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Abstmt-The action of Nhromosuccinimidc on adducts obtlined by DieIs-Alder reaction of bcnzd@phlhalazin- 
l.ddionc with suhstltuted 1.3~bu~adicncs is reporrd. LMIerent additcon or substrtution products are formed 
depending on Ox solvent and reactron conditions. The stereochemistry of the most interesting among tksc compounds 
has been studied. and a possible mechanism for their formation is proposed. 

In recent years we have investigated tk possibility of 

synthesizing diaratetracyclic compounds referable to 
tetracyclinec of known activity. In the course of our 

work. diazatctracyclcs with the nitrogen bridge situated 

either ktwecn rings B and C. or C and D. have ken 
prepared,’ tk latter king obtained by Dicls-Alder rcac- 

tion of bcn4otg)phthalaz.m - 1.4 - dionc’ with diencs 
such as 1,3-butadicne, isoprcnc and 2,3dimcthyl- 

butadicnc to give adducts la-c (Scheme I). two of which 

(Is and lb) have ken described previously.’ 
Now, we are interested in the introduction of reactive 

atoms or groups into ring D of tkse adducts. The 

present paper deals with the results obtained by trcat- 

ment of la-c with N-bromosuccinimidc (NBS). This 

reaction has ken shown to k very sensitive to tk 
experimental conditions employed. different adduct 

derivatives resulting depending on the media in which 

the reaction is carried out. In an aqueous medium or a 
non-polar solvent. like knrenc. only addition to tk 

double bond is observed. However. in a more polar 
solvent. like tk chloroform-ethanol mixture. we assume 

that the reaction involves an allylic substitution with 

rearrangement of the double bond in a first step, fol- 
lowed by addition. as can k deduced from tk stcrco- 

chemistry of the compounds obtained. 
Results observed in tk diverse reaction conditions 

employed arc reported below. 

(a) Acid aqueous medium. Treatment of tk Dicls- 
Alder adducts la-c with N-bromosuccinimidc in an 

aqueous suspension containing some drops of sulphuric 
acid as a catalyst affords, respectively, tk bromhydrins 

2nd. as would k expected (Scheme 2). 
In the reaction of compound lb. with a double bond 

unsymmetrically substituted. the two possible isomers 

(2b and 2c) are obtained, in a ratio of approximately 3/2. 

Both isomers arc easily differentiated by their ‘H NMR 
spectra, measured in dimethylsulphoxidc solution. The 

methyl group of 2h is dcshiclded (6 = 1.92 ppm) with 

respect to the same group in 2c (6 = 1.52 ppm), because 
of the great inductive cflcct of the ncighbouring bromine 
atom. Moreover. the -OH signal of tk 2c isomer is a 

singlet (6 = 5.85 ppm), while in 2b the hydroxy proton 

gives a doublet (8 = 62Oppm) with a coupling constant 

of Jrna, = 4 Hz. The DMSO-OH bonding allows ob- 

servation of the spin-spin coupling ktween the -OH 
and the proton of the mcthinc group adjacent to oxygen. 

this proton king absent in the 2c isomer. 
(b) Hcnzene solution. Tk reaction between adducts 

la-c and IV-bromosuccinimidc in benzene containing ca- 

talytical amounts of knzoyl peroxide gives, after 2 h 
rcflux, the brominatcd derivatives 3a-c (Scheme 2). 

Since conditions employed arc strongly favorable to a 
free radical mechanism, allylic substitution should take 

place. Instead, only addition of two bromine atoms to tk 
double bond is observed. It seems that the withdrawing 

carbonyl groups destabilize tk allylic free radical. favor- 

ing addition to tk double bond. This preference for 
addition against allylic substitution when withdrawing 

groups arc present in the reacting compound is well 

known. a characteristic example king that of 3-sul- 

pholcnc. in which the sulphonc group effect causes only 

addition products to k formed in its reactions with SBS.’ 
(c) Chhr,form-dhcmol solution. Treatment of tk bu- 

tadicnc adduct lc with NBS in chloroform containing I% 

ethanol and a catalytic amount of knzoyl peroxide 
affords. after a 2 days r&x. a new compound in a 41% 
yield. 

Unexpectedly, this compound has ken shown to have 

the structure 4 (Sckmc 3) in which, for tk first time, a 
substitucnt is introduced at a carbon atom next to the 
nitrogen bridge. 

la: R, = R, = CH, lb: R, = CH,. R, = H 
lc: R, - R, 7 H 

scheme I 



Scheme 2. 

