reasons 
for the great selectivity in the attack of various 

propellanes containing cyclohexadiene rings by dieno- 
philes in general’ and by Cphenyl-l.2,4-triazoline-3,5- 
dione in particular.‘~’ These investigations have not yet led 

to an incontrovertible interpretation and are still in 
progress. In this connection we wished to determine 
whether similar bicyclic systems in which one of the 

propellane rings is absent and its place is marked by two 
cis-hydrogen atoms, also exert analogous control of the 

direction of approach by this very reactive dicnophile. 
Thus, compounds l-4 were available’ and 5 was 

prepared, albeit impure’ for purposes of comparison. 

4 5 

In the propellane series we had examples of imidcs 
analogous to I and IO 2 in that the third, 6-membered. ring 

which formally replaces the bridgehead hydrogcns in 
these compounds was either a cyclohcxadiene. a 
cyclohexene or a cyclohexane ring. Most of our 
experience, however. was with the N-methylimidc.‘.’ In 

the case of 3 analogous propellanes with the added 
cyclohexadiene ring or cyclohexane ring were studied.’ In 
all of these ca.ses we had attack exclusively on the side 
which is syn- with respect to the CO-containing ring. II is 
these findings which caused us to propose the thesis of 
secondary orbital overlap (kindly sorted out by Prof. H. 
Gkiter of T. H. Darmstadt) between n* orhitals of the CO 
groups and an n unsymmetric combination of the lone 

pair orbitals of the dienophiles, causing stabilization of 
this particular transition state as compared to that which 

would obtain, if attack occurred from the side anti- to the 
carbonyl-containing ring.’ Thus, u priori, on the basis of 

this thesis we should expect, at the least. more syn-attack 

(with respect to the carbonylcontaining ring, i.e. more 
anti-attack with respect to the bridgehead hydrogens) in 
compounds l-3 as compared to 4 and 5. The table shows 

that this expectation was indeed fulfilled although the 
relative yield of syn- and anti- adducts for the various 

substrates 1-3 varies. In the case of 5. albeit hampered by 

impure starting material. only one adduct was isolated and 
though it is possible that the other isomer formed as well 

WC are certain that the latter would have been isolated had 
it been formed in significant (~2-3s) yield. 

In the attack of I, 2 and 3 by either the N-methyl or the 
N-phenyl dienophile. more sy-attack occurs (with 

respect to the heterocyclic ring). In the attack of 4 and 5 
more an&attack occurs. i.e. attack occurs overwhelm- 

ingly from the side sy- to the bridged hydrogens. 

For 1-3 we should expect relatively little. if any. stcric 
hindrance to attack from the side spn- to the heterocyclic 

ring or. in fact, from the side anti- to it. The bridgehead 
hydrogens too should exert very little, if any. hindrance to 

attack from the side spn- to themselves. For this reason 
we do indeed get relatively to the propellanes WC have 
studied, a great deal of attack on the side anti- to the 

heterocyclic ring (i.e. sy to the bridgehead hydrogens). 

For 4 and 5 the same steric situation holds for attack 
spn- to the bridgehead hydrogens but for attack syn- to 

lhe lactone or ether ring. not only is there less or no 
possibility for secondary orbital overlap between attacker 

and attacked but we must add to this the steric hindrance. 

Tahlc I. Relative % yields of products of hicyclic d&es and 
Csubsli~uted- I2.4-triazoline-3Jdiones 
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opposing the a1tacker. which is exerted by the hydrogen 

(in 4). hydrogens (in 5) in the CH? group(s) within the 

hetero-ring. Both of these effects. the absence of 

stabilization through overlap from the CO groups and the 
totality of steric interactions cause attack IO occur 

overwhelmingly from the side anti- to the hetero-ring. In 
fact we have adducts of 5 which belong only to the onfi- 

family. 
The reaction scheme shows UK interrelations between 

the various mono-adducts in both configurational families. 
Thus. in the syn-series which preponderates in the cases 

1-3 for both the N-methyl and N-phenyl dienophiles, 
alcoholysis followed by bromination leads IO a dibromo- 

acid-ester and it is the formation of a bromo-lactonccster 

from llb rather than from 101 or lob which proves the 
relative configurations of the anhydrides 10 and 11. 
Clearly then. Ur. &. MI and 121 and b are of the same 

contigura1ional family as 100 and b. The logic imposed, 

dually. by symmetry and by chemistry, requires that 1JI 
and b. 14r and b and 111 and b k members of the same 

configurational family. 
We must therefore conclude that the thesis deduced 

from the UK of propellanes as stereochemical models 
appears 10 be applicable also IO the simpler bicyclic cases 

described herein. 

