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Abdmd-Reaction of tbc bridged sanukne derivatives and the dicnophik mentioned in the titk occurs through 
attack by the latter from below. arti- lo the bridge. The mono-adducts obtained contain a substituted cycloptopanc 
rink Attempted nuclcophilic diqkement of suitable substituents was unsuccessful. 

We have shown that 1,6_methat@l0lannulene (1. R= H) 
reacts with one equivalent of 4 - phenyl - 1.2.4 - tri- 
azoline - 35 - dione (PTD) as well as with its Cmethyl 
analog, atTording in the former case more his-adduct 
than mono&duct as well as recovered starting material. 
In the case of the N-methyl analog one obtains more 
mono-adduct than his-adduct in the product mixtwe. 
However, in either case it is clear that tbe second 
equivalent of dienophilc adds faster than the tint. When 
the bridged annukne is treated with two equivalents of 
dienophile it is not surprising that a quantitative yield of 
his-adduct is obtained.’ This is one of many cases in 
which the starting material appreciates its constitution. 
Since it is aromatic it reacts more slowly with the 
dienophik than does the monogdduct whose reactive 
entity is die& rather than aromatic. 

It was, of course of interest to compare to the above 
bdWiOr that Of 1hUbstiMed deth!hfe~ Of the same 
ring system so as to gauge the effect of the particular 
I I-substituent employed. 
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The unexpected result for each of these substrates was 
the ready obtention of a mono-adduct 2 when treated 
with PTD. On the contrary, as compared to 1, R= H. it 
was not possible readily to obtain a bis-adduct 3. The latter 
indeed formed but it was always accompanied by a 
mono-adduct even when the full two equivalents of PTD 
were supplied (Experimental). 

It should also be noted that the Ii-substituted 
compounds all reacted more slowly than theii Il-un- 
substiMed parent. Although accurate kinetics were not 
carried out the difference in rate is large [Id days for the 
former (see Experimental) vs minutes for the latter’]. 
Thus there is no doubt that the ll-substituent is notably 
i&en&g the reaction rate; the question is whether it 
may in certain cases interact attractively with the dieno- 
phile, causing the latter to attack the substrate from 
above rather than from below. That this does not occur 
is evident from analysis of the NMR spectra of the 
products. These are in keeping throughout with the 
expected attack from below. We know that 1, R = H, is 
attacked by maleic anhydride from below and that the 
resulting mono&duct 4 affords 5 through attack of 4 
again from below. This knowledge is unequivocal since 
an X-ray structural analysis of 5 has been performed.’ It 
should he noted that with respect to tbe first stage of 
attack by makic anhydride. the mono-adduct 4 formed is 
the e&o-product. Since much is known about the NMR 
spectroscopic behavior of derivatives of bridged annu- 
knes,’ we believe that this criterion is a safe one for 
concluding that also in la-e attack by PTD occurs ex- 
cbively from below. Nevertheless, due to the potential 
importance of the reverse conchrsion. we have submitted 
a number of the products to the scrutiny of an X-ray 
beamsoastobeinapositiontocorrccttheconligura- 
tional assignment should this become necessary. 

b: R-Me 

Recently a series of fascinating papers has been pub 
Ii&d with respect to nuckophilic attack upon propel-’ 
lane substrates in which the substituent to be displaced 
was situated in a cyclopropane ri~~.~ Since we had in 
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hand additional substrates of this kind, namely our 
compounds of type 2. we subjected some of these to 
potential nuckophilic attack under the same reaction 
conditions described.” We observed only recovery of 
starting materials (see experimental section). We later 
subjected our substrates to conditions which in other 
cases6 aflorded relatively high yields of dimers. No such 
dimers were observed nod starting materials were again 
recovered. We have also treated some of our substrates 
with “naked” fluoride ion,’ again to no avail (see 
experimental section). 

