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m- Trialkylboranca are readily converted to the anresponding alkyl chlorides by a f+ec radical 
reaction with nitrogen trichloridc (NCl3). Compared to many other chlorinating agents examined, 
NC13 is a superior rcagcnt for the effective conversion of organoboranes into alkyl chlorides. 
Combiicd with the high rcgioselcetivity inherent in tltc hydroboration reaction, the treatment with 
NC13 allows alkcncs to be transformed into pure alkyl chlorides of predictable structure. This 
process constitutes a valusblc method for the anti-Markovnikov hydrochlorination of alkencs in 66- 
94% yield. Experimental cvidcnoe indicates that this reaction proceeds via free radical intermediates. 
The reaction of organoboranes with NC13 is comparable to or bcttcr than other m&c&. such as 
those requiriig refluxing aqueous cupric or ferric chloride, or those producing hydrogen chloride as a 
by-product Consequently, thii procedure could bc very useful for the conversion of acid-sensitive 
(e.g., certain bicyclic) alkenes into alkyd chlorides where extensive skektal resrrangements occur in 
hydrogen chloride additions. 

Since the discovery of hydroboration. it has become evident that simple proccdurcs for the conversion of 

organobomnes into the corresponding alkyl halides would open new synthetic possibilities for these versatile boron 

intermediates. Such a proecdure would constitute a method for the ~i-M~ko~~ov hy~oh~og~ation of alkcncs. 

We have reported that usually sluggish reactions of lxomine3 and iodine4 with organoborattcs sre greatly acockratcd 

by the presence of sodium mcthoxidc and sodium hydroxide5 providing excellent yields of the corresponding 

bromidcsandiodides(cq 1). 

RCH=CH2 + HB 
/ 

rw: Ra2cHzB RCH2CH2X + NaX +CH3GB 
/ 

\ \ (1) 

X=Br,I 

Such base-induced halogcnation reaction of organoborancs has been employed for the formation of relatively 

inaccessible bicyclic halides, such as cndo-2bromo- and -2-iodonorbomane&7 and for the synthesis of chiral alkyl 

iodidcs of high optical purity’. Clearly. a convcnicnt procedure for the conversion of orgsnoboranes into the 

corresponding alkyl chlorides would bc a valuable development. 

Unfortunately. adaptation of these alkali-induced proeedurcs for the reaction of chlorine with trialkylborsnes 

is unsatisfactory. Mixtures of chlorine and aqueous sodium hydroxide form sodium hypochloritc which oxidizes 

trialkylborancs to alcohols8. Trcatntcnt of trialkylborancs with chlorine in the presence of sodium m&oxide 

using the procedures employed for the facile brotnination and iodination reactions gives complex mixtures and 

provides low yields (< 33%) of alkyl chlorides. In fact we found that rcactiott of tri-n-butylborane with ehlorinc gas 

in the absence of bases, as well as the rcaetion of a wide variety of common c~o~nating reagents. such as sulfuryl 

chloride, phosphorous pcntaehloride, trichloromethanesulfonyl chloride. trichloromcthancsulfenyl chloride, N- 
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~-c~o~s~~~~ide, or ~~hlorobe~o~i~l~ al1 gave poor results, providing only l-25% yields of n- 

bu~l~hlo~dexb. Previous reports in the literature for the reaction of chlorine with ~e~yl~r~e9 and m- 

buty&oroxi& indicate that subadtudon of the a&y1 hydrogens occuts and no a&4 &M&s are produced. 