6 

Schemt 3. 

The study of the duubi~ rcso~n~e ‘H NMR ~~~t~rn 
of 4 (Table I) hirs shown that the three new substitoents 
are consecutive in the piperida& ring. The methylenie 
protons H, and HII form the AB si@s of an ABX 
system, resulting in two quartets rcpwtivcly centred at 
5.20 and 4.32 ppm+ fKadjation at H, simplifies the mul- 
tipltt assigned at I-I,- to a ~~~b~et 16 = 4.50 ~~rn~* ‘Ihe high 

mical shift v&e found for a doublet situated at 
6.58 ppm can only be explained by its assignment to an 
equatorial H,. vi&al to the nitrogen atom and dcshiel- 
dcd both by the electronegative substituent at C-l and 
the anisotropic effect of tk coplanar carbonyl group, 
which has been shown to produce a strong deshieldrng 
over the protons at C-f in similar disquiet deriva- 
tives prepared prev~usly.* This effect of the carkmyl 
soup over the ne~~~uring equatorial proton is also ob- 
served when comparing the different chemical shifts of 
H, and Hs. Irradiation at the signal assigned to Ho 
simplifies the multiplet corresponding IO ND to a doublet 
(a = 4.75 ppm). 

AnaEysis of the mass s~~t~rn of 4 led us to assu~ 
that the ethoxy group uIas located at c-1. All the frap 
mentation series of significant abundance involved cx- 
pulsion of the CHC)IC?H, fragment, preccdcd or fol- 
lowed by loss of bromine or hydrogen bromide, as can be 
seen in .Schemc 4, This is consistent with the ~s~tio~ 
~ss~~~ to the ethaxy group, since thk carbon lost by 
ring ~o~t~~t~~ must be close to ~jtr~gen, according to 
the behaviour showed by similar ~ter~yc~es’ and on 
the basis of the easy cleavage of the C-N bond, Mc- 
chanisms for the formation of fragments shown in 
Sckme 4 from the molecular ion of 4 have been widely 
studied by US.~ 

The stere~~rn~~tr~ of the new s~bst~t~~nts in 4 was 
establ~s~d from the vicind ~o~~l~~g ~~~sta~t values 
(Table I), In the ABX system formed by the methy~en~c 
protons H, and Hs at C-4 and the methinic Hc at C-3, the 
coupling constant between the mcthylcnic axial He and 
H, is II Hz. This result is evidence for an axial orien= 
tation of Hc. Coupling between axid H, and HI, is 3 Hz, 
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Table I. ‘H ?;MR data of compounds ohtamed m chbroformcthanol solwon 

6: K, = OEr. R, = RNRr,. R, y OEI 

Compound 4 5 6 

c hemkcal 

shifts (61 
KDCI,b 

H, 7 5.20(c) 
H. = 4 32 (c) 

H,. - 4.X, (ml 
H,, = 4.75 (m) 

H, -. 6.SR (d) 

Coupling 
consIan 

(Hz) 

J - I! n.,,, - 
J Be,,* - 4 
J H,& = 11 
J MS&(“= 3 
J -7 
MIMI-- 

H, = 5.2X(c) 

H. 7 4.50 Cc) 
H,- : 4.1s tm) 
HI, = 3.2-3.9 

H, 2 6.58tdt 

J 
‘(r”’ = 1 J,,,,, - 

J ,,,M‘ = I’ 

J -6 I***0 - 
J MM,, = 3.5 

H, = 5 26(c) 
H.. H, , H,, -. 3 6-!.O 

HE = 6.38 (dl 

J I,.,,, = 14 
J ,,*,4 - S 
J “g)lC = 3 

““<X p, ,I., 

387 (42) l 329 (4(-I)- 249 (27) 

I 
I, 

Scheme 4. 

clearly concsponding to an equatorial position for Hr,. 

The small value of JIcr,,,, (2 Hz) is in good agreement with 

the equatorial character assigned to HL on the ba5iS of 

the strong deshielding effect of the carbonyl group over 
this proton. Therefore, we propose for the piperidazine 
ring of 4 a conformation in which the ethoxyl group and 

adjacent bromine are in an axial-axial relationship, 

whereas the second bromine is equatorially oriented 
(form 4a). 