-AL 
IR spectra were measured on a Perkin-Elmer model 257 grat- 

ing spectrometer. NMR spectra were measured on a Varian T60 
spectrometer. Mass spectra were measured on a Varian 711 
spectrometer using the heated inkt system. The electron cner~y 
was maintained at IOOeV. Only the major fragments are listed. 
All m.ps are uncorrected. All l&Is-Alder teactions were 
conducted at room temp. 

Rtactior of II - ryaro - I.6 - methono[l0]anralmc. la. with 
PTD 

(a) Reaction between la (46 mg: kq) in CHxCI, (5 ml) with 
PTD (48 mg: lq) in CH+ZIx (5 ml) a&r&d after I hr the mono- 
adduct 2a (94mg: quant). m.p. 231-U? (ethyl acetate). (Found: 
C.69.99: H.4.201 N. 16.25: M.W. 342.1117. C&l,,N& nquires: 
C. 70.16: H. 4.12; N. 16.37%: M.W. 342.1117). IR(CHCI,): 1768. 
1720. 14tNtcm-‘. NMR(CDCI,): T 2.55 (m. 5 arom H): 3.30-3.90 
(m. 6 vinylic H): 4.70 (m. 2 CHN): 7JO (s. I cyckpropyl H). MS: 
M’. 342 (13): 1% (56): I67 (100): I66 (100): 139 (46): I26 (II): II9 
(33). 

(b) Reaction of Ir (32 mg; kq) in CH& (IO ml) with PTD 
(66 mg: 2q) in CH& (IO ml) gave after 2 days a mixture of 21 
(6 Gs) and his-adduct k (5 &ts). The b&&duct is insolubk 
in lmt EtOAc and had m.n. 222-223’. (Found: C. 6X18: H. 3.99. 
C&sN,O, requites: C. 64.98: H. 3.76%). IR (KBr): 1760.1720.~ 
14lOcm-‘. NMR (CDCI,): z 2.50 (m. IO arom H): 3.30-3.70 (m. 4 
vinylic H): 4.20 (m. 4 CHN): 7.65 (s. I cyckpropyl H). MS: 167 
(loo): I66 (100): I40 (100): 139 (100): I28 (71). 

Reartion of II - bromo - 1.6 - m&haro[ IO]onrrfcne. lb. with 
PTD 

(a) Reaction of lb (36 mg; lq) in CH&l? (5 ml) with PTD 
(28 mg: lq) in CH$Z& (5 ml) gave after I day the mono-adduct 
Ib (62~: 97%). m.n. 199-m tEtOAc-hexam). (Found: C. 
5754: Hr3.88: H. 10145: Br. 20.34. CI&IIJJ~Oo, Br rquim: C. 
57.57; H. 3.58: N. 10.60: Br. 20.10%). IR (CHCI,): 1760. 1720. 
1400 cm-‘. NMR @XXX): r 2.60 (m. 5 atom H): 3.4OUO (m. 6 
vinylic H): 4.70 (t;2CHN\: 6.15 (s; I cyclopmpyt H). MS: Mi-Br. 
316 (1.5): 221 (5): 219 (5): 177 (16): I41 (100): I28 (79). 

(b) Reaction of lb (42 mg: lq) in CHsCb (5 ml) with PTD 
(68 nm: tea) in CHFI, (5 ml) EPVC after 4 days 2b (8 oarts) and _ _ 
bis-adduct~3h (5 parts) which-was insolubk~in hot EtOAc and 
had m.o. 1~199”. (Found: C. 57.04: H. 3.17. CnHIJLOBr 
rquit&: C. 56.74 H. 3.35%). IR (KBr): 1760. IGi l4lOcn?. 
NMR (CDCI,): r 2.68 (m. IO atom H): 3JS (m. 4 vinylic H): 4.20 
(m. 4CHN): 6.05 (s. I cyckpropyl H). MS: 322 (7): 316 (I): 221 
(8): 220 (13): 219 (9): 141 (RIO). 

