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IT Is knowa that phOtochemical behavior of bicycle- 
[3.2.2] 1~ma-3,8db2aes (enone-r-mcthaae systems) 
varies @ending OII solvents, substituents, and multi- 
plicity of tbc excited statcs.~’ we have rcp”rtcd the 
wrn effectsLP and substituent &cts *” in tbc 
photo&m&y of their tropone adducts. Synth&al 
lls&hss of tbcsc pl.lotoclMnical reactions was exhi- 
bited by the clean formath of various complex mole 
c&s containhg a cyclopropane ring in hi& yields. 

Recently, the utility of 7-aabauorlo 1 
(R-C&t-B@ as a dhophile has been shown in the 
rcacths with various dkn~.‘~ The present paper de- 
scribes the cycloaddition rcacths of 1 with a series of 
troponoid compounds and the photochemistry of the 
adducts. 
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Ruxtions of 7-ambenwno~mad&ne 1 with tnqme 
dmwti~. Tbc reactions of 1 with tropone derivatives 
2a-fwcrecankdoutinchiorobcnzcneatlZO-13(Pina 
scaled tube for lzO-13ollr (Scheme 1). The nsuits are 
summa&dinTable 1. 

The nature of products as 1:l adducts was apparent 
from elemental analyses. The IR qcctrum of each 
product showed chactaistic absorptions of an a, j3- 
-cogroupaIKlanarcthanecop~a! 
lf30-16!JOcm-‘. Unaphcal stmchral detammahons 
wcremadeonthcbasisoftheNMRspcctraasshownin 
Table 2. 

TheNhIRspectraofadducts3c,k,and3fwerevay 
similar to that of adduct 3b, reported earlier,” except for 
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TaMe1.Respltsofcyc~reactionsof1wahtroponedaivatives 

Starting Product (Yields)a 

Material 
endo-em 0x0-0x0 endo-exo 

(3) (4) (S) 

2a 3a (1006)b 

2b 3b (60%)b 

2c 3c (656) 

2d 4d (191) sd (408) 

20 3e (250 se (IS\) 

2f 3f (486) Sf (168) 

a Isolated yields. b See reference 1. 

Tabb2.‘HNb4RapcctraldataofcycloeddPctr 

Compd C-l c-2 c-3 c-10 c-11 c-12 c-14 c-15 C-16 c-17 ArH t-hi 

3c 

30 

3f 

Sd 

Se 

5f 

4d 

3.SO 2.04 4.06 5.52 2.42 2.11 5.72 6.9-7.4a 6.34 5.66 6.9-7.4 1.41 
(t1 (d) (s) (5) cd) (s,N$) (d) (t) (d) 0s) (s) 

3.54 2.35 
(t1 (d) 

3.47 2.25 
(t) (d) 

3.56 2.18 
(t) (d) 

3.57 2.35 
(t1 (d) 

3.57 2.26 
(t) (d) 

3.65 2.44 
0s) (dd) 

Jl,ls=Jl,16- 8.10, J2,1;- 7.5, J14,1s- 11.6, J16,17- 9.0 Hz 

4.91 5.30 2.57 2.32 5.77 6.9-7.4' 6.30 6.12 
(s) (s) (d) (s,CH3) cd) (t) cd1 

Jl,1S1Jl,16mJ2,111 7.5, J14,1s111*6, J16,17- 9.0 Hz 

4.94 5.43 2.43 3.64 S.6g 6.9-7.4a 6.43 6.15 
(sl (s) (d) (s,CH3) cd1 (tl cd1 

Jl.lS-Jl,16-J2,11- 7.5. J14,1s- 11.3. Jl6,17- 8.5 "x 

4.90 2.44 3.88 2.0lb 8.14 6.48 6.01 
(br s) (d) (d) (s.CH3) (dl (tl (t) 

J1 15- 9.0. J1,16-J2,11-J~2,17-7.5, J16,17- 7-g Hz , 
4.91 2.55 3.92 2.12 6.82 6.50 6.12 
(br s1 cd) cd) (s,CH3) (d) (t) (t) 

