
AN IMPROVED PREPARATION OF o-HYDROXY ALIPHATIC ACIDS 
AND THEIR ESTERS1 

ABSTRACT 
I ied~~ct i \ .e  cleavage of the ozonides of aliphatic acids and their esters by sodiuru boroh3-clridc 

or by hydrogenation produces w-hydroxy aliphatic acids and w-hydrosy aliphatic esters, 
respectively, in high yields. 

INTRODUCTIOS 

w-Difunctional aliphatic compounds have found 1nuc11 ernplo>-~nent in the synthesis 
of higher aliphatic compounds. Among these, substances having two different terminal 
functions are the most favored, and probably the most important reagents for chai~l  
extension are the esters of the w-halogeno acids. These compounds, in various chain- 
lengths, were required for condensation with ~nalonic ester derivatives in the preparation 
of branched alkanedioic acids (1, 2, 3,  4) in this laboratory. With the exception of those 
members of the series of very short chain-length, only one w-bromo acid, l l-bromo- 
undecanoic, is easil), available and this substance is best prepared by the peroxicle- 
catal>,zed addition of hydrogen bromide to 10-unclecenoic acid ( 5 ) .  The latter compound 
is unique among the terminal unsaturated acids in that i t  is available in quantity ancl 
this method of preparation cannot be regarded as a  neth hod of general applicability. Use 
of the more common unsaturated acids with non-terminal olefinic linkages as starting 
materials for the preparation of w-hydroxy acids and w-bromo acids was first explored b>- 
Adams ( G ,  7),  who ozonized the esters and isolated w-aldehydo esters. These compounds 
were then reduced to give the esters of the w-hydroxy acids. A practical difficulty in 
preparations of this type is the inevitable oxidation of a portion of the aldehydo ester 
to the half ester of the corresponding dicarboxylic acid. contamination of intermediates 
with substances in the dicarboxylic acid series is undesirable as such compounds are usually 
high nlelting and insoluble and therefore difficult to remove. I t  is desirable, therefore, to 
obviate the sensitive aldehyde intermediate by exploitation of the new metal hydride 
reagents (8) and by selective reductive cleavage of the ozonide-ester prepare the hydrosy 
ester without isolatioil of the aldehyde. A similar observation on the preparation of 
primary alcohols by the borohydride cleavage of ozonides appeared while this work mas 
in progress (9). 

We have compared the high-pressure 11)-drogenolysis of certain ozonides with their 
reductive cleavage by sodium borohydricle and the results are su~n~narized in Table I. 
Yields of hydroxy ester were found to be superior lvllen the borohydride was usecl and 
the products were also of higher purity as indicated by a narrow boiling range and ease 
of crystallizatioil of the phenylurethane. When the scale of the preparation was increased, 
the yield by borohydride cleavage remained the same but  the yield by  high-pressure 
hydrogenation diminished. Sodium borohydride is still an expensive reagent and it  may 
therefore be more ecoilomical to use the hydrogenation method on a large scale. 

111lanz~script received June 20, 1960. 
Contrlbulion fronz the Departnzent of C/ze?izistry, Royal lllilitary College of Canada, Kingston, Ontario. T h e  

jinancial support for this zuork zuas supplied by tlte Defence Resealoh Board z~nder D.R.B. Grant No. 9530-17. 
?Defence Research Board of Canada Postdoctorate Fellow, 1959-6'0. 
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DIAPER A N D  MITCHELL: U-HYDROXY ALIPHATIC ACIDS 1977 

TABLE I 

Yield 

Olefinic substrate Product isolated ivIethod (a)" Method ( 6 )  

10-Lndecenoic acid (undecylenic acicl) 
Ethyl 10-unclecenoate 
9,12-Octadecadienoic acid (linoleic acid) 
cis-9-Octadecenoic acid (oleic acid) 
lra?zs-9-Octadecenoic acid (elaidic acid) 
Methyl 9,12-octadecadienoate 
Ethyl 9,12-octadecadienoate 
Methyl 9-octadecenoate (methyl oleate) 
Isopropyl 9-octadecenoate 
(+)-12-I-Iydroxy-9-octadecenoic acid 

(ricinoleic acid) 

10-Hydrosydecanoic acid 91 
Ethyl 10-hydrosydecanoate 94 
9-Hydrosynonanoic acid 42 
9-1-1 ydroxy nonanojc acid 50 
9-Hydroxyr~onanolc acid 74 
Methyl 9-hydroxynonanoate 78 
Ethyl 9-hydrosynonanoate 74 
Methyl 9-hydroxynonanoate 88 
Isopropyl 9-hydroxynonanoate 70.5 

*&lethod (a)  by sodium borohydride reduction, method (b) by Raney nickel catalyzed hydrogenation. 