Rr 

‘N 
HM H, 

,u/ 
W 

H,, 
Br 

%OJ,, 

4a 

So View along Cu’4 bond 
of 50 

The stereochemistry found for these three substituents 
led us to suggest the following mechanism for the for- 
mation of 4. In a first step an allylic bromination takes 
place, with rearrangement of the ahyhc radical in- 
termediate to a more stable one. owing to conjugation 
established with the lone pair of the adjacent nitrogen 
atom; after that. transdiaxial addition of bromine and 

ethoxyl to the new double bond formed occurs. This 

mechanism is shown in Scheme 5. Similar rcar- 
rangements are frequently found in substitution reactions 

of N-bromosuccinimide.’ 

Repetition of the reaction for a longer period (7 days 
reflux) affords, after a laborious chromatographic se- 

paration, three different compounds. One of them, ob- 

tamed as the major product in 32% yield. is identified as 
4. Structures 5 and 6 have’been assigned to the other two 

compounds, obtained in 20 and 5% yields respectively 

(Scheme 3). It seems that both of these are formed from 
4 by successive substitutions of the two bromine atoms 

by a second ethoxyl group and dibromobenroate 

produced in the bromination with N-bromosuccinimide 

of the benzoyl peroxide employed as catalyst. The 
bromination of an aromatic ring with NBS is not un- 

USUaJ.’ 
The consecutive location of the substituents in the 

piperidazine ring of 5 and 6 has been established in the 
same way as previously described for 4. KMR spectra of 

both compounds present a doublet at very low held 

(Table I) corresponding to the isolated proton at C- I, and 

the two quadruplets of the ABX system referable to the 
methylenic protons. 

Study of the spectrum of 5 confirms that the ethoxy 
group and bromine atom at C-l and C-2 have the same 
rrans-diaxial orientation shown in 4. However, the nev, 
ethoxy at C-3 has an axial situation (form 50) in op 
position with that equatorial of the bromine atom in 4. 
Comparison of the coupling constants between H,. and 
the axial methylenic HI in both compounds (II Hz and 
I.5 Hz) establishes the equatorial orientation of Hc in 5. 

On the other hand, axiaLequatorial coupling between 
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Hs and Hr is lower than the equatorial-equatorial be- 
tween H, and Hc. contrary to what would be expected 
from the Karplus relationship. However, this result is 
completely reasonable: He and Hc are both rronsco- 
planar with electronegative substituents (H$OEt, Hc IN). 
while H, is not so oriented (see Fig.) and this fact is 
held responsible for the lower values found in JnBHc. The 
influence of an electronegative substituent upon J vie is 
greatest when it is Irons-coplanar to a coupling proton, 
according IO studies performed by Booth er ~1.’ Other 
apparently anomalous differences between coupling con- 
stants observed in 4 and 5 (for example, values of J,,,,,,, 
in both compounds) are easily explained on the same 
basis. 

The different orientation of substituents at C-3 in 
both 4 and 5 is consistent with the formation of 5 by %I 
reaction of the bromine atom in 4, with configurational 
inversion at C-3. Such a phenomenon would be favourcd 
by the small stability of the carbonium ion formed as 
intermediate. 

Stereochemistry at the piperidazine ring of compound 
6 has not yet been resolved, owing to the great com- 
plexity of the NMR spectrum obtained in this case. 
Location of the two bromine atoms in the benzoate ring 
has been made possible by calculating the theoretical 
chemical shifts of the aromatic protons, and comparing 
them with the experimental vahrcs obtained. 

Finally, we note that all the reactions between Diels- 
Alder adducts and P4-bromosuccinimide described in this 
work have been shown to be stereospecitic. only one 
stereoisomer being obtained in each case. Stereo- 
chemistry of the piperidazine ring in compounds 2 and 3 
will be discussed in a further paper. 

M.ps are uncorrected. and were determined in capdlary I&S. 
IR spectra were recorded on a Perkra-Elmer 257 spcc- 
1ropMome1er. ‘H NYR spcc1ra uere obtained with Pcrkin- 
Elmer R-l! and Varian XL-100 spcctropMomc1ers. using TMS 
as inremal standard. Chemical rh1uf1s are g~vcn m ppm (d scalel. 
Dircc~ iale .WS were delcrmmcd on a Vanan HAT spectrometer. 
Thin layer chroma1ography plates were prepared wi1h silica gel G 
(Merck). The 1crm “solvenr WJS removed” means by ro1ary 
evaporation. unkss orherwlsc r1a1cd 