Methods mported previously for conversion of triaIkyRxomnes have given mixed results. Treatment of 

trialkylborancs with r-butyl hypochlorite utilizes only one of the alkyl gmups, thus limiting conversion of tm olefii 

into alkyl chloride vi0 hydroboration to 33% (eq 2).** 

R3B +r-BuOCl ----+ RCI + i.BuOBR2 (2) 

fhe conversion of tria&ylboranes into aRtyI chlorides by reaction with cupric or ferric chloride has given variable 

results in the hands of different workers (eq 3).12-14 

R3R + 4CuCi2 
THP/H20 

6S°C 
+. ZR~~~~O~~2~~2~2H~ 9) 

h is apparent that the mactions of trhdkylboranes with cupric and ferric chloride can provide sikyi chlorides, but the 

reaction does have apparent disadvantages such as long reaction times (48 h) and the formation of hydrogen chloride. 

which could be deleterious if the hialkylborrme possessed scid-sensitive limctionalities. In addition, the refluxing 

aqueous reaction medium would presumably preclude the formation of easily hydroIyzed alIcy1 chlorides, such as 

norbomyt or other ntive bicyclii haiidea. 

Trialkylboranes have been converted into the corresponding alkyd chlorides in 3O-50% yields using N- 

=~o~i~~I~~es.l5 U~o~a~ly, this reaction is not suitable for the efficient preparation of a&y1 chiorides. 

since theconourre nt pohu and radii -see oainRto give amines and ah@ chlorides respectively (eq 4).16 

Iar R2$=&2 ---+ R$C3 + RNR’2 

c!l 
R3B ccINR’2 - 

c 
n&aI am2 

R2BNR’2 + R ----+ RCI f *NR@2 (chain) 

When R’ = H, the polar pathway becomes the preferred coutse and provides a useful route to amis~es.~T When R = 

alkyl, 3uch as methyl or n-butyl, both pathways compete dfet%ively.16 The synthesi5 of t&y1 chlorides via reaction 

of trialkyiboranes with dichloraminc -T has been reported in the literature (eq 5)lg. 

R3R +a2NS?$6&cH3 _I_+L RCI + R2BNCI SO&H4 CH3 0 

It occnrred to us that an N-chloramine possessing a weak nitrogen-chlorine bond and having low basicity 

toward boron would favor the homolytic process over the polar pathway. Nitrogen trichloride appeared to be a 

reagent possessing these de&able characteristics. Accordingly. we examined nitrogen trichloride as a possible new 

chhuinating reagent for the amversion of trialkylboranes into alkyl chlorides. 

RESULTS AND DISCUSSION 

Nitrogen ~hio~de (NCl3). readily prepared from calcium Haloid, ~~~ chloride and HC!, is 

stable and safe to handle, with simpte precautions. lq Treatment of t&r-butyiborane at @‘C in methyfene chloride 

or carbon tetrachtoride with one equiv of Nfn3 in the -ding solvent under the normal laboratory light results 

in an instantmmous deoolorixation of the yellow NCl3, producing one equiv of s-butyl chloride (eq 6). 

(sRu)3B + NCf3 -+ s- BuCl + FP’Bu)$NCl2 (6) 

Addition of a second equiv of NC13 results in a slower reaction, consuming the reagent in 1 h and forming a second 

equiv of s-butyl chknick (eq 7). 
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A finaJ equiv of NC13 converts the dtird alkyl group to a&y1 chloride much more stowly, requiring 48-72 h for 

completion, Overill, treatment of tri-s-butylborane with tJuee a~uiv of nitrogen trichloride producea a 94% yield of 

s-butyl chloride (eq 8). 

Cr_B@jB f NCJ3 -----+ 35BuCJ + B@JCJ& @ 

~ e Representative organoboranes (I 0 mmoJ) derived horn termi& 

interm& cychc and &cyclic alkenes were treated with NCJ3 (30 mmoJ). The reaction was anowed to proceed until 

tJte yellow color of NC13 d&ppea&” The trMkylboranes derived from JntemaJ aJJrencs react rtlativciy faster. Tri-i- 

butylborane, containing R-methyl aJkyl groups, reacts unusuaJly slowly. This is similar to the autoxidation of 

organoboranes with oxygen.20~2J 

As described above, in the reaction of trialkylboranea with NCJ3. the fii equiv of aJkyJ chloride is formed 

aJmost ~t~t~eo~ly and the second oquiv is formed in 1 h. Apparently, tlrc third step is so slow that other side- 

reactions, such as the decomposition of NC13 or the proton abstraction from the a&y1 chain, may occur. However, 

the results summarized in Table I reveal that the conversion of alkenes into alkyl chlorides via hydroboration, 

followed by the reaction with NCl3, provides an cxcciient procedure for the synthesis of a wide variety of aJky1 

