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Abstract. The addition oN-haloimides {-5) to alkene® alkene and varied between 58 : 42 and >95 : <5. Tempera-
via imidyl radicals6—8 introduces a halogen atom and an ture dependend studies showed highrers/cis-selectivities
imidyl moiety to vicinal C-atoms of a carbon chain. With cy- at elevated temperatures, which may be caused by different
clic alkenes, thérangdcis-stereoselectivity depends on the conformations of the adduct radicdl®-12, each of them
nature of the imidyl unit, on the halogen atom, and on theexhibiting a different stereoselectivity.

N-Haloimides {-5) are used in two types of radical In this work, the addition to cyclic alken@sas been
chain reactions: (i) the selective Ziegler bromination ofinvestigated. Such additions may give a variety of prod-
allylic and benzylic positions [1], which are bromine ucts: regio- and stereoisomers. The regioselectivity of
atom chain reactions [2] and (ii) imidyl radical [3, 4] the radical addition olN-haloimides has already been
chain reactions like substitutions and especially addistudied [7]. This selectivity is determined during the

tions to double bonds [5, 6, 7] (see scheme 1). first step of the radical chain when an imidyl radi&al
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Scheme 1 Radical addition oN-haloimidesl-5 to alkene® to form addition products3—-17

1) Imidyl Radicals. 2: see ref. [7]
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8 adds to the alken@ forming an adduct radicdlo—  1,8-dicarboximide ). Some of the addition products
12. But reversible addition may lead to changes in thel3—17 are literature-known, the addition Nfchloro-
regioselectivity [7]. 3,3-dimethylglutarimide4) andN-bromonaphthalene-
In the second step of the radical chain, the haloget,8-dicarboximideR) to a variety of alkene®yielding
atom is transfered from a#haloimidel-5to the ad- the addition productd6 and17 was not studied yet.
duct radicall0-12. In this transfer reaction, a second Therefore, not only the reaction #fand5 with cyclic
stereocenter may be established. But in contrast to treElkeneQa—h has been investigated but the addition to
addition of the imidyl moiety to the alkene the halogenstandard alkenes like 3,3-dimethylbute®@ @nd 1-
atom transfer to the adduct radicald-12 is not re- octene 9j) has been carried out for comparison as well.
versible because the radical character is lost and the noAs with otherN-haloimides [7] the addition to 3,3-
radical productd3—17are formed. With cyclic alkenes dimethylbuteneqi) only gives thex-regioisomers. But
9, two possible orientations of this halogen atom in rethe addition o# and5 to 1-octene{j) gave two regio-
spect to the imidyl moiety are possibtés andtrans  isomers as did the additionslf3. As seen foN-bro-
(see scheme 2). Both elements oMahaloimide, the  mo- (1) andN-chlorophthalimide %), also the addition
imidyl moiety and the halogen atom may influence theof the N-chloroglutarimide4 was more selective than

stereoselectivity. the addition of the bromo compouBdA small regio-
selectivity was also found for tilebromonaphthalene-
R! 1,8-dicarboximideX):

Rt alB-ratios forN-bromoimides: 80 : 20,3: 60 : 405:
@ . im 67 : 33.

H alB-ratios forN-chloroimides2: 93 : 7,4: 90 : 10.

9a-g 6-8 18 "
< Im/\rCGHB X/\rCGHIS
R! X Im
/\g\m I m | a-isomer B-isomer
X=Im — cis-9a-g
R! 15 H Rl

All new addition productd3-17 have been fully
characterized. In cases where microanalyses failed high

Im anti-attack
\/@"m S Im  trans-9a-g resolution mass spectra (HR-MS) were recorded to
8y o ! prove the composition, and the purity of the compounds
was checked by GC if not stated otherwise in the exper-
Scheme 2The addition of imidyl radicald-5 to cy- ~ Imental section.

cloalkenesda—g forms adduct radicals8. Halogen transfer T study the stereoselectivity of the radical addition,
by syn or anti-attack gives the stereoisomeis-9a—g and  five N-haloimides1-5 have been treated with seven

trans-9a—g. cyclic alkene®a—g and with the bicyclic norbornene
(9h). Table 1 summarizes thrng/cis-ratios for the ad-
Therefore, we have investigated the stereoselectivitglition to the cyclic alkenea—g, Table 2 lists thexd
of the addition of five differeri-haloimides to cyclo- €ndeisomers of the additions to norbornene. The ste-
alkenesN-bromophthalimide), N-chlorophthalimide r_eosel_ectivities were directly determi_ned_from _the reac-
(2), N-bromo-3,3-dimethylglutarimide3}, N-chloro-  tion mixtures by GC otH NMR. During isolation, a
3,3-dimethy|g|utarimidezo, and N-bromonaphtha|ene- Change of the concentration of one isomer in respect to