J1,1s=Jl,16- 9.0,J2,11- 8.25, J12,17-J16,17- 7.5 Hs 

4.92 2.46 3.94 3.47 6.15 6.53 5.96 
(br s) (d) (dl (s,CH31 td) (t) (t) 

J1,15aJl,16= 9.0, J2,111J12,17m 7.5, Jl6.17. g-25 "x 

4.76 3.47 2.1sc 6.14 6.9-7.4' 6.53 6.12 
(br sl td) (s&H31 cd) (t) (d) 

Jl 2- 6.5, J2,11- 9.0, J14,1s- 11.4, J16,17- 8.7 Hs 

6.9-7.4 1.38 
@I (s) 

6.9-7.4 1.41 
@I (s) 

6.9-7.4 1.37 
@I (s) 

7.0-7.4 1.38 
@I (s) 

7.0-7.4 1.39 
WI (s) 

6.9-7.4 1.32 
(e) (s) 

a, Overlapped with aromatic prot0ns.b. Plus 6 7.72(s,NH,exchangeable). 
c, Plus 6 2.04 (s,NH,exchangeable). 

signals of the flmctiolml groups at c-12. Thu.% tJJl%c 
adducts were umL!hxkd to be tk en&?xo<ycload- 
dnct8.IntbecascofId,thcpnsenccofacoupliI4J 
between H-l and H-2 (J-6.5 Hz) and the absence of 
~e~~wbcenH~ H-3 aad H-10, H-11 

Likewk,&ofadduct.9sd,*ands1were 
detemhdbycompldeanalyscsofthe~Jpectrah 
these cases, tbc sllbsthn~ (RI) bcated on c-14. 

TheyklldsofaddwtaoftypeS~within- 
cr&ngabukincssofR,.Adductoftype6waaaot 
obtained by these cychddith reacIions. 

photoc~ofthec.vcloaddrrcts.Alladdncthwas 
hadhtafwithahighgcssurc10&Wmcrcarylamp 
thro@aPyrcx51twundcrNzatroomtemperatunh 
tk presclx!e of BcvcXal m&ophilcs. Depend@ on the 
solventa used for photolysis, methyl ester 7, carboxylic 
FII&~F amides 9-11 were obtained in high yields 

. 

Tabk 3. Pbtolyscs of tmpomaddoct 3a 

Yd++_~ 

7-11 

Solvents Products Yield (8) 

MeOH 7,R-one 95 

MN-H20 (1:l) g,R-OH 9s 

sat.NH3-CHC13,NH3gas 9,R-NH2 90 

sat.MeNH2-C6H6 10,X-NINe 92 

sat.Ne2NH-C6H6 ll,R-NMe2 86 
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!$tmctd proofs were based on elemental analyses and 
spectroscopic data. 

Apparently, these pro&u& were formed by nucko- 
phitic additb of the solvents to the ketene intermediates 
which were formed by photochemical [3.31 sigmatropic 
rearraneement. 

other adducts were similarly irradiated in methanol. 
The results are summa&d in Scheme 2 and Table 4. 

!Wchues of the photoproducts were proved by the 
NMR spectra (Table 5 and 6, Experimental). 

Irradiation of compounds 3e, f,4d and Sd, e a&ded 
the umesponding methyl esters in good yields. Sii 
photolyses of 3c and 51, however, resulted in the for- 
mation of complex mixtures. It should be noted that 
photochemical behavior of tro@one adduct 3h was quite 
Merent from other adducts. On irradiation under the 
same conditions, compound 3b gave exchrsively diketone 
14 in almost quantitative yields. This observation is in 
accord with the results we have reported before.” 