IR rpdra were measured on a Pcrkin Elmer model 257 graling 
spectrophotomc1er. NMR spectra wcrc measured on a Varian 
T44l spectrometer. Mass spectra were measured on a Varian 71 I 
spec1rometer using he heated inlet system at 200”. The ekctron 
crxrgy was maintained at IOOeV Only the major fragments are 
listed. All m.ps are uncorxc1cd. 

Reaction o/ dime3 with Cphtnyl- 1.2.4rria:olinr-3.~-dionr 
(a) A sotn of he dirnopbik (49 mg) in CH,CI: (5 ml) was added 

IO a soln of l(42 ms) in CH,CI, (5 ml) at room 1emp. The reaction. 

lb: K=Ph 
b: RzMe 

8s: K = Ph 
b: R-Me 

Br 

12~ R = Ph 
b: K=Sk 

13m: K - Ph 
b: R=Me 

Ila: R - Ph R = MC 
b: R=Me R’ = Me. El 

14~ R = Ph 
b: R=Me 



ReacIion of h~cychc dlenc\ wiIh 4-subcIiIuIed-I.2.4-Iriarolinc-3.~dmnc~ 1.U7 

as evidenced by ~mmcdiarc dlschargc of Ihe red color i\ 

insrantaneous. The producls (87 mg; 95%) prccipilared from soln 
and were removed by IilIraIion and fraclional cry\lallizaIion wa$ 

conducled in acelone 
The adduct b was ohfamed as Ihe produc1 insoluble In ho1 

acelone (41 mp: 47%). m.p 339-m. lf+nmd: M W. 324.(#1!0 

C,.H,,h’.O. require%: M.W. 324.08CXl IR (CHCI,): 1780. 
17lOcm ’ h’MR (CDCI, * TFA). I 2 SOlm. 5 arom H). 3 1.C (I. 2H. 
vinylicl: 4.35 (hr. 2H. (‘IjN). 6 5’ (m. 2H. C’ljC*=O) MS M(’ 
324(V); 227(100~; llW40); 9lflO) 

AdducI 7r (46 mp; 535%) had m p 337-33F (acetone) (Found: C. 
Cll.67; H. 3 43; N. I7 30. M.W. 324.0x_%. C,,H,J.O. requires C. 
59.26; H. 373. %. 1728%; M.W. 324.0858 IR(KHrl: 3390, 1780. 

170~.14oC cm ’ SM(K lCL)(‘I, - TFAl. r 2.55 (5 arom H). 3 2 (m. 2 

vinyl& H); 4.30 (m. 2H. CljN); 6.15 (m. 2H. CfjC=O). MS %I’ 
32Y27): 227llOO). I l%!hl; 9lllO). 

(b) A \oln of lhe dlcnophik (82 mg) In CHJ’I, (IO ml) wa\ 

added IO 2 (68mpl In (‘H,CI~ The reacrion ua$ msIanIaneou\. 
Afler cvaporahon of <olvenI the rcxiduc (17X mg) wax cxIracIcd 

wlIh benzene .AdducI & did no1 di\5olvc. Aflcr purificarion on a 
preparafivc silica plate (123 mg; 94%~. clulion wrIh acelone (2): 

heranc (I). L had m p. 239-2s (benzene) (Found: C. 6.C <X: If. 

3 89. 9. 14.14; M W. 400 1155 C,zH,.N.O. require5 C. 65.99; H. 
4.03; N. 13%; M.W. 400.117ll IR (CHCI,). 1780. I72Ocm ‘, 
NMR lCfX’I,l: I 2.55 (hr. 5 arom HI: 3.30 II. 2 vmylic H). 4 50 (m. 

