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Summary - w-Phenylalkyl-N-methylcarbamyl radicals undergo intermolecular 
addition to 3,3-dimethylbut-1-ene in preference to intramolecular hydrogen 
abstraction. Methyl N-6-phenylalkyl) carbamyl radical8 and methyl 
N-pentylcarbamyl radicals readily abstract hydrogen through a six membered 
transition state or a seven membered transition state if the hydrogen is 
benrylic. The relectivitiea are interpreted in term8 of the electro- 
philicity of the radical and the etereo-electronic requirements of hydrogen 
abstraction reactions. 

The structure and reactivity of amidyl radicals (la) have been studied extensively lB2S3.4 , 

however, their congeners, carbamyl radical8 (lb) have received little attention. 

X-C&R (a) X - alkyl, R = R or alkyl 

(1) (b) X = RO. R - B or alkyl 

(c) X - EtO, R - H 

(d) X - R - Ii 

No studies of the trends in hydrogen abstraction by either intramolecular or intermolecular 

processes have been made and only a limited number of intermolecular additions to olefins have 

been reported 2,5 . The ratea of bimolecular decay for several carbamyl radicals have also been 

determined6. In the same e.r.r. study, Ingold and cororkere have indicated that carbamyl 

radicals, like amidyl radicals, have a n-ground state in which an N-alkyl substituent eclipees 

the carbonyl oxygen. 

To elaborate further upon the similarities and differences between these cloeely related 

species, we have studied the intramolecular hydrogen abetraction reactions of a series of 

carbamyl radicals. 
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RESULTS 

Iatrawlecular hvdronen abstraction from the 0-alkvl side-chaiq. 

A eeriea of w-phenylalkyl-N-methylcarbamates (2~c) were prepared by reacting the 

corresponding alcohol with methyliaocyaate. Attempt.9 to convert (28) to its A-iodo derivative 

(2g) with preformed t-butyl hypoiodite7 or mercuric oxide and iodine’ were unsuccessful. 

Eovever, all three cerbamtee were readily transformed into their N-brow derivative8 (2d-f) 

with preformed t-butylhypobromite in benzene 9 . 

EOC(0)N(Cli3)X Roc(o)icB3 
(2) (3) 

(a) Ph(CR2)2_, X - E (a) 

(b) Ph(CE2)3_, X - H (b) 

(c) Ph(CE,)4_, X - R (cl 

(d) Ph(CH2)2_, X - Br 

(e) Ph(CH2)3_, X - Br 

(f) Ph(CH2)4_, X - Br 

(P) Ph(CE2)2_, X - 1 

R = Ph(CH212_ 

R - Ph(CR2)3_ 

R - Ph(CH2)4_ 

(4) 

(a) n-l 

(b) n-2 

(c) n-3 

CH30C(0)NXE 

(6) 

(a) R - (CH2)3Ph. X-E 

(b) R - -(CE2)4Ph, X-E 

(cl R = -(CH2)3Ph. X-E 

(d) R - -(CH2)4CH3, X-E 

(e) R - (CE2j3Ph, X - Br 

tf) R - (CE2)4Ph, X - Br 

(8) R - (CE2)5Ph, X - Br 

(h) R - (CE4)CH3, X - Br 

(5) 

(a) 

(b) 

(c) 

n-1 

n-2 

n-3 

CH30C(0)k 
(7) 

(a) 

(b) 

(c) 

(d) 

R - (CH2j3Pb 

R - (CB2j4Ph 

R - (CB2)3Ph 

R - (CH2)4CH3 
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CR30C(O)NH(Ca2)nCEBrE 

(6) 

(a) 

(b) 

(cl 

(d) 

a - 2. B - Ph 

n = 3. R - Ph 

n - 4, B - Ph 

n - 3. R - CH 
3 

R 

(a) 

(b) 

(c) 

It - Ph 

R - CH3 

R - PhCH2 

Ph 

Upon photolysis of 2-phenylethyl-N-bromo-N-methylcarbamate (2d) in benzene with a medium 

pressure ultraviolet lamp, starting material was rapidly coneumed and after O.Sh, an aliquot 

revealed no positive bromine by iodometry. Removal of solvent gave a nearly quantitative yield 

of 2-bromo-2-phenylethyl-N-methylcarbamate (4a) (Table 11. N-bromocarbamates (2el and (2f) 

similarly ga:e the benzylic brominated producta (4b) and (4~) respectively (Table 1). Benzylic 

bromination could arise by intramolecular hydrogen abstraction by the carbamyl radical (Scheme 

1) or intermolecular hydrogen abstraction by bromine atoma (Schemes 2 aad 3). To distinguieh 

between these two pathvays, the photolysea were repeated in the presence of 

3,3-dimethylbut-1-ene which ia a good bromine atom scavenger and thereby inhibit8 bromine chain 
10 

processee . The products were mainly the parent carbametes (2a-c) and w-pheoylalkyl 

N-(2-bromo-3,3-dimethylbutyll- N-methylcarbamates (5a-c) which were isolated by preparative 

t.1.c. (Table 1). High field (500 Nllz) 13C and ‘Il n.m.r. spectral analysis of the adducts 

established 11 
that they were formed by regiospecific addition of carbamyl radicals (3a-c) to the 

least hindered position of 3,3-dimethylbut-1-eae. 