Table 4. Photdyses of troponegdductsiumctbaaol 

Starting 

Materials Product (Yields)’ 

SC 

3e 

3f 

Sd 

se 

Sf 

Id 

3b 

complex mixture 

120 (95%) 

12f (92)) 

13d (6St) 

13e (60)) 

complex mixture 

12d (900 

14 (90)) 

a Yields are for isolated pure products. 

c,R, ==NHa 
d. R, = NHCOCH, 
0, R, = OCOCH. 
1, R, = OCHs 

Compd H-6,H-7 H-l,H-9 H-2,H-8,CH2Y H-3,H-4,H-5 ArH t-Bu Other protons 

8 5.70 4.78(s) 
(m) 5.01(s) 

9 5.88 
(m) 

4.84(s) 
5.07(s) 

1.9-2.16 
(m) 

1.85-2.23 1.28-1.67 
(m) (m) 

1.75-2.17 
(m) 

1.25-1.71 
(m) 

1.72-2.14 
(m) 

1.32-1.70 
(m) 

1.70-2.15 
(ml 

1.35-1.67 
(m) 

1.30-1.66 
(m) 

7.0-7.4 1.37 
(m) (s) 

7.0-7.4 1.37 
@I (s) 

7.0-7.4 1.37 
(m) (5) 

6.9-7.3 1.36 
(m) Cs) 

6.0-7.4 1.35 
(m) (~1 

3.59 
(s,Mel 

7.0.7.4O 
( CWH) 

5.611b 
(br sJH2) 

2.72(d,NMe) 

1.8Sb(br s.NH) 

2.85 
b me21 

a Overlapped with aromatic protons. b Exchangeable by D20. 
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TaMe6.‘HNMRSpOCMdatrOfpbotopoclh;lds 

Compd H-6 H-l,H-9 ArH C02CH3 41 t-Bu Other protons 

5.81 4.9415) 6.9-7.4 3.65 NHCOCH3 1.31 l.Z-1.9(m,3H;H-3,H-4 and H-5) 
12d 

12e 

1Zf 

13d 

13e 

(d,J-4.S) s.07isj w 

S-f7 S.fO(s) 
(d.J-4.S) 

7.0-7.4 
(ml 

3.58 
(SJ 

4.81 5.12(s) 
(d.J-4.5) S.23(s) 

7.0-7.4 
(@ 

3.61 
(SJ 

5.90 
@,2HJb 

4.81(s) 
S.OS(sJ 

7.0-7.5 
hJ 

3.62 
(SJ 

2.11(s) 

OCOCH3 

2.19(s) 

OCH3 

3.61(S) 

NHCOCH; 

1*91(s) 

(S) 2.0-3.0(m,SH;~,CH2,H-2 and H-8) 

1.39 1.2-2.5(m,?H;H-3,H-4,H-5. 
(SJ CH2,H-2 and H-8) 

1.39 l.l-~.~(H,~H;H-~,H-~,H-S, 
(SJ CH2,H-2 and H-8) 

1.36 l.l-2.6(n,SH;H-3,X-4,&5, 
(SJ H-2 and H-8) 

4.01(t.J-9.O;CH) 

5.89 
(m.2HJb 

4.84(s) 
5.07(s) 

6.8-7.4 
bJ 

3.64 
(SJ 

0COCH3 

2.06(s) 

1.38 1.3-2.6(a,SH,H-3,H-4,H-5, 
(SJ H-2 and H-8) 

4.38(d,J-9.O;CH) 

a Plus 63.42 ( s; NH,exchangeable J, b Overlapped with the signal for H-7. 

-All 

~p~fo~c~~ 
Asdnof f:lmixQmof1’~andderivrtin~ill~bc* 

zcncwasln!atalat12&1winasaak!daibcfor120_130hr. 
~yo~~~v;t,r~nixture was mrikd by 

(a) wti zoninahqpwu (zc). A soln of 1 (0.49& 2.02miml.I 
and 2c (0.25g. 2mamof) in cblorow (Smi) was heated. 
C~hY~~~~C~~fO~~ 
mryatd7&on f&m bellmE gave adduct k @.48g,as%) M 
cob&w lxysrah: n&l 165-16q IR@m) 3400, MO, 166ocm-‘; 
UV (c&ad) A- Uo MI (c X01), 271 (14121,326 (82). @onad: 
C, 76.01; H, a.#); N, 6.25. Calc. for C&&O&J&: C, 75.99; 
H, 6.83; N, 6.33). 