Table 1 trangcis-Ratios for the addition df-haloimidesl—5 to cyclic alkene9a—g at 40 °C, determined by GC t NMR.
If only one isomer could be detected, >95 : <5 is listed.

addition 1 2 3 4 5

to trans/cis trans/cis trans/cis trans/cis trans/cis
9a 13a:92:8b) 14a:>95:<5 15a:>95:<5b)

9b 13b:92:8b) 14b: 97:39) 15b: >95:<5b) 16b: 94:6 17b: >95:<5
9c 13c¢:>95:<5 14c¢:>95:<5

9d 13d:97:3 14d: 74:26 16d: >95:<5

9e 13e:87:133)b) 14e:58:423)

of 13f: 92:89) b) 14f: 64:369) ©)

99 139:87:13°9)

8 Only a-isomer. Y) Ref [6]. ©) Ref [7].
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Table 2 Stereoisomer distribution of the produt&h, 14h A decrease of the temperature has two effects on the
and16hobtained by the addition &-haloimidesl, 2and4  radical additions: (i) In general, the yields drop, which
to norbornenegh) suggests that competing reactions like hydrogen abstrac-
imidyl halogen 13h 14h 16h tion or chain terminations are less influenced by de-
ex0 ex0 59 55 20 creasing temperature. Reduced adducts resulting from
exo endo 18 22 30 hydrogen transfer to the adduct radicals-12 have

endo exo 24 23 30 been isolated as by-products. (i) The stereoselectivi-
endo endo <5 <5 <5 ties decrease with decreasing temperature. This is not

in accord with the reactivity—selectivity principle. But
_ _ _the effect can be explained by two competing reactions:
the other(s) was observed in some cases. This explaing stated above, the conformations of the adduct radi-
the different isomer ratios in Table-3 and in the ex-  ¢41510-12 are important for the observed stereoselec-
perimental. . . tivities (see scheme 3). Therefore, calculations have been
As Table 1 shows, in all additions thians-products  carried out on the adduct radicals with cyclohex@me
are favored. The selectivities vary from 58 : 4210 >95 The conformations of 2-imidyl substituted cyclohexyl

<5 and depend on (i) the nature of the alk&r@) the  (agijcals and related ones have been calculated with dif-
imidyl moiety, and (iii) on the halogen atom. ferent methods (see Table 4).
Since the stereochemistry of the second stereocenter

is established during the abstraction of the halogen atom

by the adduct radical0—12, the transition states for anti-attack anti-attack

this reaction step must be inspected to understand the \
trans-selectivity. In the adduct radicha0—12, the first —

stereocenter is already formed by the addition of the kg\ R v&

imidyl radical 6—8 to the alkened. This results in a €919 1 R ax-19
differentiation of the two sides of the cyclus, and an /

attack of arN-haloimide will be slowed down if it oc- syn-attack syn-atack

curs as aynattack rather than aanti-attack.

The reactions of the-halophthalimide4 and2 with Scheme 3.Thetrangcis-ratios of the products3a-g—17a-
seven- or six-membered cyclic alkenes, respectively, aB are determined by theyn or anti-attack of theN-haloimi-
low to study the influence of the substituentst®R* des1-5 on the 'ad_duct radicaltd which exist as two con-
on the stereoselectivity and show the dependence of t{@rmers in equilibrium, ed-9 and ax9.
trangcis—atios on the nature of the halogen atom, too.
Eight additions have also been investigated at different In all cases calculated, the equatorial orientation of a
temperatures: (i) the reaction®bfvith four alkenesqa,  substituent in 2-position of a cyclohexyl radical is ener-
b, d, f), and (i) the reaction of all fiv-haloimidesl—  getically favored. But in a number of calculations the
5 with cyclohexene9qb) (Table 3). energy difference is less than 2 kcal/mol, arguing for a

Table 3 Temperature dependence of ttangcisproduct ratios obtained from the additiorNafialoimidesl -5 to cycloalkenes
9

addition of : 1 2 3 4 5
T(°C) trandcis yield trandcis  vyield trang/cis yield trangdcis yield trandcis yield
(%) 9) (%) (%)) (%)) (%) 9)