In addition, lov but similar yields of benzylic bromides (4a-cl were obtained (Table 1). 

Formation of these could be due to hydrogen abstraction by nitrogen (according to Scheme 1) or 

inefficient trapping of bromine atoms by 3,3-dimethylbut-1-eae resulting in some bromine chain 

halogenation (Schemes 2 and 3). Since intramolecular hydrogen abstraction via a highly 

disfavoured eight membered cyclic transition structure ma8 deemed unlikely in formation of (4~) 

from (3~1, me favour the latter process. Furthermore, increasing the ratio of 

3,3-dimethylbut-1-ene to (2f) from 0,5 to 10 rapidly reduced the extent of benzylic bromination 

but failed to eliminate it altogether. The similarity in yields of benrylic brominated producte 

(4a-cl from (2d-f) euggeste that the mOre favourable seven and six membered cyclic transition 

structures for intramolecular hydrogen abstraction by (3a) and (3b) do not play a significant 

role and that bromides (4a) and (4b) are likewise formed by bromine atom chain reactions. 
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Table 1: Products form irradiation of N-bromocarbamates for 0.5h in 
benzene 

Substrate TBE/ 
equivalent 

benzylig 
bromide 

2(d) 0 4a (98) 

2(e) 0 4b (97) 

2(f) 0 4c (85) 

2(d) 10 

2(e) 10 

2(f) 10 

2(f) OS5 

1.0 

2,O 

5,O 

10,o 

4a (6) 

4b (9) 

4c (10) 

4c (60) 

(56) 

(42) 

(31) 

(10) 

6(e) 0 8a (85) 

6(f) 0 8b (98) 

6(g) 0 8c (88) 

6(e) 10 8a (9) 

6(f) 12 8b (93) 

6(g) 12 8c (%l) 

nd 

: 

not determined 
isolated yield 
by analytical h.p.1.c. 

Scheme 1 

adduct” carbamate 
a 

5a (44) 

5b (28) 

5c (34) 

nd 

ad 

nd 

nd 

nd 

nd 

nd 

nd 

. 
PhCh2(CE2)oOC(0)NBrCH3 l=z 

Pll~a2cca2,noCco,Sca3 --z 

Ph~H2(CH2),0C(0)NCH3 

. PhCH(CH2),0C(0)NECH3 
. . . . _. 

. 
+ Br 

PhCH(CH2),0C(0)NHCB3 + Br --) PhCH(Br~~CH2~nOC(O~NHCH3 

or 

Ph;H(CH2),0C(0)NHCH3 PhCH(Br)(CH2)nOC(0)NHCH3 

+ -_) + 
. 

PhCB2(CH2),0C(0)N(Br)CH3 PhCH2(CE2),0C(0)NCH3 

nd 

nd 

od 

2a (26) 

2b (33) 

2c (37) 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

6a (76) 

nd 

nd 
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Scheme 2 

PhCH2(CE2)nOC(0)NBrCH3 h% PhCH,(CH,)nOC(O&H3 + ir 

ir + PhCH2(CH2)nOC(0)N(Br)CH3--’ Ph~H(CH,)nOC(O)N(Br)CH3 + HBr 

PhiH(CH,)nOC(O)N(Br)CH3 PhCHBr(CH,)nOC(O)N(Br)CH3 

+ -> + 

PhCI12(CH2)nOC(0)N(Br)CH3 

PhCH2(CH2)nOC(0)iICH3 + HBr 

PhCH2(CH2)nOC(0)~CE3 
. 

-> PhCH2(CH2)nOC(0)NHCH3 + Br 

Scheme 3 

. . 
PhCH2(CH2)nOC(0)NBrCH3 hv> PhCH 

.2 
(CH2)nOC(0)NCH3 + Br 

. 
Br + PhCH2tCH2)nOC(0)N(Br)CH3 --> PhCH(CH2)nOC(0)N(Br)CH3 + HBr 

HBr + PhCH2(CH2)nOCtO)N(Br~CH3-> PhCH2(CH2)nOC(0)NHCH3 + 8r2 
. . 

PhCH(CH2)nOC(0)N(Br)CH3 + Br2 --> PhCH(Br)(CH2)nOC(0)N(Br)CH3 + Br 

Intramolecular hvdronen abetraction from the N-alkvl side chain 

A series of methyl N-(u-phenylalkyl)carbamates (6a-c), aa well as methyl-N-pentylcarbamate 

(6d), were synthesised and converted to their N-brow, derivatives (6e-h). 