(b) wul 2e ml). A soh of 1 GOg, 
8.23mmol) and 23 (up, 736alnlol) in chkndnatare wn@ 
~~~~~~~~~~~Y~ 
iaorof~n-bexaac.mtifractiongsve~sd &29& 
40%) aa cdorkss cry&&: m.p. 205-m @OH); fR(K Br) 3330, 
1683,1665.1652# 162& 15ot3cal-‘; w @tOrQ s, 2!wnm (c 
.rrcrrr), 26wm, 2720107). 28wa2~,32ao. (~oond: c, m.73: 
H, 650; N, 7.13. Calc. for C&&O,. C, 70.91; H. 6.4% N, 
6.89%). 

~~~~~U~.61&1~)~~~: 
mp 229-231’ @llmf ofawbxw); mKBr) 3394 las7,1673* 
wo* 1492cm-‘; w (EmHI & 259nm (c 2979). 2wm 
271(2128), 326(85). (-Pow& C, 70.61; Ii, 6.73; N. 6.90. Cak. for 
C&&O4 C. 70.91: H, 6.4% N. 6.8996). 

(c) m zacuoxyhufme P A sob of l(@gG&2o=w&I 
md2t(0.33g*201mmd)iecllbdmm 
~~~‘4~~~~~~Y~ 
~~~~~H~~~(~l~~) 
ud L (on& 45%). A&Et 3E mp 187~lwi IR@Jir) 1745, 
1% 1667, lwr. 1wcm-‘; IJV @ItOH) A,, w)nm (c 57lOh 
264(2039), 271(M), 326@). (pamIt C, Xk.51; H. 621; N, 3.U. 
Cake for &H&IO,. C, 70.74; H, 6.18; N, 3.44%). Addw * 
iup. 222-m IR(KBr) 1767,laas. 1427,1206cm-‘; w 0 
A,, 245 lun (e 6379). 272@92), 326wO). tFaundz c, 7lw H, 
6.13; N, 3.45. Cak. far C&f&Q. C, 70.74~ H, 6.18; N, 3.44%). 

(d) R?th 2-mdhoxytrvpm (2f.h A sdn of 1 (OS& 4.07 
mmol) and 1 (OJSg, 4*04mol) ill cm (2od) was 
~~~~c~~~a~~ 
~~~.~~~~~~~O*~~ 
4tI%) as darh crystak l&p* 1oww (dicblaromsthraMI_ 
bcxanc); IR(KBr) 1670,1653cd; UV @tOIf) A.., 263nm (t 
23OD). 271(1533), 326(1&l). (ponnd: C, 7291; H, 6.52; N, 3.70. 
Cak. for &&NO,. C, 72a; H, 6.64; N, 3.69%). Tbc mcmd 
fracth gave a (0.25 g; 16%) as cdorlw ayat8ls: m.p. 147-w 
(*Nti); fl@Br) 16@, 1660, 143, 
1122 cm-‘; w @toH) A, 264lm (c 4049), 271(4124), 
282@m), 327(M). ((l’otn& C. 73.02; H, 6.62; N, 3.8). Cak. for 
C&NO~ C. 7280; H, 6.64; N, 3.69%). 

C&,NO,. C, 72.4% H, 7.13; N, 3.67%). 
(b)~y~of3t~~~--wola,Asobroi~(lU1~ 

0.43 md) in luxtm&be (1: 1) (looull) wa8 imdiu for 
3Jllr. v flual etfku* mve 8 womq, 
93%) aa nccdka, al.p. 168-m IR(KBr) 17311, 1615cal-. 
(Potmdz C. 72.00: H. 659: N. 3X Cak. for CaHzrNo* C, 71.91: 
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cllhxoform-n-bcxanc 8ave 11 (134mg, 86%) Bs neulles. ap. 
1661670; IR(KBr) 1685,1639cm-‘. (Found: C, 73.24; H. 7.63: N, 
7.25. Calc. for CbJI&&. C, 73.06; H, 7.67; N, 7.10%). 