Rrocfior of II - acctoxy - 1.6 - mcthaao[lO]annu/cne. Ic. wifh 
PTD 

(a) Reaction between lc (39 mg: lq) in CH#& (5 ml) with PTD 
(34~: lq) in CH& (5 ml) gave after I day mono-adduct 2c 
(73ma: auant). m.a. 187-l@ tbenzeoc~xane). tFoundz C. 
6&73:ii.i.92:-N. li.56. C2,H,,N;0, requires: C. 67.is: H. 4.57: 
N. 11.20%). IR (CHCI,): 1760. 1720. i&lcm-‘. NMR (CDCI,): I 
2.50 (m. 5 arom H): 3.4M.20 (m. 6 vinylii H): 4.70 (t. 2CHN): 
5.58 (s. I cyclopropyl H). MS: M+XOCH,. 315 (5): 208 (8): I94 
(25): I77 u5): I58 (47): I28 (95): II9 (100). 

6) Reaction between I~.(24 mg: iqi in CHFI, (5 ml) with 
PTD (43 mg: 2q) in CHsClz (5 ml) gave after 4 days mono- 
adduct SC (7 parts) and bis-adduct 3c (6 parts) which was in- 

solubk in benzene. m.D. 202-203”. (Found: C. 62.49: H. 4.22; N. 
14.78. Cs&NbO,, rq-uires: C. 63.27: H. 4.03: N. 15.27%). IR 
(CHCU 1760. 1720. 1400. IOSOcm-‘. NMR (CDCI& 7 2JO (m. 
IO a& H): 3.60 (m. 4 vinylic H): 4.20 (m.‘4CHN): 5.50 (s. t 
cyclopropyl H): 7.95 (s. 3CH,CO). MS: I77 (70): I58 (MO); IJI 
(43): I40 (68): I29 (100): 128 (100). 

Reaction of II - hydmxy - 1.6 - mtthano[l0]annulent. Id. with 
PTD 

(a) A soln of Id (20 mg: lq) in CH$& (5 ml) treated with one 
of PTD (22~; Iq) in CH+& (5 ml) gave after I day the oily 
mono-adduct 2d (42mg; quant). It eventually crystallized after 
long standin& m.p. 111-111. (Found: N. 13.28. C,&N& 
requires: N. 13.08%). IR (CHCI,): 3560. 1760. 1720. MOOcm-‘. 
NMR (CDCI,): T 2.55 (m. 5 amm HI: 3.10-4.10 (m. 6 vinvlic HI: 
4.55 (m. 2 CljN): 7.08 (m. I cyclopropyl H). MS; I77 (7):~I68 (Ii: 
I46 (IO): I28 (loo): ll9(17). 

(b) Reaction between Id (23 mg: lq) in CH& (IOml) and 
FTD (47 mg: 2q) in CH& (5 ml) pve after IO days mainly 
mor~+adduct 2d md his-adduct Y (IO mg) which was insolubk 
in EtOAc. m.p. 207-m. IR (KBr): 1800. 1720. 144Ocm-‘. MS: 
in (39): 156 (100): 15s (100): 128 (100). 

Rcocrion of II - carboxy - 1.6 - metk no[lO]annu/cnt. le. with 
PTD 

A soln of lc (I I.5 me: lq) in CHzClz (5 ml) when treated with 
one of PTD (I2 mg; -lq) -in CH$l: (5 ml) gave after I day 
mono-adduct SC (23 me: auant). m.o. 190-1920 (EtOAc-hexaneL 
(Found: C. 65.40: H.l.28: N. 12.15. C&l12N;0, requires: C. 
65.32: H. 4.33: N. 12.03%). IR (CHCI,): 1768, 1720. 14SOcm-‘. 
NMR (CDCI,): I 2.50 (m, 5 atom H); 3.40-4.00 (m, 6 vinylic H); 
4.70 (m. ZCHN): 7.40 (s. I cydopropyl H). 

lb) Reaction with 2q PTD gave only mono-adduct even after 
IO days standing. 