Irradiation of (6e-g) in benzene for 0,5h gave nearly complete conversion to the 

corresponding bentylic bromides (8a-c) (Table 1). (8b) was unstable and rearranged 

quantitatively to N-carbomethoxy-2-phenylpyrrolidine (9a) with losa of hydrogen bromide. Methyl 

N-(4-bromo-Gphenylbutyl)carbamate (8~) underwent a slower cyclisation upon standing to 

N-carbomethyoxy-2-phenylpiperidine (10). The cycliaation was also effected by treatment of (8~) 

with silver perchlorate. Treatment of benzylic bromide (8a) with silver perchlorate did not 

give the corresponding azetidine. These resulta reflect the relative ease of four, five and six 

membered ring formation. 

Irradiation of methyl-N-bromo-N-(3-phenylpropyl)carbamate (6e) in the presence of 

3,3-dimethylbut-l-ene gave mainly parent carbamate (6a) and some residual benrylic bromination 

(8a) (Table 1). In the presence of 3,3-dimethylbut-1-ene, N-bromo-N-(4-phenylbutyl)carbamate 

(6f) gave upon irradiation an excellent conversion to the benzylic bromide (8b) which rearranged 

to pyrrolidine (9a) (Table 1). Since the presence of olefin during photolysia of (2d-f) and 

(6e) resulted in the elimination of most bromine atom mediated benzylic hydrogen abstraction, 

the formation of (8b) from (6f) is ascribed to intramolecular hydrogen abetraction by carbamyl 

radical (7b) according to Scheme 4 (n - 3). Such a process would involve benzylic hydrogen 

abstraction via a six membered cyclic transition state. 
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When methyl N-bromo-N-(5-phenylpentyllcarbamate (6g) was irradiated in the presence of 

3,3-dimethylbut-1-ene, an unstable mixture was obtained which, upon treatment with silver 

perchlorate in benzene, gave the piperidiae (10, 61%) aod parent carbamate (6~. 39%). The 

formation of (10) implies the presence of benzylic bromide (8~) with a yield of >61% in the 

crude reaction mixture from the photolysie experiment. Purthenaore, since no 

N-carbomethoxy-2-(benzyl)pyrrolidine (9c) was obtained, hydrogen abstraction via a six membered 

cyclic transition state by the carbamyl radical from the unactivated 3-poeition on the N-alkyl 

side chain did not take place, Clearly intramolecular benzylic hydrogen abstraction via a seven 

membered cyclic tranaition state (Scheme 4, n = 4) occurs at a much faster rate. 

Scheme 4 

CE30C(0)N(Br)(CH2)nCH2Ph 
. 

CH30C(0)H(CH2)nCH2Ph + ‘Br 

CE30C(0)N(CH2)nC~2Ph , CH30C(0)~(CE2)n~~h 

C~30C(0)NR(CH2)nC~h + Br C~30C(0)~(CH2)nCH8rPh 

or 

Cl130CtO)NR(CR2$lPh CH30C(0)NR(CH2),CH(Br)Ph 

+ + 

Cli30CfO)N(Br)(CH)2CH2Ph CR30C(01&i21nCH2Ph 

Irradiation of methyl-N-bromo-N-pentylcarbamate (6h) in the presence of bromine scavenger 

resulted in quantitative conversion to methyl N-(4-bromopentyl)carbamate (8d) vhich wa8 stable 

at room temperature but rearranged upon heating to N-carbomethory-27aethylpyrrolidine (9b). In 

the absence of atl activating phenyl substituent, hydrogen abstraction via a six membered cyclic 

transition state (Scheme 4, n - 3, Ph - CH31 predominates over abstraction from the terminal 

position. 

The relative yields of !,Z-otefin addition products from the reaction8 of N-chloroamides and 

N-chlorocarbamates with simple olefins suggest that carbamyl radicals (lb) are more 

electrophilic than amidyls (la). 12 KNDO calculation8 (half electron method) predict the SOHO of 

ethyl carbamyl radical (lc, X = EtO, R - H) to be lover in energy (-7, 136 eV) than that for 

formamidyl radical (Id, X = R = 8) C-6, 92 eVf and the former ehould be more electrophilic. 13 

Although amidyl radicals abstract hydrogen preferentially from the N-alkyl rather than the 

N-acyl side-chain, 14.15 y-hydrogen abstraction from the acyl side-chain occurs readily when a 

suitable hydrogen is not available on the N-alkyl aide-chain 
7,14,15,16,17 and particularly when 

there is a L-butyl substituent on nitrogen 14,15 or rigidity in the eyatem.18 This contrast6 

markedly with carbamyl radicals in which there is no competitive intramolecular hydrogen 
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abstraction from the 0-alkyl aide-chain despite itr greater electrophilicity. Since 

intramolecular hydrogen abstraction from the N-alkyl aide-chain competea favourahly with 

addition to 3,3-dimethylhut-1-ene, B-hydrogen abstraction from the O-alkyl aide-chain in 

carhamyl radicals must he very much alover than abetraction from the N-alkyl side-chain. 