2H. CHN); 6.70 lm. ZH. CHC=O). MS M(’ 4O@Ml: 227llOO). 
Add&I h ua$ “blamed- from ~hc benrcnc-soluble portion 

I’urIhcaIion as abo\c on a prepararivc rdica plate afforded the 
analytical sample (9 mg; 6%). m.p 3llL319’ (acetone). (Found: (‘. 
64.77: H. 3 90: N. 14.04: M W 400.1199l. IRlKRrl 1780. 

17OOcm I NMR (CLX’I,): - 2.50 (hr. IO arom H). 3.30 (I. 2 vmylic 

Hl; 4.45 (m. !H. Cljh’l: 6.2U lm. !H. CljCO). MS M’ 400140; 
227~100~: I I9(30. 

(h) Dicnophik 165 rnR) in CH,CI, (IOml) wti added lo 2 

(I I7 mgl In CHJ’I, (IC ml). The mslanlancous rcaclron afforded 
Ihe crude producl (I97 mgl afler cvaporalmn of solveni. This was 

Iaken up in benzene 8b wa’r soluhk and 9b wa$ insoluble (9 mg: 
S%). Chromarography of 8b on a preparalite rilica plalc using 

acetone (2): hcrane (1) a$ cluan1 afforded mare& (I72 mg; 955%) 
of m.p !69-27(r (benzene) (Found: M.W 338.lOll. C,-H,.S.O. 
requires 33X.1014). IR (CHCI,): 1780, 172Ocm ‘. NMR (CDCI,): 

7 2.600 arom Hl. 3 40(1.?vmylic H).4.60lm.?H.C~N);6.8J(m. 

!H. CH(‘0). 7.00 (5. 3H. SCtj,,. MS M’ 33R(l8); 16C(lOO) 

lc) A soln of dknophdc (I IX mpl m CHCI, l!! ml) wa% added IO 
a \oln of 3 (IO1 mg) in CHCI, (25 ml) AfIer in\Iantancouc reacrion 

the producl precipiIaIcd (I96 mg. 90%). II was Ireared wiIh hodIng 
ElOAc whereupon the major par1 drr\olved (I !O mg). slifl leaving 
an inwlublc fracrion of Ils. Ralio of 101. Ilr 15 2. I from NMR 
dala. 

The ad&cl Vb by similar chromalographic purificaiion had m.p. 
M%307e (acetone) (Found: M W 33&1017l IR (CHCI,): lfoo. 
l72Ocm ‘. NMR (CDCI,): I 2 !O (5 arom H); 3.40 (I. 2 vmylk H); 

4..V lm. 2H. CfjN): 6 30 fm. 2H. CfjC’Ol: 6 95 (s. 3H. Nt’lj,) MS 
51’ 33&37l; 165(100). 

The adduct I(r was crj\IallIzcd from the \oln. m p 269-270’ 
lEr0.A~). (Found. C. 59 3.C: If. 3.10: N. 12.76: M W 325 0710. 
<‘,.H,,N,O, requires. C. C9,OX; H. 3.41: N. I! 9%; M.W 
325.0698). IR (CHCI,): 1870. 1790. IilOcm I NMR (CDCI,): 

7 !.Jo(br. 5 arom H); 3.lOfl. 2 vinllic Hl: 4.3Ofm. 2H.CljNb.6 30 
lm. 2H. (‘ijC=O). MS M(’ 32((39); 227lloOl. ll9f32). 

(cl Dienophilc lC9 mgl in CHCI. (IO ml) was added IO 3 (75 mg) 
m CHCI, (IOml) AfIcr m\IanIaneou\ rcaclron crude producl 
prcclprIaIed (lob; &d mp). EvaporaIion of solven1 from the morher 

liquor followed by IriIuraIion wIIh (‘LX’I, gave Ilb f3R mgl. Ratio 
of lob- Ilb IS 2. I from NMR daIa 

Adducl Ilr wa\ in\oluhk in bmhnp EIOAC. m p 282-283’. 
(Found: C. 57.99: H. 1.42; S. I2 i3: M.W. 325 0698). IR (CHCI.) 
1870. 1790. I7lOcm ‘_ NMR (CDC‘I, + TFAI. 2.40 (hr. C arom H): 

3.10 (I. 2 vin)lic Hj; 4 30 Im. 2H. (‘HN). 5 90 fm. 2H. CHCO). MS 
M’ 32((V): 227( lOa,. I IWC6) 

The adduc1 I(b had m.p. 23L2U”ldr) C.H.) (Found: C. 49 22: 
H. 3 I I, 5. 15.97; M W 263.O.US. (‘,,H.h’,O, requires: C. (0.19; 

H. 345: N. lC974. M.W. 2630542). IRfKRr). 1840. 1730. 
17OOcm ‘. NMR (CDCI, - TF.4): 7 3.30 (I. 2 vinyhc Hl; 4 3C lm. 
2H. CljE;); 6 3’ lm. !H. CHCOl; 6.8s ls. 3H. SClj,). MS M’ 
26U22). IhVlOO). 