Adducls tr and lb were oblaincd b) melhods prevmsly 
described.’ The starting hydrazidc has been prepared according 
IO Drew and &r~ood.‘~ 

Ju.l?a - Dora I.4~4a.C.l!.l!c, . htxahydmnaphrhacrn 5.12. 

dionr lc. To a cooled ( IQ) methylenc chlondc suspension of 

0~ cychc hydraudc of 2.3 naph1hakncd~carboxilic acid (!.I g 
or 10 mmok m I50 ml). 2 ml of glacial accfic acid were added 

whilsl siting. and a vivacious stream of pure 1.3.butadkne wa> 

passed lhrough unlil the suspension was salura~cd. After 1ha1. 

4.5 g (10 mmok) of kad 1clraacc1ale were added over a period of 
45 min. and [he reaclion mixlure stirred a1 0” for 2 h. The while 

precipitate formed was ftlkred off (lead aceraW. and [he lil~ra~e 
washed successively wl1h aqueous 5% sodium hkarbonalc and 
waler. and dried over magncslum sulphate. .Solvenr was removed 

and crude Ic recrys1allised from ethanol IO give [he pure com- 
pound as yellow needks~l.5g. 56% yield). m.p. 236-P. Ry 
sliming for 24 h a1 room 1empcraturc. the yield of lc rises up IO 
72%. IR (KBr) Y,. W.920. 1130. 1220. 1260. 13ho. 13x5. Ilho. 

1625 (C=C). 1650 (C=OO).cm ‘; NMR (CCI,D) 6 4.65 (s. 4. CH,) 
6.05 (I. 2. CH=) 7 70 (m. 2. aroma1 ring A) 8 05 (m. 2. aroma1. 
ring A) 8.80 (s. 2. aromal. ring B) ppm. (Found: C. 72.78; H. 4.79: 
N. 10.83. C,.H,,N,O, rcqutres: c. 72 62; H. 4.54; S. IO 66%). 

2 . Bmmo . 3 hydmty 2.3 dimnhyl la.l!a dia:a - 
1.2.3.4.4a.5.12.l2a . cxtah~dronaphlhacen 5.12 . dionr t To 

an aqwous suspension of la (0.5 p or 2 rnmok in 20 ml). 0.45 g 

(2.4 mmok) of h’-bromosuccinimlde and 5 drops of conccn1ra1ed 
sulphuric acid were added. ‘The mixture was suned for 4 h a~ 

5&W. and 48 h mOre 91 room temp. Fiitra1ion of UK suspcnston 

afforded an orange precipitate which was purified b) 1hm layer 

chromatography. developed in IO: I mixture of benzene and 

ethanol. Afkr recryslallisarion from water. 0.17~. 128%) of 2a 
were ob1amcd h4.p. 218’. IR (KBr)v,. 765. 915. 1065 (C-0). 
1280. 1360. 1385. 1460. 1625 (C-W. 1645 (C-0). 3030. 3400 
(-OH) cm ‘; E;MR (DM0-d.) I I.48 (s. 3. HGC-CH,) I.88 (5. 3. 
Rr<<H,) 3.85 (d. 1. CH-C-OH axial) 3.Y5 (d. I. CH-C-Br 
axial) 360-4.40 (broad m. I. OH) 4 62 (d. I. CH_(‘-OH cqua. 

tonal) 4.85 (d. I. CH-C-Rr equalorrall7 X3 (m. 2. aromal. ring A) 

8.35 (m. 2. aroma1. ring A) 8.88 (s. 2. aromal. ring 8) ppm. 
(Fcnmd. C. 55.66; H. 4.51; S. 7.30: Hr. 2WO. C,.H,,S,O,Rr 
requires: C. 55 53. H. 4.37: N. i 19; Rr. ?O..C~%J. 