Furthermore, although abstraction via an eight-membered cyclic transition structure is highly 

unfavourable,” henaylic hydrogen abstraction via aeven and six-membered transition structures, 

which occur readily on the N-alkyl side-chain, are also diafavoured when abstraction is from the 

0-alkyl side-chain. 

An MNDO calculation on ethylcarbamyl radical (1~) predicts a planar conformation vith ethyl 

trans to the carhamyl oxygen and the odd electron in a 2pz orbital on nitrogen (coefficient 

0.898) in concurrence with e.a.r. data6 (Figure la). n-bond orders for the N-C, C-0 and C-OEt 

bonds were 0,43, 0,79 and 0,37 respectively. 

As a consequence. impaired rotation about the O-CO bond should reduce the flexibility in the 

acyl aide chain relative to amidyls and should facilitate B-hydrogen abstraction. 
18 

However, 

for hydrogen transfer reactions , optirmm orbital overlap requires colinearity between the 

semi-occupied orbital and the relevant CH bond. While this is possible for abstraction from the 

N-alkyl side-chain in both amidyla 
14,15 

and carhamyla (Figure lb), for B-hydrogen abstraction to 

occur from the 0-alkyl side-chain, of carbamyls such colinearity vould require complete loss of 

the n-overlap between oxygen and the carhonyl (Figure 1~). 

This argument preauppoaea that the radical exists in a 2pa orbital on nitrogen which is not 

twisted significantly about the N-CO bond. The results suggest that the EA for hydrogen 

abstraction procesaea involving rotation of either 0-alkyl substituent about the O-CO bond or 

the N2pZ orbital about the N-CO bond are greater than EA for intramolecular addition of 

olef ins. Since there would be no significant stereoelectronic harrier to hydrogen abstraction 

by the Z-state of carhamyl (Figure Id) the reorganisation of electrons to this configuration 

must also require greater energy than the EA for the intramolecular addition. These 

atereoelectronic requirements would to a leaaer extent, impede hydrogen abstraction via a 

seven-membered transition structure which, in addition, would he diafavoured by the loss of one 

more rotational degree of freedom. 

Hydrogen abstraction from the N-alkyl aide-chain via a six-membered cyclic transition state, 

occurs readily in both (7b) and (7d). In both radicals there are no barriers to attaining 

maximum orbital overlap via a six-membered transition structure. However, since no hydrogen 

abstraction via a six-membered cyclic traneition state occurs in carbamyl (7~1, phenyl 

substitution at the site of abstraction is a major atabilieing factor in the transition atate 

for abstraction. Enthalpic factors predominate over entropic factors resulting in a 

aevenlnembered cyclic structure. Phenyl could etahilize developing radical character in a late 

transition atate of an endothermic process or a developing positive charge due to polar 
19 

separation in an early transition atate of an exothermic process . A polar effect in hydrogen 

abstraction reactions of amidyla has been reported 
20 

and since carbamyl radicals are probably 

more electrophilic than amidyla , aa well aa the facility with which hydrogen abstraction takes 

place, we favour an exothermic hydrogen abstraction with a polar transition atate structure. 
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The stereoelectronic requirements for abstraction, namely co-linearity behreen the 

eemi-occupied orbital and the C-E o-bond cannot be accomodated in a five-membered transition 

structure and the enthalpic stabilisotion by the Sphenyl eubrtituent in (7a) is unimportant. 

(4 

0 

(b) 

l-l 

(dl 

Figure 1. (a) MNW optimised geometry for (1~); (b) stereoelectronic requirements for 
hydrogen abstraction from N-alkyl side-chain by r-state carbamyl radicals; 
(c) stereoelectronic requirements for hydrogen abstraction from the alkoxy side- 
chain by n-state carbamyl radicals; (d) stereoelectronic requirements for hydrogen 
abstraction from the alkoxy side-chain by I-state carbamyl radicals. 
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H.p.‘r. were determined on a Kofler hot rtagf and are uncorrected. 1.r. spectra were 
recorded vitb a Perkin Elmer 297 spectrometer. E n.m.r. spectra were recorded on a Perkin 
Elmer R12A o.m.r. spectrometer with tetramethylsilane aa internal standard. MNDO calculatiqpe 
were carried out on a Burroughs 6800 computer by une of the QCPE verrion of HNDO by W Thiel . 