(f) PWolysh of 31 hi met- A solo of 3c (2oom& 
0.49 mmon in dry hi&H (100m1) WBS hdiad for 1.5 hr. 
Rccryd irom MeOH gave l& (20.5 me, 95%) as needle, 
ma. W-132”: lRlKBd 1755. 1730. 168Ocm-‘. (Fom~!. C. 68.42; 
H. 6.66; N. j33.‘ C&. for &H&O& C, 68.32; H, 6.65; N, 
3.19%). 

(g) plkorolgsir of 3j &I &Off. A soln of 3f (147 m& 0.39 mmol) 
indryMeOH(80ml)was~~for05hr.Recrystallitation 
from McOH lplve 121(147mg, 9296) as needles. m.p. !4S-!4P; 
IR(KBr) 1738,1690, 1395, 137Ocm-‘. (Found: C, 7OXt H. 7.16; 
N, 3.62. Calc. for &&NOs. C, 70.05; H, 7.10; N, 3.40%). 

(h) Fho&yti of 51 in MeOH. A soln of Sd (197mg. 
0.49 mmol) in dry McOH (85 ml) was inadiated for 1 hr. Re- . . 

staumbm from dichloromethancn-h gave 1Jd wm, 
ii%) BS needles, m.p. 148-1W; IR(KBr) 1725,1673,1642,1625, 
13SOcm-‘. (Founds C, 69.27; H, 6.85; N, 6.64. Cak. for 
&H&O,. C, 68.47; H, 6.90; N, 6.39%). 

(i) phorollsis of Sa Irr MeOH. A sdn of Se (IS6 mg, 0.38 mmol) 
io dry McOH (‘7U ml) was inadiatul for 1.5 hr. Rccrystahtion 
from dictdorome~Phex gave 13e (1OOmg. 60%) as 
needles, m.p. 129-131”; IR(KBr) 1758, 1735, 1692cm-‘. (Foond: 
C, 68.32; H, 6.70; N, 3.38. Calc. for CnHa& C, 68.32; H, 6.65; 
N, 3.19%). 

(jj #totolysis of U In M&H. A soln of U (21 mg. 0.05 mmol) 
in dry McOH( 70 ml) was inadktcd for 0.5 hr. R~stallization 
from chloroform-n-bane gave 12d (18mg. 8046) as needles, 
m.p. 123-12.5’; IR(KBr) 17W. 1685, 1645, 154Ocm-‘. (Found: C, 
68.35; H. 6.87; N, 6.40. Calc. for CzH&Or. C, 68.47; H, 6.90; 
N. 6.39%). 

Q plbfdgsis of 3) tr n&ha& A soln of Jb (217mg, 
059mmol) in dry McOH (l!MJml) was irradii for 1Jbr. 

Cbronm!ogqhyonsilkagelusiugCHC!&,followcdbyrecrye 
tallihon from bacre-n-bexane gave 14 (195a 90%) as 
aeedks, ap. 171-172”. IR(KBr) 1748, 1700, 1685cm-‘; 
NMR(CDC&) 8 1.33 (9H, s), 15-2.5 (6H, m; W-4, W-5 sod 
W-8). 263 (!H, d, Jx,fi=5.7Hz: H-2). 3.48 (1H. d: H-10). 5.14 
(!H, s; H-l & H-11):5.62 (!H, I: H-i-& H-il).;.&fA (iii. m; 
ArH). (Found: C, 76.03; H. 6.73; N, 337. Cak. for 
CnHnNOcC& C, 75.82; H, 659; N, 3.16%). 
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