9a 40 92:8 33
0 94:6 23
—78 87:13 12

9b 40 92:8 29 95:5 27 >95:5 24 94:6 41 >95:5 15
0 89:11 26 - 0 >95:5 29 74 : 26 14 >95:5 14
—78 77:23 20 >95:5 32 - 0 - 0

9d 40 97:3 27
0 87:13 8
—78 74 : 26 3

of 40 92:8 25
0 92:8 17
—78 94:6 11

3 Based orN-haloimidesl—5.
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Table 4 Calculated energy differences (in kcal/mol) between the axial and equatorial conformers of 2-substituted cyclohexyl
radicals19, andaxiallequatorialratios ax19: eq49 calculated for 29K (in parentheses).

method substituent R
succinimidyl phthalimidyl glutarimidy®) naphthalene- phenyl-
1.8-dicarboximidyl
PCM 4.68 5.13 6.14 5.21 2.71
(0:100) (0:100) (0:100) (0:100) (2:99)
AM1 1.88 1.87 2.78 2.79 1.65
(4:96) (4:96) (2:99) (2:99) (6:94)
STO-3 2.10 1.97 3.44 3.35 2.42
(3:97) (3:97) (0:100) (0:100) (2:98)
3-21G 1.12 1.16 1.94 1.94 251
(13:87) (12:88) (3:97) (3:97) (2:99)
6-31G* 2.32 2.70
(2:98) (2:99)

8 The glutarimidyl ring was unsubstituted in 3-position.

non-neglectable population of the axial conformer atshielding by a methylene or an ethylene bridge in the
room temperature (up to 13% in Table 4). norbornane bicyclus.

Therefore, at elevated temperatures the reactions of
both conformers with ah-haloimide1-5 contribute ~ We thank Prof. Dr. C. Richardt for his generous support of
to the stereoselectivity. In the conformerixcarry- thIS' work and J. Sommer and R. Zimnier experimental
ing an axial imidyl substituent, synattack will be ~ assistance.
strongly hindered and therefore this conformer will con-
tribute to a largérans-selectivity. In contrast, the dis-
crimination betweesyn andanti-attack on the radical

eg-19 with the imidyl substituent in equatorial position

will be smaller. If the temperature is decreased the cor?fgféa'&ﬁ’(?ncee%?rseof%rﬁ‘; Eﬁ%igﬂﬁgfeitmfﬂﬁfmfﬁn

tribution of the S.e.conq stable axial con_forr_nation to th%o mL of dichloromethane. Then 3.00 mmoNshaloimide
obser\_/e_d selectivity will d_ecrease resulting in the smallef _ g \yas added. Irradiations &f-chloroimides 2, 4) were
selectivity of the equatorial conformer. carried out in a quartz flask, or in a Pyrex flask after addition
In Table 2, the observed isomer distributions for theof an initiator (AIBN or ditert-butylperoxide).N-Bromo-
addition of threé\-haloimidesl, 2 and4 to norbornene  imide (1, 3, 5) runs were irradiated in Pyrex flasks (see tables
(9h) are compared. In all cases #wexcisomer is  5-10 for details). The mixtures were irradiated by an UV
favored, and thendgendoisomer could not be detect- lamp (distance to thetf)lask ﬁ cm). ffl)ue tTOhthe |3m? Eeat, the
. reaction mixture was brought to reflux. The end of the reac-
edDue to the bicyclic structure the conformations oftion was detected by a potassium iodide-starch paper, see also
the alkenedh and of the adduct radical®h and11h  'ef- [4€]. Work-up procedure (see also tables):
are not very flexible. In the first reaction step, the imi-Method A After evaporation to dryness, the product was pu-
dyl radicalé or 7 can add from thexo or theendeside  fified by column chromatography (Sj@nd dichlorometh-
to norbornenegh) forming theexoadduct radicalexo ~ 2"€)- .
10h or exa11h. Theexcoattack is favored for both im- Metho.d B After evaporation to erness, the crude product
idyl radicalsé and7, and thesxcorientation of the im- ~ Was dissolved in ca. 20 ml of dichloromethane and washed

. C L . 3 times with 20 ml of sodium bicarbonate (10% in water).
![E]Z}I g:gldel?étlss found in 70%1(6h) to 77% (3h, 14h) of After drying the organic layer with magnesium sulfate, the

: . . . . solvent was distilled off, and the residue was recrystallized
The orientation of the halogen atom is determined ifrom ethanol/water (1:1).