The ayntheair oflN-methylcarbamatea (2a-c) and their N-brow, adducta (2d-f) have been 
deecribed eleevhere . 

Hethvl N-(3-D&&provvl)carbamate (6a) 

Freshly distilled 4-phenylbutyroyl chloride (50 mm011 in acetone (37.5 ml) wan added 
dropwise to a vell stirred rolution of sodium aaide (154 -1) in rater (37,s ml) maintained at 
10-150. After lh, the organic layer van separated and dried over Na2S04 to give 
4-pheaylbutyroyl aaide; v 
ewption of nitrogen ceaM. 

(CECl ) 2145 cm . 
i 

The aride in benzene was refluxed until 
Con entration gave J-phenylpropyl isocyanate; v (CECl ) 2275 

cm . The isocyanate in excess methanol was refluxed for 12h. The mixture va??oncent?ated 
under rgduced pressure to give methyl N-(3-phenylpropyl) carbamate (6a) as an oil. b.p. 
170-173 12 mm; 6(CDCl 1 1.78 (28.~1, 2,65 (28,t) 3.15 (3E. d of t), 3.65 (38.81, 5.05 (lH, br), 
7.20 (58,s); v (CH$l 1 3460, 2950, 1720 sod 1510 cm- . (Pound: C, 68.0; 8, 7.8; N. 7.3%. 
C11H15N02 requE8s: C, 28.4; 8, 7.8 and N. 7.3%). 

Uet rl N-(4-Abe v b tvljcarbamate (6b) “a.9 prepared similarly aB ao oil, b.p. 154-1550/1,5 mm; 
atCOil ) 1 25-1,~0’~“4a,m~, 
(5EJ; G 

2.6 (2E,t), 3.15 (2E. d of t). 3.60 (38.61, 4.75 (lE,br). 7,2 
(CEC13) 3460, 2950, 1720 and 1510 cm- . (Found: C, 69.6; 8, 8.1; N, 6.6%. 

C12H17N02 g&ire*: C, 69.5; II, 8,3; N, 6.8%). 

Methvl N-(5-uhenvloentvl)c~ (6~) 

A solution of 6-phenylhexamide (81 rmaol) in methanol dioxane mixture was added dropvise to 
methylhypobromite prepared by the dropvise addition of bromine to sodium methoxide ia methanol 
at -45’. The reaction mixture was warmed to 60’ for 0,25h then cooled, acidified with acetic 
acid aad concentrated under reduced pressure. The residue was added to water vhich va8 
extracted vith ether. Ethereal extracta were washed ruccesrively with water. saturated sodium 
chloride solutions and dried over Na 
N-(5-DbewlDentv~ mte ( 
(6H,m), 2.60 (2E,t)f 3,]5 (2E,6 

c) (46 
S04. Concentration under reduced preeeure gave methyl 

d of t) 
rrmol) as an oil, b.p. 165-167’/7 lam; 6(CDCl,) 1.13-1.85 

3,68 (38.01, 4.7 (lE,br). 7.21 (SE,s); v (Cw.1 ) 3475, 
2950, 1720 and 1520 cm . 
8,7; I, 6.3%). 

(Found: C. 70,4; II, 8.6; N. 6.3%. C13H19N02 requiree=C, 70.2; E, 

Hethvl N-oentvlcatbamate (6d) va8 prepared similarly ao an oil, b.p. 127-1300/9 ~mn; 6(CDCl ) 0.9 
(3E,t), l,l-1,7 (PE,m), 3,13 (2H, d of t), 3.63 (3E.a). 5,19 (lE,br); v (CHCl ) 3450, 2350, 
1720 and 1510 cm . 
9.6%). 

(Found: C, 57.7; R, 10,3; N. 9,6X. C7E15N02 requis?: C, 53.9; 8. 10,4; N, 

Carhamates (6a-d) verelfoaverted to their I-bromo forma (6e-h) with t-butylhypobromite by a 
previously reported method . 

Methvl N-bromo-N-(3-phenvlDroDYl)carbamate (6elvas an oil;_$(CDC13) 1,95 (2H,p), 2,60 (2H,t), 
3,55 (2H,t), 3,65 (3E.61, 7,15 (5H,s);vlaax (CEC13) 1700 cm . (Found: Br, 27,01X. 
requires: Br, 29.41%). C11H14BrN02 

Methvl N-bromo-N-(4-ohenvlbutvl)carbamate (6fL van an oil; 6(CDCl ) 
(2E,t), 3,55 (2&t), 3.70 (3E.n). 7.18 (5H.s); v max (CECl 3 ) 1700 i?m- 

{,40-1.80 (4E,m), 2.6 
. (Found: Br, 26,522. 