CJtloridea, 
Table I. Conversion of alkenes into aJky1 chlorides via hydro~ration and reaction with nitrogen 
trkhkxie 

Alkene 

1 -hMene 
2-me&yJ-t-propene 
it-butetle 
cycJopentene 
cyclohexene 
norbomene 

Tiieb 
h 

2z 
48 
30 
48 
72 

Productc 

1 -chlorobutane 
f -chl~-2-me~yJ propane 
2-chJorobutane 
c~~~clo~n~e 
chlorocycJohexana 
2-chloronorbamana 

Yieldd 
% 

74 
86 
94 

::: 
66(56%r: 

aRcaction of R3B (10 mmol) with NC13 (30 mmol); addition of NC13 at O°C!, followed by stirring at 

2S°C for the tima indicated. bne for disa~aranca of the yellow color of NCJ3. cAJl moducts 

characterized by comparison with autJtentic samples. dYields based on starting aJkenes determined by CC 
(conditions: 10% DC 710 on CJtromosorb W, 6 ft x 0.25 in); value in parenthesis is isolated yield. 
eS&reocJtemistry by JH NMR is?7% m and 23% en&-. 

Jrf &G formation of a&y1 chlorides from ~ia~i~r~es* the ~sfo~a~on of 

tJre third alkyl pup is slow and incomplete, as indicated by low yields (- 66%) of sJkyJ chlorides formed (TabJc I). 

The failure to use all tJuee aJky1 groups could limit tJte synthetic utility of the reaction if a valuable alkene is used 

for hydro&ation. In order to cbcumvent tltis difliculty. the reaction of mixed org~o~rMes containing ah+ or 

he~~a~m”~~tim~ blocking groups was examined. 

A study of the reaction of NC13 with n-butylborane dmivatives revealed partially banging results (Table 

2). Methyl di-n-butylborinate reacts very sluggishly. ~-Bu~~~~~~ aJso reacts relativeJy slowly, while di- 

n-butylchJoroborane reacts in less than I min. However, the low yields of n-butyl chloride in all of these cases 

suggest mat some other pathway is being followed. In the case of thexyldi-n-butyJborane,‘thc tttexyl group 

pglicipates Jn the reaction to a larger extent (eq 9). The B-cyclooctyJ bond of 8-n-bulyr-9-alrrbic~Io[3.3.I]no~ 

apparently competes with B-n-butyl gmup. ~xovidmg onJy 48% of n-buty1 chloride. However. the use of two equiv 
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of NCE3 inmascs the yield of n-butyl chloride to 8 1% 

Table 2. Reaction of one qtivahmt of nitrogen tichloridr: with n-butyIboranc derivative@ 

OrgZUl0bfJWZ Reaction Tim@ Yie3dc 
mm % 

di-n-butylthcxylborane 60 37d 
B-n-butylS-BBN <l 4ge 
n-butyldichloroborane 120 -5 
di-n-butylchloroborane c1 17 
methyl di-n-bury1 bmimtte 1080 3 

ff Borane substrate (10 tnmol) and NcI3 (10 mntol). bfimt for disqqxarance of NC13 color. qicld 

detarmhmd by CC and based on Ncf3. +haxyl &k&de was detected in 44% yield. =I&ruy mmols of 
NCE3 am de&orizsd in 50 mitt and the yield of f-chlorobutane is 81% based on organobtxane. 