the second reacthn step. As in the first stepe)E.tn Method C After evaporation to dryness, the product was dis-
attack competes with @ndoattack but now the orien-  gqyyeq in ca. 20 mi of dichloromethane and was washed three

tation of the imidyl substituent has an influence on th&jmes with 20 ml of 8 NaOH. The organic layer was sepa-
product formation as well. For the halogen transfer, theated and dried with MgSPAfter evaporation to dryness,
exoorientation is favored even more: 70%6k), 78%  the residue was either recrystallized from water/ethanol (when
(14h) and 83% 1{3h). Thesyn oranti-effect of the im-  solid) or filtered through silica gel with ethyl acetate followed
idyl substituent is therefore not as important as théy removal of the solvent.

Experimental
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Table 5 Addition of N-haloimidesl—5 to alkene®: irradiation times, yields and elemental analysed 817

Irradiation Yield (%)) Formula Elemental analysis
time (min) work-up method (molecular weight) found
(glassware, initiator) calculated
%C %H %N
13c 20 13 GsH16BrNO, 55.99 5.04 4.16
(Duran) A (322.20) 55.92 5.01 4.35
13d 150 35 (NMR) GeH1gBrNO, 56.88 5.26 4.15
(Duran) 21 (isolated) B (336.23) 57.16 5.40 4.17
14ab) 1770 35 G3H1.CINO, 62.82 4.77 5.49
(Duran, air, 100 mg A (251.71) 62.53 4.84 5.61
of AIBN)
l4c 1240 39 (NMR) GsH16CINO, 64.63 5.79 4.81
(Quartz, air, 50Ql B (277.75) 64.87 5.81 5.04
of di-tert-butylperoxide)
14d 660 46 (NMR) GeH1CINO, HR-MS: found: 291.1016
(Quartz, air, 10l of 11 (isolated) (292.77) calcd: 291.10260
di-tert-butylperoxide) B
14e 40 25 (NMR) G,H1CINO; 56.89 3.75 5.56
(Quartz) 21 (isolated) A (251.67) 57.27 4.01 5.57
14h 195 61 (NMR) GsH14.CING, 65.05 5.19 5.00
(Quartz; air, 10Qul 5 (isolated) B (275.73) 65.34 5.12 5.08
of di-tert-butylperoxide)
16b 582 G3H,CINO, HR-MS: found: 257.1181
(Duran, 30Qul of D (257.76) calcd: 257.11823
di-tert-butylperoxide)
16d 330 25 (NMR) GsH,,CINO, 62.83 8.34 4.84
(Quartz) 13 (isolated) C (285.81) 63.08 8.40 4.90
16h°) 95 40 G4H,CINO, HR-MS: found: 269.1183
(Duran, 50ul of E (269.77) calcd: 269.11822
di-tert-butylperoxide)
16i 120 75 G5H,,CINO, 60.03 8.44 5.38
(Duran, 10Qul of C (259.78) 60.11 8.54 5.39
di-tert-butylperoxide)
16j 495 46 GsH,sCINO,) HR-MS: found: 287.1653
(Duran, 25Qul of D (287.83) calcd: 287.16519
di-tert-butylperoxide)
17b 55 15 (NMR) GgH16BrNO, 59.43 4.56 3.76
(Duran) A (358.23) 60.39) 4.50 3.91
17i 115 35 GH1gBrNO, 59.96 5.01 3.79
(Duran) A (360.25) 60.01 5.04 3.89
17j 60 21 GoH2BrNO, 61.44 5.71 3.61
(Duran) A (388.30) 61.86 5.71 3.48

HR-MS: found: 387.0831
calcd: 387.08340

8 Based orN-haloimidesl —5. ) 10 mmol of2, 100 mmol of cyclopenten84), 150 ml of dichloromethane€) 25 ml of dichloromethane.
d) In thelH NMR spectrum, no impurities >5% were found.