C12B16BrN02 requires Br, 27.97%). 
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Hethvl N-bromo-N-(5-phenvlpentvl)carbamete (6dvaa an oil;_$(CDCl3) 1,3-2.0 (6E,m), 2.6 (2H,t), 
3,55 (2&t), 3.68 (3&e), 7,15 (58,s); vrrmx (CECl,) 1700 cm . (Pound: Br, 25,292. C13H18BrN02 
requirer: Br. 26,67X). 

Hethvl N-bromo -Leo vlcarbamate (6h) was_?” oil; G(CDC13) 0.9 (3H.t). l,l-1.75 (6E,m), 3.58 
(2ll.t). 3.75 G..,;: 

max (CHC13) 1690 cm . (Found: Br, 34,591. 
35.71%). 

C7B14BrN02 requires: Br, 

Photolveie of N-bromocsrbamates (no olefin wesent> 

A solution of the N-bromocarbamate (0.2 mnol) in dry benzene (15 ml) vae irradiated at room 
temperature with a medium pressure mercury lamp through pyre= 0300 nm) until aliquots no longer 
liberated IBr upon treatment with aqueous potarrium iodide-acetic acid rolution. The reaction 
mixture was concentrated and separated on silica gel by preparative h.p.1.c.. The relatively 
labile benzylic bromides 4a, 4b, 4c and 8a were characterired by i.r. and n.m.r. apectrorcopy. 
Yielda of the bromides were determined by analytical h.p.1.c. analysis of crude reaction 
mixtures. 

2-Brow-2-ohenrlethvl-N-methvlcarbamste (4d war formed in 98% yield and was isolated as an 
oil, v (CHCl 1 3475, 2950, 1720 and 1510 cm ; d(CDC13) 2.72 (3H,d,N-M&j, 4,500 
(2E,d,!%!!2-O), 2.8 (lE,br,E), 5,12 (lH,t,-CJ(Br)Ph) and 7,39 (5E,s,Ar$. 

3-Bromo-3-nheqylnropvl-N-methvlcarba te (4bl was formed in 97% yield and vas isolated as an 
oil, v (CECl ) 3475, 3000, 1725 c?; d(CDCl ) 2.22-2.55 (2H.m.CJ 1, 2.68 (3H,d,N--nq), 4.10 
(2H,t,s-O), 5?0 (lII,t.Cl(Br)Ph), 5,3 (lH.br,& and 7.28 (5E,s,Arg?. 

4-Brom-4-oheqvlbutvl-N-methvlcarbamate (4~1 wae formed in 94% yield and isolated as an oil, 
” (CECl ) 3475, 2950 and 1720 cm I; d(CDC1 ) 1.4-1.95 (2H,m,-CH -), 2.0-2.5 (2H,m,-CJ2-), 2,69 
flti,d.N-I&, 4.05 (2H,t,-CZ2-O), 4,94 (lH,t,%H(Br)Ph) end 5.3 s,br,&@ and 7.3 (5H,e,ArH_). 

Methyl N-(3-bromo-3-phenvlnroDv~)carbamate.(8~vas formed in 85% yield and isolated a8 an 
oil, v (CHCl ) 3460, 2950 and 1720 cm A; 6(CDCl ) 2,4 (2R,t,CH -N), 3.2 (2H,q,-C12-) 3.62 
(3H,s,O~?, 5,0 ?lH,t,_CB(Br)Ph), 5,45 (lE,br,&@ ah 7.3 (5H,e,A2_) 

f4ethvl N-(4-bromo-4-phenvlbutvl)carbrmate (8b) formed in 98% yield was isolated a0 an Oil, v 

(CHCl ) 3450, 3000, 2950 and 1720 cm &; 6(CDCl ) 1,2-1,8 (2H,m,-CE -), 1,95-2,4 (2H,m,-CE -)?“” 
3,14 ?2E,t,-CE -N), 3,6 (3H,e,O&), 4,95 (llI,t;-CH(Br)Ph), 5.75 ?i&br,Nl) and 7.35 (5HFfArE). 
The oil rearzged quantitatively upon atanding g N-carbomethoxy-2-phenylpyrrolidine (9a) w&h 
wae purifieilby preparative plate chromatography and wee an oil, v 
and 1385 cm 

(criC13) 2950, 1685, 1450 

(1H.m. -CH(Ph&. 7.13 (5&e); m 
G(CDC1 ) 1 5-2,4 (4&m,-Ct&‘e), 3,42-3,8 (2H,m,iCA2% 4,70-5.1 

/t 205 (M 1, 146, 128 and 69 (Found: C. 69.9, 8, 7,4; N, 6,8X. 
C12H15N02 requires: C, 70,i; a, 7.4 and N, 6.8%). 