2 - Hromo - 2 - mrrh,vl 3 . hydroxy 4a.l2a - dia:a . 

l.2.3.4.4a.5.l2.l!a . octahydnmaphlhacm . !.I! . dionr 26 This 

compound was prepared as dcscnbcd above for 2a from 0.8g 
(2 2 mmolc) of lb and 0.5 g (2.6 mmok) of h’-bromosuccinimidc. 
IO give a solid which by TLC developed rn 50: 1 mlxlure of 
benzene and erhanol was shown IO be a mlx1ure of 2b and 2c m a 
312 ra1io. Yield of 2b was 24%. Mp. 167-v. IR (KRr) Y,. 760. 
915. 1035 (C-O). 1280. 1360. 1385. 1460. 1625 (C-C). 1645 (CG. 
MOO (-OH) cm’ ‘; NMR (DM.SOd,) 6 1.90 (5. 3. CHJ 3.80-4.Ro 
(m. 5. protons ring D) 6.20 (d. I. OH) 7.82 (m. 2. aromal. ring A) 
8.30 (m. 2. aromal. ring A) 8.82 (5. 2. aromal. ring H) ppm. 
(Found: C. 54.30: H. 4.16: N. 7.71; Hr. 2098 C,,H,,N,O.Rr 
requires: C. 54.40: H. 4.00; N. 7.47; Rr. 21 32%). 

2 . Hydmxy ? . methyl . 3 hmmo Ja.l!a . d&a 

1.2.3.4.Q.5.l?.l?a . cxtahydnmaph:haco 5.12 . dionc tr This 
compound was obtained in UK same rcacrion as 2b. from fk thm 
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la)er chromatography described above. Yield al 2c 16%. IR 

(KRr) Y,. 760. 1065 (C-01. I!w). 1360. 1385. 1460. 1625 fC=CcI. 
1645 (C&I. 31OO-36!0 (associated OH) cm ‘; N.MR (DMSGd.16 

I.50 (s. 3. CH,) 3.80-4.Ro (m. 5. nng D) 5.85 (5, I. OH) 7 X2 (m. 2. 

aroma1 nng A) 8.30 (m. 2. aromal. ring A) 8.82 fs. 2. aromal. ring 

H) 
2 Hromo 3 hvdroxy 4a.1211 dia:u 1.2.3,4.4a,(.l!.l?a . 

orfah~dronaphfhocrn 5.12 dionr 24. This compound was 
prepared as dc\cnkd for h. from 0.41: (I.1 mmolc) of Ic and 
0.36 (1 6mmolcl of NBS. IO g~cc a creamy sold whKh by 
preparative TIC developed m IO I mixture of benlent and 

ethanol afforded 0.5 p of a whllc sohd. which was rccrystallised 
from wafer and rdenrlficd a\ the IIIIC compound. Y~cld was 

91%. m.p. !?P IR (KRr) Y,. 725. 765, 920. I040 (CA’)). 1310. 

1465. 1625 (C=C). 1660 (C=(I). 3060. 3400 (OH) cm ‘: h:MR 
IDMSO-d.1 6 4.05 (d. I. (‘H-C-OH axwl) 4 OS (m. I. CH-OH) 

4.35 (m. I. OH) 4 38 (m. I. CH-Br) 4.42 (d. I. CHX-OH 
cquatonal) 4 55 (d. I. CH-C-Rr equatorial) 7.80 (m. 2. aromat. 

rmg A) 8.28 (m. 2. aromal. rmg A) X 76 (\. 2. aromal. ring B) ppm. 
(Found C. 53 47; H. 3.82: N. 7.73. Rr. !I 86 C,.H,.N,O,Hr 

requues: C: 53.1X; H. 3.60. S. 7.75; Br. 22.16%). 

2.1 I>bromo 2.3 dlmrfhvl Ja.l!a dfa:a . 
1.2.3.4.4u.~.l!.l!a ocfah~dnmaphfhaccn- !.I! - dtonr 38. To a 

solution of la (0 7 g. 2.4 mmole) in 60 ml of “dr)” benzene. 0.9g 
(5.0 mmolc) of N-hromoruccinimidc were added The solution 

u-a\ refluxed for 2 h. After coolmg al rmm temp.. a brown sohd 
precipitated Tk mixture was filtered ofl and the filtrate washed 
wlrh water and dncd over magnesium sulphare Solvent was 

removed. and the r&dual rcd.ycllow 011 treated with scvcral 
drops of acelone. IO give a yellow \olrd which recry\talliscd from 

cthjl acetate. 0.5 g (46% yield) of 3a were obramcd. m.p. 177’. IR 

(KBr) Y,.. 760. 915. l!l?. 1275. 1360. 1385. 1630 (C=Cc). 1661 
CC=()). U)cOcm ‘, )r;MR ICF,-C‘(W)H) 6 2.22 (s. 6. CH,) 4.33 (d. 