44% 37% 

M The reaction of trialkylboranes with N-chlorodialkylamincs is complicated by competing polar and 

zeal processes (eq 4)? On the other hand, chloramine reacts with tria&yIboranea solely by polar process, 

providing primary mnincs (eq lo).” 

in the potar pathway, N-chloramine substrate apparently coordinates with boron, followed by an aLky1 group 

migration to the adjacent nitrogen atom with the displacement of halogen (eq 11). 

R c 
R~B+CTW~Z+ R 2$ 

+2 --+ R2B-y2tJ- NnQH +. R2BOH + RNR’2+ NaCl (11) 

Cl 

In the radical p&way, m aminyt radical attacks at the buron with dispiacemcnS of an alkyl radical. The 

alkyl radical abstracts chlorine from the N-chloramine substrate to give a&y1 chloride and aminyl radical which 

continues the chain (eq6 12,13)* 

R3B+-NR2 -----+ R$m2 + R- 02) 

R*tC!M2 --+R~+*NR’2 --+ d&t 03) 

When R’ = W, the polar pathway is followed principally or completely, loading to amine products. When R’ = 

methyl or n-butyl, both pathways compete about equally. With N-chlorodialkylamines, addition of II radical 

inhibitor, such as galvinoxyl. suppresses the radical pathway, and the organoboranc reacts completely by the polar 

pathway, giving tertiary amines. However. the polar pathway catutot be suppressed and the naction is not efficient 

as a route to a?kyl cNorides. 

It is difficult to separate the factors governing the pathway which should be followed. It seemed reasonable 

that an N-chforaminc, possessing a weak chlorine-nitrogen bond and having low basicity toward boron, would favor 

the homolytic process over the polar pathway, which seemingly mquires prior coordination of tba A’-chlomminc to 

boron. It appeared that an N-chioramine reagent possessing these characteristics is nitrogen trichloride. Ihc 

dissociation energy of the nitrogen-chlorine bond is only 47.7 kctimo122 (cf. Cl-Cl = 58.0 kcal/mol), a feature 

which couM permit easy homolysis of the nitrogen-chlorine bond under radical conditions. Due to three electron- 

withdrawing chlorine substitttutts, NC13 should also be a wtafrer bare than chloramine or N-cNorodiaIkylamines. 
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Experimental evidence indicates that the reaction of triafkylborana with NC13 is a he radical process. For 

example, tri-n-butylborane reacts with two moles of NC13 in 1 h. The reaction of the third mole of NC13 proceeds 

slowly, producing 2.22 mmol of n-butyl chloride along with 0.21 mol of s-butyl chloride. Since the hydroboration 

of l-butene ptvduces 67% of orgatmboranes with boron at the secondary position, all available s-butyl groups arc 

employed in the reaction. 

This behavior is typical of free radical reactions involving organoboranu containing mixed primary and 

secondary alkyl grot~ps?~ Evidently. radical di~~ac~~t of s-alkyl groups gives more stable radicals than the 

displacement of n-alkyl groups. This may be contrasted with heterolytic reactions of organoboranes, such as 

protonolysis, where primary groups react fasta than secondary groups.23 

In the case of tri-s-butyiborane. all three alkyd groups am utilized on treatment with three quivalents of 

NC13. The first two alkyl groups are converted to s-butyl chloride in about 1 h, the third requiring 72 h for the 

complete conversion. 

&ther experiment that suggests the involvement of free radicals is the reaction of thexyldi-n-butylborttne 

with NCls (eq 9). The product distribution indicates a high preference for the formation of thexyl chloride. 

~xyldi~yl~r~e reactions involving non-radical processes are characterized by the extremely low aptitude 

of the thexyl group to participate in the reactions. 24 It is evident in the nitrogen trichloride reaction that the large 

amount of thexyl chloride formed is suggestive of a homolytic pmcess. a more stable thexyl radical beiig displaced 

in preference to a primary butyl radical. 

The reaction of tri-n-butylborane with 3 quiv of NC13 is greatly accelerated in the presence of a sunlamp, 

co~uming 3 mm01 of NC13 in 1 h, rather than the 72 h needed in the presence of normal laboratory light. 