Methyl N-(5-brow-5-phenylpentvl)carbamate (8~1 formed in 88% yield vae isollted 88 an Oil,vmax 
(CEC13) 3460, 2950 and 1720 cm ; 
(3B,e,O&$, 4.9 (lE,t,-Cl(Br)Ph), 

G(CDC1 1 1.2-1.8 (6H,m,-CH ‘e-1, 3.08 (2E,CA2-N), 3.6 
5,0 (ld,br.NA) and 7.3 (z:s,Ar@. The oil rearranged at room 

temperature upon standing or upon treatment with AlC104 in benzene to N-carbomethoxy-2-phenyl- 
piperidine which wae purifiecllby preparative plate chromatography and ~88 an oi1.v 
2950, 1680, 1450 and 1410 cm ; 6(CDCl,) 1,3-1,8 (4E,m,-C~2’a), 1,8-3,lO (4E,m.C~22’??1: 

(CECl,) 
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3,72 (3E,s,OMq), 5,38-5,65 (lE,n,+A(Ph)N-) and 7,3 (SE.a,Ar@; ‘/a 219 (M’), 160, 142 (Pound: 
C,70,8; H, 7,7; N, 6.2%. C13E17N02 requires: C. 71.2; Ii, 7,8 and N, 6.4%). 

Photolvaia of N-browcarbamater ia the vreaence of 3.3-dimetbvlbut-1-ene 

The photolyais of N-browcarbamatea (I.75 nmol) in benzene (15 ml) were repeated in the 
presence of a 10 molar excess of 3,3-dimethylbnt-1-enc. Aliquota of the reaction mixture were 
analyaed for benrylic bromination producta by h.p.1.c. prior to work-up. 

2-Pbenvlethvl N-broeo-Nqethvlcarbamte (2d) gave after 0,5h a mixture which contained 
2-brow-2-phenylethyl N-methylcarbamate (4a, 6%). Concentration afforded an oil which was 
separated on silica gel plater into (4a), 2-phenylethyl N-methylcarbamste (2a, 26%) and 
2-phenylfthyA N-(2-brow -3,3-dimthylbutylj-N-methylcarbamate (Sa, 44xj.V (CHCl ) 2950 and 
1690 cm z 192, 148 and 105. 
apectroacipylf . 

The structure of (5a) has been confirmemy 500 &la n.m.r. 

3-Phenvlnronvl N-brm-N-methvlcarbamate (2~) gave after O,Sh, a mixture which contained 
3-brow-3-ahenvlnronvl N-methvlcarbamate (4b. 9%). Concentration afforded an oil which was 
separated by plate chromatography into (4b).-3-phenylpropyl Nqethylcarbamate (2b. 33%) and 
3-phenyipropxl A-(2-br$mD-3.3-dimethylbutyl) N-methylcarbamate (Sb, 28X), v._. (CECl ) 2950, 
1695 cm ; I2 357l(U 1, 206, 118 and 91. The structure of (5b) vaa conflrmed by 5 0 l4Ea a 
n.m.r. spectroscopy . 

4-Phenvlbutvl I-brow-Nqethvlcarbamate (2f) gave after 0,5h a mixture which contained 
4-bromo-4-phenylbutyl N-methylcarbamate (4~. 10%). Concentration afforded an oil which vaa 
separated by preparative plate chromatography into (4~). 4-phenylbutyl N-methylcarbamate (2~. 
37%) and 4-phepylbumtyl N-(2-bromo -3,3-dimethylbutyl)-N-methylcarbamte (5~. 34%). V 
2950, 1690 cm ; (f 369, 220, 133 and 91. 

(CEC13) 
The structure of (SC) waa confinaed by950 M& 

n.m.r. spectroscopy . 

Hbt rb t 6 gave after 0,Sh a mixture vhich contained methyl 
N-(3-bromo-3-phenylpropyljcarbamate (8a, 9%). Concentration gave an oil which “aa 
chromatographed on silica gel plates to afford (8a) and methyl N-(3-phenylpropyl)carbamate (6a, 
76%). 

Kethvl N-bromo-N-(4-ohenvlbutvl)car ante C6f1 gave after 0,5h an oil which vaa ahovn by 
analytical h.p.1.c. and n.=.r. to cbontain methyl N-(4-bromo-4-phenylbutyl)carbamate (8b, 93%). 
The oil decomposed rapidly to give N-carbomethoxy-2-phenylpyrrolidine (9a) which vaa identical 
to authentic material. 

&thy1 brow N- -N-(5-phenvlnentvl)carbamate (6s) gave after 0.5h an oil which, from n.m.r. 
analvsir. contained a mixture of methvl N-(5-phenvlpentyl)carbamate (6~) and methyl 
N-(Slbro&-5-phenylpentyl)carbamate (8~). 
dark at room temperature. 