Id) A suln of dienophik (187 mgl m CH:(‘I: (30 ml) wa\ added 
IO omz of 4 l?Umg) in CH:CI, (3Oml). The reacrion ua\ 
insIanIaneous. EvaporatHm of \olvenI afforded Ihc crude reaction 
producr (422 mg. 100%) II ua\ Ireared uiIh chloroform in which 
Ihe adducr IZI diswlvcd (54 mg. 12%). The adduc1 IJ1 (36H mg; 

REQ) was inu)lublc Evaporation of the chloroform afforded crude 
IL. II had m p. ?IL!lY (bcdlene) (Found M.W. 3IIo119R 

C,.H,,N,O. rcqurrc$. 311 0900. IR ((‘HCI,): 1780. 172Ocm ’ 
NMK l(‘M’I,l. I 2 CC l\. 5 arom IO. 3.35 (I. 2 \inylic H): 4 6( lm. 

IH. Cljh‘l; .(.I0 lm. IH. Cfjh’). 5.40 lm. !H. (‘lj,Ol; 7.00 (m. !H. 
Cfj.UjCO). MS M’ 3llf20): !27#7): l77clOO); 16Cll6l: ll9(100). 

The adduc1 Ilb had m.p. !?b?!R lIri1. CDCI,). (Found. C. 
49.83; H. 3.17. N. 16.01. M.W. 263.0538) IR (CHCI,). 1840. 1740. 
I??Ocm ’ NMR (CDCI,): r 3 40 (I. 2 vinylic H); 4.3s (m. 2H. 
(‘Hh’l. 6.1s lm. 2H. CljCOl: 6.95 (5. 3H. NClj,l. MS M’ 26308); 
l6V 100). 

ldl Dicnophik fl53mgl in CHCI, l3Oml) wa\ added IO 4 

(II3 mgl m (‘HCI, (30 ml). The NMR spectrum of Ihe crude 
mixlure obtained afler the inslaneous reacfion appeared IO be IhaI 

The adduc1 13~ had m.p. !%m?VV (MeOH). (Found. C. 61 06; H. 
427: S. l3.V. h1.W 3IIO930 IR (CHC1.l. 1770. IilCcm ’ 
SMK (CCX’I, + TFA): I 2.4‘ (5 arom H). 3.15 (I. ? \tnylIc H). 4 45 

fq. IH. CHSl; 4.65 lq. IH. (‘IjNk 5.33 (q. IH. (‘l&O): C.Yg (dd. 
IH. Cfj>O,. 6 30 ld. 2H. CfjCO, MS 31 If!!): 227tIOO). I lq29). 

of a \inplc producr hu1 fraclional crysIallizaIion afforded Ihe less 
\oluhlc I2b (I3 ml: C%,), m P. 23%236” fbenrencl A nurcr umnle 

was obIained by- reducI& of IO (WC below). (&und: W.‘W. 

249.0769) IRlKBrl: 1760. 1700cm ’ MS. M’ 249fIO; 16SllOO) 

(UC below). The major product 1% (253mg. 9%) had m.p. 
l9&19?c (benzene) (Found: C. S2.76; H. 4 33; N. 17.12; M.W 

2490760 C,,H,,S,O. requires C. 5301: H. 4.45: N. 16.86%: 
M W 249.07COl IR lCH(‘I,l, 17X0. 172Ocm I NMR (CIX:I,). 
I 3 4Ol1.2 vmyhc HI:4 7Ofm. IH.UjN):4.90lm. IH.CljN); 5% 

(m. IH. Clj,O); 6.00 (m. IH. Uj,Ol; 6.(0 lm. 2H. CIj. CljCO): 
6.9s Is. 3H. SQI,, MS M’ 24W28): 165 (100). 