2. CH axtall 5.3X (d. 2. CH cquatord) 7 w1 (m. 2. aroma1 rmg A) 
X.12 thl. 1. aroma1 ring Al g 8< (5. 2. aromal. rmg H)ppm 
(Found C. 47.87. H. 3?1. S. 6 21. Rr. 35 68 C,.H,.N,O,Br, 
requires. C. 47.79; H. 354; S. 6.19; Hr. 3S.403;). 

2.3 f)rhromo 2 mrfhjl 4a.l!cr . dia.-o 

1.2.3.4.4a.S.l!.l!a orfuhydmnaphfhactn - 5.12 . dlonr M. This 
compound ua\ prepared as described for k. from 0.5 g 
(1.X mmolc) of lb and 0.6 g (3.4 mmole) of N-hromo\uccmrmrde. 
IO p~\c a !cllou- sohd. Rccr)\talliration from crhanol afforded 

0 5 p (62% ytcld) of pure 3b. m p 189-90” IR (KBr) Y,. 770. 
920. I??.(. 1365. 1390. IM5. 1635 tC=C). 16iO ((‘&)cm ‘; NMR 

(CF,-C(X)H) 6 2.20 (5. 3. CH,) 4.22 cd. I. CH-C’XH, axial) 4.78 
(2. I. CH-C-Hr and) 4 80 (m. I. (If-Br) !.?! fc. I. CH-C-CH, 
cqualord) 5.32 (c. I. CHX-f3r cqualonall 7 85 (m. 2. aromat. 

nng A) X 16 (m. 2. aroma!. ring A) 8.9O (5. 2. aromal. rmg B) ppm. 
~Found U, 21: H. 1 14. S. (98: Hr. 36g2. (‘,.H,.N,O,Br, 
require\. C. 46.57: H. 3.20; S. 6.19; Br, 36.53%). 

2.3 f)c’hromo 4a.l2a diu:o . 1.!.3.4.4a.~.l!.l?a OCIP. 
hydmnophfharm . .(.I! - Cone 3c. Thus compound u’;L\ prepared 
a\ dcscnkd for 31. from 0 C g (2 Ommolc) of Ic and O.Rg 

(4.5 mmolc) of H hromosuccinim&. IO grve a red oil. Pre- 
paratrvc 7’l.C developed tn the mixture petroleum 
erkr~ether~chloroform in C- IC- I proportIon\ afforded 0.32~ of 
a white solid. tdcntilicd as ok Ii& cbmpound. YKld was 4&Z. 

m.o. 227X. IR (KRr) h’,.. ?I!. 765. 895. 935. 1200. 1285. 1345. 
I.&b. 1625 ((‘:(‘I. 1655 (?&I. UW)cm ‘, NSlR tCF,-COOH) d 

4.60-5.50 (broad multipIer. 6. poton\ of ring D) 7.95 (m. 2. 
aromat. rtng .A) 8.25 (m , 2. aroma!. ring A) 9.00 (5. 2. aromar. rmg 
R)ppm. (Found: (‘. 4.(.Cl: H. 2.94; 5. 6.54; Hr. 38.23. 
(‘,,.H,,h’.02Br_ rrquues C. 45 ?n. H. 2 g1. 5. 6.M; Hr. 
1? X3%). 

I L’fho.qr_ 2.3 dihmmo . 40.120 . dia:a . 1.2.3.4.4a.~.12.12a 
of-fohydronaphfhacm . !.I 2 dionr 4. To a solution of 0.5~ 

(2.0 mmolel Ic and 0.6~ (3.4 mmolc) M-bromosuccmimide in 
.3Oml of commercial chloroform, U.O!g knzoyl pcroxuk were 
added Tk mtxture wax katcd under r&x for 48 h. and rtined 
a~ room temp for 4 days more. Solvent was removed IO give a 
)cllow oil whtch was taken up m acetone and allowed IO crys- 

tallize. The solid obtained wa purified by preparative thin Ia)cr 

chromatography dcvclopcd in I!: I mixture of kncenc and 

ethanol. affording a yellow solid which recrystalhud from 
methanol IO ytcld 0.388 (41%) of pure 4. m.p. 143’. IR (KBr) Y,. 

695. 725. 740.755. 1065 (C-0). 1210. 128!. 1325. 1385, 1415. 1630 

(C-0. l&S GO). 2980cm ‘. h’MR tClTl,~ d l.S (I. 3. CH,) 
3.75 (c. 2. OCH,) 4.32 (c. I. H,) 4.50 (m. I. H,,) 4.75 (m. I. H.) 
5.22 (C. I. H,I 6.58 (d. I. H,) 7.80 (m. 2. aromat. ring A) 8.15 cm. 