Table 6 Addition of N-halophthalimided and?2 to alkene$®. 'H NMR data of the addition product8, 14 and17 [d (ppm),

250 MHz, CDC}, TMS].

-CH-Im and -CHBr
(former alkene)

4.50 @t= 10.0 Hz,J4y = 3.0 Hz, 1H)
5.98 (dddJ = 12.0 Hz,J = 8.0 Hz,

alkyl protons
(former alkene)

13c 1.5-2.0 (M, 6H) 2.1 — 2.5 (m, 4H)

arene protons
(former imide)

7.72 (m 2H)
7.85 () 2H)

J = 4.0 Hz, 1H)
13d? 1.5 — 2.1 (M, 9H) 2.1 — 2.6 (m, 3H) 4.70 (dde; 2.1 Hz,J = 8.9 Hz,d = 11.0 Hz, 1H) 7.72 (m 2H)

5.16 (ddd,) = 3.1 Hz,J = 5.5 Hz,J = 11.0 Hz, 1H)  7.85 (I 2H)

14a 1.9 - 2.3 (m, 5H) 2.45 (n1H) 4.73 (g, 2H) 7.73 (m, 2H)
7.85 (m, 2H)

14c 1.5 - 2.4 (m, 10H) 4.37 (dl,= 2.8 Hz,J, = 10.4 Hz, 1H) 4.79 (ddd,  7.72 (n2H)
J=4.0Hz,J=8.2HzJ=10.1Hz, 1H) 7.85 (m 2H)
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Table 6 (continued)

-CH-Im and -CHBr
(former alkene)

alkyl protons
(former alkene)

arene protons
(former imide)

14d

l4e

14h

17b

17if)

17jb) 0.84 (m, 3H)

1.3-2.6 (m, 12H) 4.2 -4.4 (m, 0.6134.6 (dddJ = 10.7 Hz,
J=8.8Hz,J=2.1Hz, 0.7 Hyrans4.95 (ddd,
J=8.7HzJ=5.8HzJ=29Hz 0.7 Hjrans
4.62 (ddd] = 8.6 Hz,J = 6.9 Hz,J = 10.2 Hz,
0.45 Hyis5.01 (dddJ = 5.1 Hz,J = 3.7 Hz,
J=7.1Hz, 0.55 Hjrans5.98 (d,J = 4.0 Hz,
0.55 Hjans6.17 (d,J = 7.0 Hz, 0.45HYis

2.23 (ddddJ) = 7.0 Hz,J = 5.2 Hz,J = 6.1 Hz,

J =13.2 Hz, 0.55H}rans, 2.58 (dddd,) = 3.1 Hz,
J=8.4Hz,J=7.0HzJ=11.6 Hz, 0.45 H}is,2.79
(ddt,Jy=10.2 Hz,J; = 12.3 Hz,J, = 9.1 Hz, 0.45H)
cis,2.95 (dgJ, = 6.8 Hz,J, = 13.6 Hz, 0.55H)
trans 3.98 (dddJ) = 7.0 Hz,J = 8.2 Hz,J = 8.9 Hz, 0.45H)
cis,4.16 (dt,Jy = 8.2 Hz,J, = 6.7 Hz, 0.55 Hjrans,4.31
(ddd),J = 6.1 Hz,J = 7.0 Hz,J = 8.2 Hz, 0.55H}rans,
4.50 (dddJ = 9.3 Hz,J = 3.2 Hz,J = 8.1 Hz, 0.45Hkis
1.2 - 1.9 (m, 4H)

1.9-2.2 (m, 1H)

2.2—2.7 (m, 2.89H)

3.0-3.0 (m, 0.11H)

1.4 — 1.6 (m, 2H)

1.7-1.9 (m, 1H)

1.9 - 2.1 (m, 3H)

2.4-2.6 (m, 2H)

4.11 (dd,= 2.4 Hz,J = 5.5 Hz, 0.58HY)

4.25 (0.22 HY}) 4.61 (t,J = 4.0 Hz, 0.31HY)
4.97 (0.58H))

5.25 (dd= 3.7 Hz,J = 2.1 Hz, 0.31HY)

5.27 (M2H)

1.25 (s, 9H) 4.30 (dd) = 14.0 Hz,J = 3.0 Hz, 1H)
4.62 (ddJ = 11.0 Hz,J = 3.0 Hz, 1H)

5.02 (ddJ = 14.0 Hz,J = 11.0 Hz, 1H)

4.36 (dd,) = 6.0 Hz,J = 13.0 Hz, 1H)

1.1 - 1.5 (m, 8H) 4.54 (1H)

7.69 (ip 2H)
7.81 (i 2H)

7.76 (rp 2H)
7.88 (g 2H)

7.73 (m, 2H)
7.87 (m, 2H)

7.77 (ddJ = 8.2 Hz,
J=7.3Hz, 2H)
8.22 (dd,J) = 1.2 Hz,
J=8.2 Hz, 2H) 8.60
(m,, 2H)