Unfortunately, the yield of n-butyl chloride drops to 1.45 quiv and is accompanied by the formation of a mixture of 

dichlorobutsnes and 0.9 1 equiv of chloroform. Under these conditions, tri-s-butylborane gives 1.50 quiv of r-butyl 

chloride, 0.5 1 equiv of chloroform and 0.36 quiv of dichlorobutanes. The chloroform is evidently formed from 

chlorination of the solvent, methylcne chloride, and the dichlorobutanes from chlorination of the initially formed 

butyl chlorides. By carrying out the reaciton in carbon tetrachloride, chlorination of the solvent is avoided. 

However, no increase in the yields of n-butyl or s-butyl chloride is observed. Instead. the amount of dichlorobutanes 

is increased. Further proof for the involvement of radical intermediates is provided by inhibition studies. 

. . . 
I~bltton of akin Reacljpa Iodine is an exceptionally powerful inhibitor for the free radical oxidation of 

trialkylboranes with molecular oxygen.25 However, treatment of tri-n-butylbomne with 1 mol of nitrogen 

trichforide in the presence of 8 mol percent of iodine results in the immediate disappearance of the iodine color. 

(Iodine and NC13 do not react in control experiments.) ‘Ihere is formed 0.83 quiv of n-butyl chloride, 0.04 equiv of 

s-butyl chloride, 0.16 quiv of n-butyl iodi& and a hnce of s-butyl iodide. Since iodine and tri-n-butylboranedo not 

react under these conditions, 5. at appears that the nlkyl iodide is formed by the reaction of molecular Mime with 

displaced alkyl radicals, However, the free r&A reaction of trialkylboranes with nitrogen trichloride must be an 

exceptionally favorable process not to be noticeably inhibited by iodine. 
1 . 

ste=MW&rv of QlQW?W& It is interesting to note that the organbborane from norbomene is converted by 

alkaline hydrogen peroxide into 99.6% uo-norboxneol.23 However, there is a considerable loss of stereochemistry 

in the reaction with NC13 (q 14). Such loss of stereospecificity is pmsumabty a result of the free radical nature of 

the reaction. The free radical oxidation of tricxo-norbomylborane with molecular oxygen provides 86% exe- and 
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xrrcspecrive or the prwi#c m4?&anism OF the naction of nitrogen trichioridc with org~o~~~, the pmccdure 

offers promise as a convenient method for the ~~-M~ko~kov h~c~~~~~on of alkcnw vi0 ~y~~rntio~~ A 

general study of the naction with rcprcscntativc organoborancs reveals that in gcncral only two of the three alkyl 

groups of the trialky&oranc arc utilized in reasonable reaction times. 

CONCLUSIONS 

the sydesis of a&y1 &hides under non-acid conditions in yields cxcccding those of other methods. It also appears 

that novel compounds~ such as R2BNC12. RB(NC!I& and B(NClib arc formed in the reaction and may have 

exciting &cm&try await+ their cxptontion. 

With the diicry of the NC13 reaction, the symhctic cbcmist now has a simple procedure for conversion of 

alkcncs into alkyd chlorides in good yields via hydroboration, thus complementing the existing brom’mation and 

iodination proccdurcs for converting triahtylborancs into tbc corresponding alkyl bromides and alkyd iodidcs, A 

disadvantage of this proccdurc is that only two gtuups of the trialkykylborancs are readily accommodated in the 

reaction. H~f~~y, this drawback can be cimumvcnted by the vocation of mixed aB$tn~ane daivativcs. 