(cl A soln of denophik (48 mp) in CH:CI, (IO ml) was added IO (cl Dknoghile (47 mgl in (‘H,CI, (IOml) was added IO crude 5 
0~ of impure 5 (66 mgl in CH,CI, (IO ml). Aficr rhe insIantaneou5 (104mgl in CH,CI, (2Omll. After similar workuo IO IhaI of the 
reaclion Ihc \&en1 w&s removed and the rc5ldu.c wa\ cxIracIed 

wlIh hcxanc and the heaane.msoluhk maIcrial (74 mp) wb\ 
N-phcnyl analog a singk adduc1 14b was ob1ain;d (7X mg: 48%). 
m.p. Il!&181r (ElOAc-hexanc) (Found: C. (5.91; H. (42; N. 

chromalographed on a prcparatrve silica plalc. cluIion wiIh CH(‘I, Ill 07; M.W 23~0950. (‘,,H,,h’,O, requires: (‘. 56.16; H. !.!7; N. 
Onl! ot+t dduc~. I&. ~a\ IsolaIed. m.p. ?lG?IP IcIhvl accIaIe) 
(Found: C. 64.35. H. 4.76. S. 14.22. ti W. 297 IO94 (:,,H,,N,o, 

17.86%; U.W. 2350957). IR (CHCI.) 1760. 17lOcm ‘. SMR 

rcquirer. C. 6463: H. 5 09. S. I4 14%. $4 W. _W 1113). IR 
ICDCI,): I 3% (1. 2 vinylic H): 5.10 (m. 2H. CljS): 6 C&6.60 (m. 

(CHCIJ: I?bo. 1710. lO!Ocm ’ SMR (C1X:I.l I 2 (0 (q .crom H): 
QH.C‘lj,O): 7OOlt. 3H. NClj,l;7.00lhr. 2H,CH). MS M’ 23.((99): 
i6CI loo). 

3.45 (I. 2 vinylic H): 5.00 (m. 2H. C~S);6.o(M.60 (m. 4H. C&O); 
6.90 (m. 2 Clj). MS M’ 297(D); 2?7flOO); 119(M). 

Rruction of dkncs with Cmrrhyl-12.drriaxolinr-3.S-dionr 

(a) Dknophik (53 mgl in CHCI, (IO ml) wa added IO 1 (83 mg) 
In CHCI, (IO ml) a1 room Icmp. Afler in$IanIaneous rcacIion 1he 

producr mixture prcclpitakd Separatron was effected by 
chromalography on prcparaiive silica pIales using acetone I!): 
herane (I) a\ eluant. 

Adducr Q (53 mg; 52%) had m.p 26126S”(accIone). (Found. C. 
!0.33; H. 3 41: S. 21.43; M.W. 262.0708. C,,H,,N.O, requires: C. 
50.3X: H. 3 RJ; h’. 21.37%; M W 262.0712). IR (KBr). 3380. 1760. 

1700cm I NMR (CIX’I, + TFA): T 3.30 (I. 2 vinyhc H): 4.50 (m. 

2H. CfjS); 6.6? fm. 2H. CljCO); 6.90 ls. 3H. SCU,). MS M’ 
!62(14); l65( 100) 

Adducr 7b I48 mg; 48%) had m.p. 2%D’P (acelone) (Found: C. 
(0 IO; H. 3.75: N. 21.45; M.W. 262.07061 IRfKBr): 33Ro. 1760. 

1700 cm ‘. NMR (CDCI, - TF.4). I 3 3C (I. 2 vmyhc Hl; 4.40 lm. 

!H. CHN): 6.20 lm. 2H. CHCOl: 6.90 (5. 3H. NCH.1. MS M’ 
262( 12): 16SllOOl. 
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Intcrrtlarronr 01 IXeb- Aider adducts 
(a) A win of IL In aniline was allowed lo slad o\ernighl al 

room Iemp and the CXCES\ aniline was rcmo\cd in a high vacuum. 

Tht residue afforded 8a exclusively. m.p. 23123P (ben~nc) 
i&Gal with 8 described abve by m.m.p. and spccIroscopically. 