Reaction of 4 with PTD 
The mono-adduct 4 (38 mg) in CH+Zlx (5 ml) reacted at once 

with PTD (29 mg) in CH& (5 ml). affording the di-adduct Sa 
(56mg: 84%). m.p. 217-218”. (Found: C. 67.12; H. 4.48: N. 9.J7: 
M.W. 4lJ.llsO. CuH,7N,0.02 requires: C. 66.50: H. 4.13: N. 
10.12%: M.W. 415.1168). IR (CHCIs): 1850. 1770. 1710. 
MOOcm-I. NMR (CDcIs): T 2.55 (s. 5 mom H); 3.70 (m. 4 vinylic 
H): 4.68 (t.2CHN): 5.50 (t. 2 CHCO): 6.20 (m. 2 = CH-CH): 9.00. 
9.38 (AB. J - 8 Hz. 2 cyclopropyl H). MS: M’. 415 (0.4): 317 (I): 
265 (1.1): 240 (21): I77 (2): 167 (16): I42 (100): II9 (38). 

Reaction of 4 with MTD 
lmmediitc reaction occurred between 4 (58~) in CH$lz 

(5 ml) and 4 - methyl - 12.4 - triazoline - 3.5 - dione (27 mg) in 
CH$ZI? (5 ml) giving the di-adduct 8b (66 mg: 78%). m.p. 24&2so” 
(ethyl acetate). (Found: C. 60.89:. H. 4.31: N. 11.89. M.W. 
353.1038. (C,,H,,N,Or requires: C. 61.19: H. 4.28: N. 11.8956: 
M.W. 353.1011). IR (KBr): 1850. 1770. 1700. 144Ocm-‘. NMR 
(CDCI,).T 3.80 (t. 4 vinylic H): 4.70 (t. 2CHN); 5.60 (t. 2 CljCO): 
6.25 (m. 2 = CH-CH): 7.00(s. 3 NC)?& 9.00.9.36 AB. J = 7 Hz. 2 
cyckpropyl HI. MS: M*. 353 (2.7): 255 (5): 2.49 (IO): 167 (II): 
142 (79): I41 (100). 

Attempted displacement of bmmine in 2b 
(a) A mixture of 2b (28 mg). tewaethylammonium acetate 

(dried in vacuum over Pa,: 96 mg) and dry acetone (IO ml) was 
stirred for 4 days at room temp.’ Tbc solvent was evaporated and 
distilled water was added to the miduc and extracted with 
CH$& (3 x 25 ml). Removal of solvent showed quant recovery 
of 5) identical spectroscopically with the starting material. The 
queous phase contained no bromide ion (Volhard titration) and 
there was no sign of acetate absorption. spectroscopically. 

(b) Repetition at nfkx for 3 hr.’ followed by the same workup 
afforded tk same result as in (a). 

(c) A mixture of 2b (95 mg) in DMF (3 ml. dried and distilkdt 
was stirred under dry N2 for l6hr at O”.b Water was added and 
tbc wbok was extracted thrice with CHxClx. The aqueous phase 
contained no bromide ion (Voihard) and only 2h (91 mg) rcco- 
vered from the extract. No dimcr was obtained.* 



PropellanceXLlV 2169 

(d) Increasing the KOAc tenfold gave the same results as in 
(cl. 

(e) A mixture of 2b (31 mg). dry KOAc (32 mg). 18-crownd 
(285 mg) and acetonitrik (10 ml) was heated under reflux for 
Bhr.’ The solvent was removed and the residue exbacted with 
benzene. After drying and removal of solvent the hexaoe-in- 
solubk portion (to remove crown ether: 42 mg) was crystallizuJ. 
It had m.p. l!%?OU’ (benzene-hexanc) identical with authentic 
2b. There was neither sign of acetate absorption nor of bromide 
ion in the aqueous phase. 

A mixture of 2h’(30 mg). dry KF (423 mg), N-crown-6 (77 mg) 
and acctonitrilc 1lOml) was heated under r&x for Bhr.’ The 
solvent was removed and the residue extracted with EtOAc 
which removed I I6 mg of the residue. Inorganic matter (378 mg) 
was not extracted. Recrystallization afforded the bromide 2h 
(30 mg). m.p. 197499”. Again there was no sign of displacement 
by fluoride ion. 
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