2. aromal. nng A) 8.85 (s. 2. aromal. ring RI ppm; MS m/c (% rcl. 
abund.) 47Of20) 469f8) 468 (38. M’) 466QO) 423f7) 389t42) 3Rx( 13) 

387(423 34Wl3) 331(40) 329f40, 308fl9) 307(3!J !7%1!) 26414) 
263f39) 262(26) 251(33) 250(46) 249f27, !M(!O) 2!.((4O) ?ID(IY) 

l80(46) 15!(26) 154(59) 127f33) 126(100) 82(2C) no(?C) J6(58). 
(Found: C. 46.11; H. 3.68; N. 5.86: Br. 33.98. 
C,,H,.S,O,Hr, requires. C. &.I!; H. 3 42: N. 5 98: Hr. 34 Ifi b 

I.3 . I)irfhoxy 2 hmmo . 4a.l!a . diu:a . 1.!.3.4.4~,~.1!.l!u 

. ocfahvdronaphfhartn . 5.12 dionr 5 T\ solulion of I g 
(4.0mm&) IO and 1.5~ (8.5 mmole) N-bromoruccmrmtdc In 
50 ml commcrcl;ll chloroform containing 0. I g of knzoyl pcrox- 
ide. was heated under reflux for 7 day\. The solvcnl was Ihen 

removed IO give a red oil. Preparative TLC developed in 5. I 
mrxlure of knzznc and ethanol led IO rk rsolatron of a more 
retained yellow solid and a less polar red oil. The tohd was 

rechromatograpkd in benzene. ethanol mixture in IC’ I propor. 
rions as elucnt. affording IWO different products. the less retained 
of which was &n&d as 4 (0 6g. 3% yield). the other kmg a 

while sohd whch recryslalliscd from methanol IO give 0 74 p 

(20% yield) of DUIC 5. m.p. 13e41”. IR (KBr) Y,. 765.915. 1070 
(C-0,. 1205. ‘1335. 13%. 13yO. 1620 (C’=t-,, 1655 ((‘=(I). 

2970cm ‘; SMR fCCI,D) 6 1.08 II. 3. CH,) I.30 (I. 3. CH,) 

3.2-3.9 fm. 5. OCH,. and Ho) 4 IS (m. I. H, 14 .%I (c. 1. H,) 5.28 
(c. I. H.) 6.58 (d. I. H,) 7.78 (m. 2. aromal. nng A) 8 17 (m. 2. 

aroma1 nng AI X.93 (s. 2. aromal. nng H)ppm. (Found. (‘. CC $3, 
H.J.M:h’.6.62:Br 18.8h.C,H,,S,O.Hrrequircs:C.‘c 43.H.4 X!: 

S. 6.47; Hr. I8 46%1. 
2 . (1.3 . firfhory . 4a.12a dia:a 1.2.3.4.4a.~.l!.l!a - 

ocfahydro 5.12 . dione) . naphfhacn!l 3.4 . dibromobm:oate 

6. This compound was obtuncd as a byproduct in lk synthesi\ 

of 5 described above. Tk red oil isolated by preparalibe TIC in 
that reactron was rechromarograpkd using knrcnc:cthanol 

(2!: I) IO give 0.1 g (5% yield) of a white solid identified a\ 6. m p 

IOF4”. IR (KBr) Y,. 7so. 905. 1020. 1080.127.c. 1375, 13x5. 1400. 

l62U fC=C). 1660 (GO amide). 1700 G0 knzoalc). 2970cm ‘; 
SMR (CDCI,) 6 0.9-I 6 (m. 6.CH,)3 3-4.0 fm. 3. (K’H: and IH 

ring D) 4.1-5.0 fm. 4. OCH, and 2H ring D) 5.26 (c. I. HI) 6.38 cd. 
I. HE) 7.65 cm. 3. aromal. ring A and HC5’ knzoatc) 7.92 fm. I, 
H-(+6’ knzoare ring) 8.10 (m. 2. aroma1 ring A) 8 2X (d. I. H (‘2’ 

knroare) 8.X5 (s. I. aromal. ring R)ppm. (Found: C. Cl 61. H. 

3.68; N. 4.63; Br. 25.09. C,-H,.S,O.Hr, requires: C. 51.27. H, 
3 79. N. 4.43; Rr. 2.C 31%). 
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