(b) Anhydride 181 (2Omg) was meIhanolyzcd by r&x in 

McOH (IO ml) for I hr. The insoluhk half erler was dissolved in 
water (5 ml) and Br, was added with slirring unIil he soln rcmaincd 

yellow. Stirring was continued for 90min and the whole was 
ex~raclcd wIIh CH,CI, and the solvent removed. 

The dibromo-half methyl EPICI exhibited the followmg spectral 
data. IH (CHCI,); 1780. 17lOcm ‘. NMR (CDCI,): I 2.40 (5 arom 

H): 3 70 (CO,y. disappears in D:O); 4.90 (2H); 5.40 (2H); 6.25 
(!Hl. MS (M’-M&HI. 486QOl; 4&4(38); 483(13); 482(173; 4Rl(7): 
kl3i7); 41 I&); 334(483; 332(W); 227(loOl: 214(13); !l!(lI): 19X(3(3?); 

19y38). 
(c) Anhydride Ilr (Mmgl was mcrhanolyzcd as in (h). 

Evaporafion of sol\enI afforded an oil NMR (CDCI,): I 2.50 (5 

arom H); 3 30 (m. 2 vinylic H); 4.70 (m. 2H. CHN). 6 20 (m. 2H. 
CYCO): 6.35 (s. 3H. OCli,). Brominarion as described in (bl 

af?orded a neutral compound which had oo free CO,H bu1 was a 
bromolactone-meIhyl &Icr. IR (CHCI,): 1770. 172Ocm ’ (5. 
memh. lactonc. urcidc). NMR (CDCI,): I 2.35 (5 arom H). 4.90 (2H. 
CljN); 5 906.30 (2H. CYBr; 2H. CUCO; 3H. OClj,). 

Ethanolysis of Ilr gave an oily half clyl eskr. NMR (ClXI,). 

I 2.5015 arom H): 3.30(1.2 vmvlic Hl;470(m.?H.CHE;); 5.8O(q. 

2H. o&j,CH,); 6.25 (m. 2H:CYCO): 8.7s (I. 3H..OCH,Cij,j. 

Analogous hrominaIion gave a bromolacronc eIhyl eskr. IR 
(CHCI,): 1770. 1720 (5 mcmb. IacIone and ureide). 1410 cm ’ MS 

(M’-Hr). 370(17); 324(95): 3OIX9); 298(8); 2%4X); 25649); 227(12); 
177(183; I5I(27); 119(lOO). 

(d) Anhydridc 101 (30 mg) was reduced wiIh LAH (25 mg) in 
THF (20 ml) a1 -55’ during 2 hr.’ after JcidihcaIion and tilfrarion 

1hc aqueous molhcr liquor was evaporaled IO dryness and Ihe 

residue was Iakcn up in chloroform The NMR spectrum showed 
1hc presence of Ihe lac~onc IZI lsolarion gave the crude sample. 
m.p 210” which was idenIlcal with the compound described 
above. 

(e) laclone lh (13Omg) was Ireared with LAH (IOOmg) in 
THF (25 ml) a1 room Iemp. for 40 hr. Afler Ihe usual workup and 
cxrraction with CH,CI, a further was obtained showing in the IR 

bands a1 3403cm ’ (OH) and 1770. 17OOcm ’ (imide). This was 
dissolved in Iolucne (25 ml) and the solurion was heated under 

r&x for 8 hr in he presence of p-Ioluenesulfonic acid. AfIer 
removal of the acid and cvaporalion of lhc solvenl chroma- 
Iography on a preparative silica plate using CHCI, as eluanl. 1hc 

producl IC was obtained. m.p. 217-?I’? (EtOAc) idcnlical IO I6 
described above by m.m.p. and spectral data. 

(f) The anhydride Ifi was added IO an cxces\ of NH.OH 

(cont.), allowed IO sIand for I hr a1 room temp. ~hcn healed under 
redux for 2 hr. Afler evaporaIIon IO dryness the IR spectrum of 

Ihe crude producl (35 mg) showed Ihe presence of crude and 
ring+pcned produc1 (acid-amide). Afler separalcon on a pre- 

parat~vc silica plate using acerone (2): hcxane (I) as eluant Ihc 
imide (b. m.p. 2be265’. was obtained (I I mg; 372). idcnlical by 

m.m.p. and speceoscopkally IO rhc product described above. 
(g) The anhydride lob (35 mg) was dissolved in aniline (2 ml). 