The u&&e ;aa treated with AgC104 in benzene in the 
Work-up afforded an oil vhich consisted of carbamate (6c, 39%) and 

N-carbomethory-2-phenylpiperidine (10, 61%). 

ni (1,s g, 6.7 mm011 and 3,3-dimethylbut-l-ene (5.63 g, 67 
-1) in dry benzene (25 ml) were irradiated for 0,Sh. Concentration afforded an oil which 
contained only methyl N-4-broPopentylcarbamate (8d] which was purified on silica gel plates as 
an oil, V (CBCl 1 3450, 2950, 1720 and 1510 cm ; S(CDCl ) 1,7 (3H,d.-CH-@ ), 1,8-2.15 
(4E,m), 3yf3 (28, 4 of t, CE -NH), 3.6 (3E,e,O&, 3,9-4.483(1E,m,-C~(Br)CH ) 2nd 5,28 
(lH,br,E), (Pound: C, 38.?E, 6.3; N, 682%. C7E14N02 requires: C.37.5; 8: 6.3; N, 6.3%). The 
oil cyclised upon neat pyrolysis (140-150 ) to N-carbomethoxy-2-methylpyrrolidine (9b) which was 
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an oil, v (CHCl ) 2950. 1680, 
(4&m), 23&3,55 ?3H,m.N-C~ and 

1460 and 1390 era-1; 6(CDC13) 1,18 1,42-2,08 
N-$&j and 3,68 (3&r). 

(3il,d,C~3-CE), 

The authors are grateful to the South African CSIR and IINTgK (PPD) for financial support. 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

RRFKRRNCRS 

P.S. Neale, S@heeCe, 1971, 1. and cited references. 
P. Mackievicr and R. Furstoss. Tetrahedron, 2. 3241 and cited references. 
A. Gooren. S. Af’r. J. Chem., 1979, 32, 37 and cited referencee. 
S.A. Clover and A. Gooren, J. Chain. Soo. Parkin Trans. I, 1977, 1348; 1978. 653. 
T.A. Foglia and D. Stern. J. Org. Chun.. 1966, 3& 3625; T.A. Poglia and D. Svern, J. 
org. chwi., 1967, 32, 75; T.A. Foglia and D. Svern, J. Org. Chat!., 1968, & 766; M.S. 
Khararch and H.U. Priestley. J. Ara. Churn. Soo., 1939, 6A 3425; K. Schrage, Tetrahedron 
Lett , , 1966, 5795; K. Schrage, Tetrahdron, 1967. 2, 3033; J. Leonard and J.M. Paton, 
Tbtrahadiwn L&t., 1970, 4883; J. Lerrard, H. Driguet and J.P. Verses, Tatrahdron 
Lett . , 1970, 4887; H. Driguez, J.P. Vermee and J. Lerrard, Can. J. Cha.. 1978, 2, 119. 
R. Sutcliffe. H. Anpo, A. Stolov and K.U. Ingold. J. Am. Ckam. Sot.. 1982, 194, 6064. 
D.B.B. Barton, A.L.J. Beckvith and A. Goosen, J. Chen. Soo., 1965, 181. 
U. Akhtar and D.&R. Barton, J. Cham. Soo., 1964. 86, 1528. 
S.A. Clover. A. Gooaen, Te’etrahdron L&t., 1980, 3, 2005; S.A. Clover, A. Goosen. C.W. 
McCleland and J.L. Schoonraad, J. chum. Soo. Parkin Trans. I, 1984, 2255. 
P.S. Skell, and J.C. Day, Ace. Ann. Rae., 1978, ll, 381; P.S. Skell, and J.C. Day, J. 
Am. Ghan. Soo., 1978, 100, 1951. 
P.L. Wessele, P.F. Dicka, S.A. Clover, A. Goosen, and C.Y. HcCleland S. AJr. J. Cka.. 
1986. 2, 81. 
8. Driguez and J. Lessard. Can. J. chum., 1977, 2. 720. 
I. Fleming, Frontier Orbital8 snd Organic Chemical Reactionr. Wiley, Chicheeter, 1978, ~185. 
J.C. Joreph, J.N.S. Tam, U. Kitadani and Y.L. Chow, Can. J. Chem.. 1976, 14, 3517. 
Il. Sutcliffe and K.U. Ingold, J. Am. Chm. Soo., 1982, & 6071. 
B.S. Neale, N.L. Marcur and R.G. Schepera, J. Am. Chm. Soo., 1966, B, 3051. 
A.L.J. Beckvith and J.K. Goodrich, Au&. I. Chem., 1965, & 747. 
Y.L. Chov. T.W. Hojelsky, L.J. Hsgdzineki and !I. Tichij Can. J. Chum., 1985, Q2, 2197. 
E.S. Huyser, Free Radical Reactions, Wiley, New York, 1970, ~75. 
S.A. Clover, A. Coosen, D. Graham and J. Lovelock, J. S. Afr. Chum. Inat., 1976, 2, 46. 
IBM version: W. Thiel, QCPE, 1978, lo, 353. 