7.78 (dd1= 9.0 Hz,
J=7.0Hz, 2H)
8.26 (dd,= 9.0 Hz,
J=1.0Hz, 2H) 8.64
(dd,J = 7.0 Hz,
J=1.0Hz, 2H)
7.74 (ddl= 8.0 Hz,
J=7.0Hz, 2H)

1.74 (m, 1H) 4.75 (ddy = 8.0 Hz,J = 13.0 Hz, 1H) 8.21 (ddj= 8.0 Hz,

1.89 (m, 2H) J=2.0Hz, 2H) 8.59
(dd,J = 7.0 Hz,
J=2.0 Hz, 2H)

3 Only thetrans-13d was isolated.?) The pure isolated product was tirel 7j. In the crudéH NMR 33% of3-17j was found § = 4.16).
) exolmidyl, exaCl. 9) exolmidyl, endeCl. € endolmidyl, exoCl. f) Only one regioisomer was found in thé NMR.

Table 7 Addition of N-chloro-3,3-dimethylglutarimidej to alkene®. 'H NMR data of the addition product$ [d (ppm),
250 MHz, CDC}, TMS].

Nr. alkyl protons -CHIm- und -CHCI- CH CH,
(former alkene) (former alkene) (former imide) (former imide)
16b  1.2-2.3(m, 8H) 4.66 (ddd,= 12.0 Hz,J = 11.3 Hz, 2.50 (s, 4H) 1.10 (s, 6H)
J =3.9 Hz, 1H)trans, 4.80 (dtJ, = 11.1 Hz,
Jy=4.4 Hz, 1H}rans 5.7 - 5.8 (m, 1H)
cis5.9 - 6.1 (m, 1Hkis
16d 1.4-1.8(m, 8H) 4.95 (ddd,= 11.0 Hz,J = 5.65 Hz,J = 2.9 Hz, 2.51 (mp 4H) 1.07 (s, 3H)
1.9-2.1(m, 2H) 1 H)5.17 (ddd~= 10.7 Hz,J = 7.9 Hz, 1.15 (s, 3H)
2.1 -2.4 (m, 2H) J=1.4Hz, 1H)
16h  1.1-2.7 (m, 18H3) 4.24 (d,J = 6.8 Hz, 0.3H)) 3 3
4.34 (d,J = 6.8 Hz, 0.3H}y)
4.59 (ddJ = 2.0 Hz,J = 6.8 Hz, 0.4HY)
4.86 (m, 0.7H)® 9 5.23 (ddJ = 2.0 Hz,J = 3.8 Hz, 0.3H})
16i 1.11 (s, 9H) 3.80 (dd] = 14.0 Hz,J = 3.2 Hz, 1H) 2.52 (s, 4H) 1.13 (s, 6H)
4.13 (ddJ = 10.5 Hz,J = 3.2 Hz, 1H)
4.42 (ddJ = 14.0 Hz,J = 10.5 Hz, 1H)
16j° 0.88 (m, 3H) 3.77 (ddJ = 12.3 Hz,J = 3.5 Hz, 1H)x 2.53 (s, 4H+p 1.12 (s, 6H+g

1.1 - 1.8 (m, 16H) 4.2 - 4.3 (m, 2H)
3.63 (ddJ = 11.3 Hz,J = 5.3 Hz, 1H)3

4.0-4.1(m, 2HB

) The alkyl protons of the former norbornene and the proton of the imidyl moeity overkam Imidyl, endeCl. - c)exoImidyl, exoCl. -
d) endeImidyl, exoCl. € The crude reaction mixture contained 90 % ofdhegioisomern-16j and 10 % of th¢-regioisomei3-16;j.
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Table 8 Addition of N-Haloimides1-5 to alkene®. Chromatography details, melting points and MS data of the addition
productsl3—-17