~~E~~AL SECTION 

Gcncr& ~omm The cxpcrimcntaf techniques employed For handling air-sensitive materials and for the 

~u~~~~ion of solvents arc dcscribcd cfsewhcrc,~ All glassware was oven-dried at IdoaC for at least 4 h bcforc 
use, assembled hot, and cooled tmdcr a stream of puril?cd nitrogen. Materials were transfixred using ovcn-dricd, 
nitrogen Bushed syringes fitted with s&i&as steel nrzdlcs. Larger volumes of bquids wcrc transfctrcd using doublc- 
endcd needles. Ail reactions wcrc rtm under a niaogcn atmosphere. CAUTION: Pure nitmgcn trichloridc is 
trcachcrousiy cxplasiv~ at its boiling point (-71°C) in the prescncc of light or in contact with certain organic 
matcriais. 29 

Ma&j& Alkcncr wcrc obtained Ram various commercial sources and ptuificd. ifncosssary, by distillatkm tinder 
nitrogen from lithium aluminum hydride. AB solvents (Mallinckrodt Spc~tranaiysed or Anaiyticai Rcagcrtt) used itt 
the chlorination stud& wcrc deoxygcnatcd by bubbl~g nitrogen through a gas-dispersing tube, and stomd tmdcr a 
nitrogen atmospftwc over moltcutar sieves. A~xirna~~y 1 =M solutions of nitrogen trichloride in me~ylcne 
chloride or carbon tctrachloridc wcrc prepared and standardixcd according to a fitcraturc pro~cdum.~~ The bright 
yellow solutions of NC13 showed negligible decomposition (1.5% in ‘2 months) what stored in complctc darkness 

at -5oC. Tri-&xnyl- and tri-i-bntyRxmtnc fCalhx$ wcm distilled tmdcr nitrogen bcforc use. Tri-s-buty&oranc, di-n- 
bu~lch~~~r~c, ~-~-~ty~c~xy~~c and n-but ldjc~om~r~c wcrc prcpamd and puriticd exactly, or in 
direct analogy, as the previously dcscribcd methods. d Bomnc-mcthyt sulf?de fATdrichf was used as rcccivcd, 

Boranc-tctrahydtoBmm md 9-BBN wcrc pqnued and &&an&cd as previously ~~uRKxL~ 
m GC ana@scs wcrc carried out using the ncccssary packcd coiumn to cffcct separation of the components. 

1H NMR spectra wcrc tccordcd in CDCl3 on a Varian T-60 (6OMHz) spcctromctcr using tctramcthylsilanc IU an 

internal standard (S 0 ppm). Tht dkyl chlorides formed in this study WC~ idcntificd by (UC and/or *H NMR> 
comparison with awthcmic samples which were cithcr commcrciaby available or synthcsizcd by 1Rcrature proadurts, 
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. . . . . 
Q Inthefht _ _ . - . ‘* 

experiment utilizing NCl3. a SO-mL flask equipped with magnetic stirrer, septum inlet, and pessure-equalixing 
addition ftmnel was flushed with nitrogen The flask was charged with 10 mm01 (2.42 mL) of tri-n-butylborane and 