Ihe whok was allowed IO srand overnigh and rhc excess aniline 
removed in a high vacuum. The crude product (4Omgl was 
chromaIographed on a preparative silica plaIe using acelone (2): 
hexanc (I) as &ant. The product had m.p 26&2690 and was 
irknlical by m.m.p. and spectroscopically IO Ib described above. 

(h) Anhydride lob (30 mg) was methanolyzd by heating under 
r&x in McOH (IOml) for I hr. After removal of solvenl 1hc 
hygroscopic half meIhyl e$Ier was obtained (31 mg). Triturarion 
wilh dry benzene gave rhc pure marerial. m.p. IILI IP. SMR 
(CDCI,): I 3.35 (I. ? rinylic H): 4.70 (m. 2H. CljS); 6.25 (s. 3H. 
OCJj,); 6.85 (s. 2H. CtjCO,; 7.00 (s. 3H. NCY,). MS (M’-McOH). 
263(40); 165(100). Erhanolysis gave rhc haJf ethyl esler. m.p. !I(P 
(1n1. CHCl,-EIDH). NMR (CLX’I,): I 3.40 (I. 2 vmylic H); 4.70 (m. 
2H. Cut+; 5.70 (q. 2H. OC&CH,); 6.95 (s. 2H. CljCO): 7.00 (s. 
3H. NCtj,); 8.70 (I. 3H. DCH,Cu,l. 

The dibromo-half mcrhyl esIer was oblaincd by Irearing an aq 
(IO ml) solulion of rhc half meIhyl ester (35 mg) with Br, (0 ! ml) 

unIil rhc yellow color pcrsisled. Afler trlmng for 45 min a1 room 

Iemp . exIracIIon wIIh CH,CI, and removal of solvent aJTordcd 
crude produc1 (39mg). II had m.p 25&25I” (bcnzenc) JR 
(CHCI,): 35@J (br. (‘O,Hl. I770 (sh). 17OOcm ‘. NMR (CDCI,): 
I 3.00 (CO&f. disappears in D,O); 5.00 (2H. CySl; 5.40 (2H. 

CYBr); 6.30 (JH. OCH,. CHCO); 6.90 (s. 3H. SCY,). 
(i) Anhydride Ilb (2Omg) was healed under rellux in MeOH 

(IO ml) for I hr Removal of solvcnr afforded lhe half merhyl eslcr 
(I8 mgl. Triturarion wIIh dry henzcne gave hygrorcopic malerial 

of m p l63-If&. (Found. M W 295.oRl7. C,,H,,h’,O. rtquues: 
295.0830). NMR (CDcI,l: T 3.40 (I. ? vinylic H); 4.75 (m. 2H. 

CljNl; 6.30 (s. 3H. OCH,l; 6.35 (2H. CHCO); 695 (s. 3H. NCY,). 
MS $4. 295(6): 263(16); 16X100). Elhanolys~s gave rhe half eIhyl 
ester. m.p. 239-!r(p. NMR (CDCI,): I 3.40 (2 vinylic Hl; 4.75 (m. 

2H. CHN); S.l?KI (q. 2H. OCH,CH,); 6 30 (m. 2H. CJjCO); 6.95 (I. 

3H. NClj,l; R.75 (I. 3H. OCH,CH,). 
Tbc bromolaclonc-melbyl ester was obIaincd hy brominalion as 

above of ~hc half meIhyl c\fer (30mg) in aq (IO ml) solulion. 
Similar workup gave crude producl (33 mg). Cryslallizalion gave 

Ihc pure produc1. m p 2&234 (bcnrcne) IR (CHCI,): 1775. 
17lOcm I. tiMR (CDCI,): 74.7&5.X (4H: 2 CYN. I CJiBr. I 
CYO); 6.20 (s. 3H. OCY,); 6.50 (m. 2H. C&O); 6.90 (s. 3H. 

NCij,). MS M’ 37946): 373(47): 26504): zSI(I5); 249Il6); 
l&((loo). 