chromatography m. p.(°C) m/z(%) (El, 70 eV)
(SIO,/CH.CL,), R
13c A, 0.65 99 - 108 321, 323 (M, 10, 10), 242 (M—Br, 42), 186 (45), 160 (34), 148 (100), 130 (37), 105
(14), 104 (42), 95 (51), 76 (44)
13d B 76 (EtOH/HO) 335, 337 (M, 5, 5), 256 (M—Br, 21), 186 (Mgt Br, 59), 173 (M—-GH,,Br, 13), 160
(39), 148 (100), 130 (35), 104 (26)
l4a B 133 (EtOH/HO) 249, 251 (14, 4; M), 186 (M-E1,Cl), 160 (8), 148 (100), 130 (40), 105 (10)
14c A, 0.78 839 277,279 (22, 7, M), 242 (6, M—Cl), 186 (100, MHZCI), 173 (9, M=GH.CI), 160
(36, M=GH,(Cl), 148 (95, M—GH,Cl), 130 (54), 105 (17), 104 (44)
14d A, 0.82 55 — 58) 291, 293 (17, 6, M), 256 (6, M—ClI), 186 (75, MsHGCl), 173 (23, M—GH;Cl), 160
(35), 148 (100), 130 (37), 108 (31), 104 (29)
14e A, 0.62 and 0.57 95 215 (49, M-HCIYy), 187 (37, M~GH.Cl), 186 (26, M~GHCI), 148 (83, GH,CIO),
(isomers) 130 (88), 105 (34), 104 (33), 41 (100)
14h A 07 1123) 275, 277 (100, 37, M), 276 (38), 274 (36), 241 (15, M+H-CI), 240 (15, M—ClI), 239

(13, M=HCI), 211 (47, M—gHsCI), 200 (15, M-GH,CI), 186 (23, M—GH,CI), 172
(36, M=GH,Cl), 160 (41), 148 (57), 130 (25), 105 (6), 104 (28)

16b D yellow oil 221 (3, M=HCI), 142 (100, M—=Ei,Cl), 114 (18, M—GH4CIO)

16d C 94 (EtOH/HO) 285, 287 (2, <1, M), 250 (16, M—Cl), 180 (7, M#G.Cl), 142 (100, M—GH,,Cl),
114 (23), 83 (57)

16h E, 0.68 colorless oll 287, 289 (36, 100, M+NH), 270, 272 (63, 20), 234 (63)

16i C 110-115 259, 261 (11, 4, M), 203, 205 (22, 8, W, 168 (26, M—CGHCI), 154 (24), 151

(EtOH/H,0) (34), 136 (100), 108 (32), 83 (56)

16 D yellow oil 287, 289 (2, 1, M), 252 (7, M—Cl), 154 (11, M#G,), 142 (100, M—gH,,Cl), 126
(13), 83 (53)

17b A, 0.57 177 357, 359 (8, 8, M), 198 (100), 180 (12), 152 (6)

17 A 1609) 359, 361 (28, 29, M), 280 (9, M-Br), 224 (9, M#HGBr), 210 (59, M—GH, 4Br), 197
(100, M—GH,,Br)

17j A, 0.55 82 387, 389 (11, 11, M), 308 (44, M—Br), 210 (55), 198 (100), 197 (74), 180 (41), 152
(20)

a) After evaporation of the solvent) No mass peak in the El spectrum, but the Cl spectrum (isobutane) showed:M6€KiL00), 268
(11).°) CI-Spektrum (ammonia, 170 eV9) Ref [8]: 126 — 127 °C.

Table 9 IR data of the addition products, 14, 16 and17
v (cn})

13c  KBr 1765 (m), 1710 (s), 1395 (s), 1380 (s), 1355 (s), 730 (s)

13d  KBr 1765 (s), 1710 (vs), 1395 (s), 1385 (s), 1365 (s), 1115 (s), 730 (vs)
14a  KBr 1770 (m), 1705 (s) 1090 (m), 730 (s)

14c  KBr 1765 (m), 1705 (s), 1390 (s), 1380 (s), 725 (s)

14d  KBr 1770 (m), 1710 (s), 1380 (s), 1120 (m), 1090 (m), 725 (s).

14e KBr 1770 (m), 1720 (s), 1375 (s), 1060 (s), 725 (s)

14h  KBr 1765 (s), 1710 (vs), 1375 (s), 1110 (s), 720 (s)

16b  film 1730 (m), 1670 (s), 1460 (m), 1400 (m), 1360 (m), 750 (m)

16d KBr 1715 (m), 1685 (s), 1355 (s), 1275 (s), 1235 (s), 640 (m), 610 (m)
16h  film 1730 (m), 1680 (s), 1460 (m), 1420 (m), 1360 (M), 640 (m)

16i  KBr 1723 (m), 1675 (s), 1360 (m), 1145 (m), 630 (m)

16  film 1730 (m), 1680 (s), 1360 (m), 680 (m), 630 (m)

17b  KBr 1695 (s), 1655 (s), 1340 (s), 1240 (s), 785 (s)

17i  KBr 1645 (s), 1575 (s), 1315 (s), 1225 (s), 935 (m), 765 (s)

17j  KBr 1700 (s), 1660 (s), 1650 (s), 1385 (s), 1360 (s), 1335 (s), 1240 (s), 1175 (s), 770 (vs)

Table 10 Stereoselectivity of the radical addition ldfHaloimides1 — 5 to cyclic alkene®a — h. The selectivities were
determined from the crude reaction mixtures by GC#&htiMR. The retention times and the chemical shift used for the
determination of the stereoselectivity are listed.