10 mL of methyfene chloride and cooled to CPC. IO mm01 (7.8 1 mL of 1.28 M solution) of NC13 in methylene 
chloride was placed in the addition funnel and added chopwise to the reaction mixture over IO min. The bright 
yellow color of NC13 diiappemed instmtaneoudy UI it was added leaving a c&r&s solution Then n-heptane was 
added as internal standard GC analysis indicated the clean formation of 10.5 mm01 of n-butyl chloride and 0.7 mol 
of s-butyl chloride. The yields did not change in 1 h. The by-product was expected to be fn-C4H9)2BNC12. a 
species which c&d untkrgo rutrrangernent to Cl2BN(nC4H9)2. Treatment of 2-n& aliquot of the reaction mixture 
with 1 mL of 6 N aqueous NaDH under nitrogen resulted in an exothermic reaction, but no di-n-butylamirte or any 
other products higher boitmg than n-heptane were detected by GC analysis. Similar treatment of an aliquot with 6 N 
HCl resulted in an exothennic reaction. The organic layer contained only butyl chfurides and n-heptane. Tha 
aqueous layer was neutralii with 6 N NaGH and extracted with methylate chloride. Again, rm additional products 
were observed by GC analysis. In another experiment, 2 mm01 of tri-n-butylborane was treated with 6 mm01 of 
NC13 using the vocedure described above. After 1 h. internal standard was added to the yellow solution. Analysis 
by CC indicated the formation of 3.91 mm01 (65%) of n-butyl chloride. The yield increased to 4.38 mm01 in 2.5 h 
and 4.45 mmol(74%) in 3.5 h. but showed no further increase after 24 or 53 h and the yellow color of NC13 
persisted along with small amounts of precipitate. Nearly identical results were obtained in carbon te~achIoride 
solvent. The reaction required 1 equiv of NC13 per butyl group of the tri-n-butyiborane. When 2 mmol of tri-n- 
butylborane was treated with 1 mmol of NC13 in methylene chloride, immediate CC analysis indicated the 
formation of 0.96 mol of n-butyl chloride and 0.05 mol of s-butyl chloride. AR of the volatile components were 
removed via aspirator and the residual material oxidized with alkaline hydrogeu peroxide. GC analysis indicated the 
presence of 3.80 nun01 n-butyl alcohol and 0.17 mol s-butyl alcohol. Thus, the total yield of s-butyl groups as 
alcohol and chloride was 0.22 mol. The total yield of n-butyf groups found as alcohol and chloride was 4.76 mmol. 
The results indicated that 1 mm01 of n-butyl group was unaccounted for since independent aIkdine hydrogen peroxide 
oxidation of 2 mm01 of the starting organoborane produced 5.75 mm01 of n-butyl alcohol and 0.22 mot of r-butyf. 
alcohol. The reaction of tri-s-butylborane with 3 equiv of NC13 was examined in the same way as the reaction with 
tri-n-butylborane. The yield of s-butyl chloride was 63% iu 1 h. 67% in 3 h, and 84% in 28 h. After 72 h, the 
reaction mixture was colorless. but contained a white precipitate. A quantitative yield of s-butyl chloride was 
observed. In carbon tetrachloride solvent, the yield was 94% in 48 h and some yellow color persisted. 

* . . 
~ In the reaction apparatus described above was _ _ 

placed 0.16 mm01 (8 mol 96) of iodine, 2 mm01 of tri-n-butylborane and 2 mL of mcthylene chloride. Addition of 2 
mm01 of NC13 in methylene chloride resulted in immediate decolorization of the purple solution. Addition of n- 
heptane as internal standard and GC analysis indicated the formation of 1.66 mol of n-butyl chloride, 0.07 mol s- 
butyl chloride, 0.3 1 mol n-butyl iodide and a trace of r-butyl iodide. 

. , 
Reaction of NCIx with Trr n bu VI -- (. . 

and Trt -cc of a Sunlamp. --u The usual reaction 

apparahrs wes charged with 2 mmol of tri-tr-butylborane and 2 mL of methylene chloride and cooled to CPC. Then 
6 mmol of NC13 in methylare chloride was added and the reaction mixture irradiated with a Sears 275 W sunhunp. 
After 1 h, the reaction mixture was completely decolorized and contained a white precipitate. After addition of n- 
heptane as an internal standard, GC analysis indicated the formation of 2.90 mm01 of n-butyl chloride. 1.43 mol 
chloroform and a mixtum of dichlombutanes. When the reaction was repeated in carbon tetrachloride (using NC13 in 
carbon tetrachloride), the formation of chloroform from chiorination of mcthylene chloride was avoided. However, 
the yield of n-butyl chloride decreased to 2.33 nun01 and the amount of dichlo~butMes increased. The 
photochemical reaction of 2 mm01 of tri-t-butylborane and 6 mmof NC13 in methylene chloride pruduced 3.00 
mm01 s-butyl chloride, 1.02 mmol chloroform, and 0.71 mm01 of dichlorobutanes. The distribution of the 3 to 4 
dichlorobutane isomers observed in these experiments was not determined. They were identified as dichlorobutanu 
by co-injection of an authentic mixture. 