The bromo-IacIom erhyl esIer was ohraincd similarly as a gum. 
(Found: M.W. 389.0037. C,,H,.h’,O.Br requires: 389.m). MS 
M(’ 389(m); Un(25,; 308(ll); 262(61); 244(ll); 236(9); lf9(5); 

177(S); 16x29); l3Wl6); 127(ll); 115(100). 
(j) Anhydride IOb (37 mg) was reduced as described above for 

IL using LAH (30mg) a1 -5X. After analogous workup. 

cvaporalion of Ihe chloroform gave the IacIonc IZb (24 mg). m.p. 
261-263” (bcruenc). (Found: C. 52.80: H. 4.65; N. 17.09: M.W. 
249.0731. C,,H,,S,O. rcquucs: C. 53.01; H. 4.45; X. 16.86%: 

M.W 249.0749). IR(KBr): 1760. 17OOcm ’ h’MH (CDCI,): T 3.40 

(I. 2 vinylic H); 4.70 (m. IH. CljN); 5.15 (m. IH. CUN): 5.40 (m. 
2H. Cy,O); 7.00 (br. 2H. C’ljCO); 7.00 (s. 3H. SClj,). MS M’ 
249(21); 16J(loO). 

(k) ReducIion of l3b (l2Omg) wiIh LAH (IOOmg) in THF 
(25 ml) during 40 hr a1 room Iemp. followed by he usual workup 
as described above under (e) gave afrer ChromaIography and 

crysIallizaIion (BOAcl malerial Identical IO Mb. 
Reaction of 2 wid S~phm,v/malrimidr A mtxlurc of 2 (225 mg). 

dienophile (173 mg) and bcncene (IO0 ml) was healed u&r reflux 
for Shr. A producl prccipilalcd (39Omg; 97%). m.p. >3l(P. 
(Found: C. 71.82; H. 4.3!; N. 7.18; M.W. 398.1249. C,.H,.N,O, 

requires: C. 72.35; H. 4.55; S. 7.039; M.W. 398.1266). IR(KBrl: 
1775. 1710. l38Ocm ‘. NMR (CDCI,): I 2.50 (hr. IO arom H); 3.50 

(I. 2 vinylic H): 6.00 (m. 2 CH); 6 80 (m. 4 Cy). MS M’ 398(100): 
173(U); 129(E): ll9I45). 

From ~hc moIhcr liquor was ohIained Ihe isomeric adducI(9 mg; 

2.5%) (configurallons no1 proved); m.p. 12&l!l’ (benzene). 
(Found: M.W. 398.1271). IR(KBr). 1770. 1720. 138Oc.m ‘. NMR 
(CDCI,): t 2.50 (br. IO arom H): 3.40 (I. ! vmylic H); 6.10 (m. 2 

Cu): 6.85 (m. 4 Clj). MS M’ 39X(100); l7W49); 129(13); 119168). 
Rcacrion of 3 with h’-phenylmakimide. A mixture of 3 (90 mg) 

wiIh dicnophlk (IOlmg) in benzene (50ml) was heated under 

r&x for 5 hr. Tbc product (60 mg; 31%) precipiIaIed on cooling. 
m.p. >3C@. (Found: C. 66.84; H. 3 81; N:. 4.34; M.W. 323.07%. 
C,.H,,SO, requires. (‘. 66.87. H. 4.05; S. 4.33%; M.W. 323.0793). 
IR(KBr): lg50. 1775. 1700. 139Ocm ‘. NMR (CDCI,. TFA): I 2.50 
(br. 5 arom H); 3.SO(m.2 vinylic H);6.00(m.ZClj);6.50(2.4Clj). 

MS M’ 323(lOOl; 17W42): 13U24); llW32). 

‘M. KoraI. D. TaIarsk) and D. Ginsburg. Trrmhedron 28. 2315 
(1972). 

>‘C. AmiIh and D Ginsburg. Ibid. 30, 3415 (1974); ‘Z. Bernslem 
and D. Gmshurg. Hefenxy/es. in press. 

‘B. Fuchs and G. Scharf. 7’rrrahedron in press. 
‘B. Fuchs, unpublished results. 
'1. KaJo and D Ginsburg. unpublished results. 
‘I Kale. E Vogel and D. Ginsburg. Tetmhedran in press. 
‘1. 1. Hloomficld and S. I. Lee. I. orlp Chem 32. 3919 (1967). 