GC or trans-product cis-product
IH-NMR ¢I(min) ord (ppm)
13c H-NMR onlyrans-product intH-NMR
13d GC 91 9
19.3 min 20.0 min

J. Prakt. Cheni999 341, No. 7 655



FULL PAPER A. Kirschet al
Table 10 (continued)
GC or trans-product cis-product
IH-NMR ¢I(min) ord (ppm)
13g9 H NMR 87 13
5.74ppm 5.55ppm
14a H NMR onlyans-isomer
14b 1H NMR 97 3
4.20,4.73 56-5.8,59-6.1
1l4c HNMR onlyansisomer
14d H NMR 74 26
4.57, 4.95 42-4.4
l4e H NMR 58 42
5.98 6.17
14f 1H NMR 64 36
4.98, 5.22 5.78
16b 1H NMR 94 6
4.66, 4.80 57-58,59-6.1
16d HNMR onlyansisomer
17b GCb) only one isomer

3 Ref. 7.9 GC-conditions: DB 1/25 m, 5 min at 100 °C, 10 °C/min until 250 °C, 20 min at 250 °C.

Method D See method C, but 20 ml of diethyl ether was

used to dissolve the crude product.

Method E See method A, but ethyl acetate/dichloromethane
(9:1) was used for chromatography. — In some cases the ma-

Chem. Soc1985 107, 6584; e) Y. L. Chow, D.-C. Zhao, M.
Kitadani, K. S. Pillay, Y. M. A. Naguib, T.-l. Ho, Chem.
Soc., Perkin Trans. 2,99Q 361; f) J. Lind, X. Shen, T. E.
Eriksen, G. Merényi, L. Ebersod, Am. Chem. Sod 991,
113 4629; g) P. H. Kasai, J. Am. Chem. S92 114,

terial was purified twice to obtain analytically pure material
(see Table 8 for details).

References

(1]

(2]

a) K. Ziegler, A. Spéth, E. Schaaf, W. Schumann, E. Winkel-
mann, Liebigs Ann. Cheni942 551, 80; b) L. Horner, E.

H. Winkelmann, Angew. Chenl959 71, 349

a) J. Adam, P. A. Gosselain, P. Goldfinger, Nature (London)
1953 171, 704; b) P. A. Gosselain, J. Adam, P. Goldfinger,

2875; h) J. L. Gainsforth, M. Klobukowski, D. D. Tanner, J.
Am. Chem. Soc1997, 119 3339; i) G. Merényi, J. Lind, L.
Eberson, Acta Chem. Scari®98 62, 62

a) J. C. Day, M. G. Katsaros, W. D. Kocher, A. E. Scott, P. S.
Skell, J. Am. Chem. So&978 100, 1950; b) U. Llning, D.

S. McBain, P. S. Skell, J. Org. Cheb®86 51, 2077

U. Lining, A. Kirsch, Chem. Bef.l993 126, 1171

A. Kirsch, U. LUning, J. prakt. Chem998 340, 129

J. C. Day, N. Govindaraj, D. S. McBain, P. S. Skell, J. M.
Tanko, J. Org. Cheni986 51, 4959

Bull. Soc. Chim. Belg1956 65, 533
[3] First publications on imidyl radicals: a) J. G. Traynham, Y.- Prof. Dr. Ulrich Llning
S. Lee, J. Am. Chem. Sot974 96, 3590; b) J. C. Day, H.
Lindstrom, P. S. Skell, J. Am. Chem. S&674, 96, 5616
[4] a) P. S. Skell, J. C. Day, Acc. Chem. R&878 11, 381;
b) U. Luning, P. S. Skell, Tetrahedr@@885 41, 4289; c) P.
S. Skell, U. Liining, D. S. McBain, J. M. Tanko, J. Am. Chem. Fax: Internat. code (0) 431 880 1558
S0c.1986 108 121; d) D. D. Tanner, C. P. Meintzer, J. Am. E-mail: luening@oc.uni-kiel.de

656

Address for correspondence:

Christian-Albrechts-Universitat zu Kiel
Institut fir Organische Chemie
Olshausenstr. 40

D - 24098 Kiel

J. Prakt. Chenil999 341, No. 7