a oenenl Approximately 1 M of nitrogen trichloride v * 

solution in carbon tetrachloride was pmpared according to a published procedr~e.~~ A dry, 500.mt flask equipped 
with septum in& magnetic stirrer, and pressureequalized addition funnel was charged with norbomene (14.3 g. 150 
mmol), flushed with nitrogen and maintained under a static pressure of the gas until workup. Te~~yd~f~~ (80 

mL) was added and the reaction mixture cooled to OOC in an ice bath. Conversion to the trialkylborane was 
achieved by the dropwise addition of borane-tetrahydrofuran (20.8 mL of a 2.44 M solution, 50 mmol) through the 
septum inlet. After stirring 1 h at room temperature, the tetrahydrofuran was completely removed by aspirator 

vacuum and replaced by carbon tetrachloride (50 mL). The reaction mixture was cooled to G°C and nitrogen 
trichloride (169 mL of a 0.89 M solution in carbun tetrachluride) was piaced in the addition funnel and added 
dropwise to the reaction mixture over 15 min. The ice bath was removed and the reaction allowed to stir in normal 
laboratory light until the reaction mixture became colorless and a white precipitate formed (48-72 h). The reaction 
mixture was treatted with saturated aqueous sodium thiosulfate (100 mL) and the mgmxic layer was removed, filtered, 
and dried over anhydrous tassium carbonate. Distillation under vacuum gave 2-chloronorbomane. Yield: 11.0 g 

(56%); bp 73O/3S mm; n 2K 1.4853 (ht.3o for uo-2-chknonurbomane: bp 7!i”/41 mm; nZoD 1.48491. LH NMR 
(CDC13): 8 0.8-2.4 (m,lOH), 3.85 (m&I!-2 exo-m&tine), 4.0-4.4 (m. C-2 err&-mcthine). Integration of the 
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resonances of 8 3.85 and 404.4 indicated the isomer mixture consisted of 77% exe- and 23% cndo-2- 

chloronorbamane3’ 

with h&&&.gnc Derivatives, Thexyldi-n-butyiborane (4 mmol) in 4 mL of inethylene chloride 

at O°C was reacted with 4 mm01 of NC13 in methylene chloride using procedures described above. Decolorization 
of NC13 required 60 min. after which time, internal standard was added. CC analysis indicated the formation of 1.48 
mmol of n-butyl chloride. 0.03 mm01 s-butyl chloride, 1.75 mmol of thexyl chloride, and 0.03 mmol of 
dichlorobutanes. Reaction of 4 mm01 di-n-butylchloroborane under similar conditions resulted in immediate 
decolorization of the NCl3 (4 mmol). UC analysis of the reaction mixture indicated a complicated reaction mixture 
cont~g 0.68 mm01 of n-butyl chloride. Treatment of 2 mm01 of di-~-butylme~oxy~r~e with 2 mm01 of 
NC13 resulted in a very slow reaction. After 18 h, a pccipitate formed and the reaction mixture was orange colored. 
GC analysis of the complex reaction mixture indicated that 0.07 mm01 of n-butyl chloride was present. Reaction of 
~-butyldichiom~r~e with 1 quiv of NC13 required 2 h to decoiorize and left a white precipitate. The reation 
mixture was very complex and only contained small amounts of n-butyl chloride. Treatment of 4 mm01 B-n-butyl- 
Q-borabicyclo[3.3.1]nonane with 4 mm01 NC13 in methylene chloride resulted in instantaneous decolorization of the 
NCi3. GC analysis indicated the f~ati~ of 1.92 mm01 of n-butyl chloride. About 10% of the organoborane was 
unreacted. Four additional mm01 of NC13 was added when decolorixation required 60 min. GC analysis indicated the 
total yield of n-butyl chloride to be 3.23 mmol. Small amounts of dichlorobutanes and unidentified material were 
also observed. 

A&n lednement. Thii study was greatly facilitated by the fmancial support povided by the National Science 
Founizon (grants MPS 73-05136 A01 and CHE 7620846). 
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