The working solvent e~iiplo).ed for ozonizations has custo~narilj- been chloroforn~, 
carbon tetrachloride, acetic acid, ethyl acetate, or light petroleum. Lire have found absolute 
~nethanol, ethanol, and isopropanol to be convenient solvents and have used sodium 
borohydride in the salne solvent, thus performi~ig the ozonization and reductive cleavage 
in one sequence. The alcohol chosen as a solvent for the ozonolysis of an ester was that 
corresponding to its alltyl radical for it  was found that transesterification took place if a 
different alcohol was employed. Presumably the basic environment of the borohydride 
reduction step nlade this transesterification possible. 

-4 limitation on the use of methanol as a solvent is the rapid decomposition of sodiunl 
borohydride in this solvent. This can be obviated by reversing the usual order of addition 
and enlploying solid borohydride in place of an alcoholic solution. 

I t  may be seen that 9-hydroxynonanoic acid may be obtained either fro111 oleic acid 
or from linoleic acid. Using the former starting material, difficulties were encountered in 
freeing the hydroxy acid fro~n the collcomitant nonan-1-01 either by the method of Sousa 
and Bluhm (8) or by the steam-distillation method here described. \Vl~en linoleic acid is 
the starting material, the other cleavage products are of lower molecular iveight and 
therefore more easily removed. 

10-Hydroxydecanoic acid was obtained in two ways from 10-undecenoic acid. The 
direct ozonization-borohydride method gives good yields and a high degree of purity. 
In the second method, undecenoic acid was esterified and reduced by the Bouveault- 
Blanc process, giving 10-undecen-1-01 without saturation or migration of the olefinic 
linkage. The acetate of the latter ivas then ozonized and the aldehyde thus obtained was 
oxidized to the correspondi~lg acid, 10-acetoxydecanoic acid. This was then saponified. 
I11 the first method the carboxylic acid function of the starting material is retained and 
in the second it  becomes the primary alcohol function of the end product. 

The structure of (+)-rici~~oleic acid as 12-hydroxy-9-octadecenoic acid (10) and most 
liltely possessing the D-configuration (11) has been established by degradation studies 
(12, 13) and by synthesis (14, 15, IG). Early ozonolysis experiments performed on ricino- 
leic acicl produced 3-hydroxy-nonanoic and nonanedioic acids and the corresponding 
aldehydes, which mere characterized by the formation of crystalline derivatives (17, 18). 
These experilnents supported the Goldsobel formula. We have found that  sodium boro- 
hydride reduction of the ozonide of (+)-ricinoleic acid formed a hitherto unknown 
laevorotatory diol with boiling point, refractive index, and infrared spectrum very similar 
to those of racemic (A)-nonane-1,3-diol. The latter compound was synthesized by a 
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Refonllatsk~. c o n d e ~ ~ s a t i o i ~  of 12-Ileptanal and ethyl broilloacetate follo~vecl b ~ -  litlii~im 
a lumin~i i l~  hyclricle reduction of the  intermediate et11)-l 3-h~.drox~.iio1~ai7onte w l ~ i c l ~  was not 
isolatecl. r\lthougli rncemic (f)-i~oi~ane-1,3-diol formed a crystalline illono-iV-plienyl- 
carbarnate and bis-N-pl~e~~ylcarbamate, atteilipts to form these cr~-stall ine derivatives 
fro111 the opticall). active isoiner were ~~ilsuccessful. 

IIeltiilg poi~i ts  \\.el-e ~incorrectecl. Infi-ared spectra \\.el-e determinetl on 59; solutions 
ill chloroform. M),clrogenatio~~s were carried out  i l l  a high-pressure autoclave eqliipped 
\\.it11 a stirrer." 

10- I Iydrosydecn~zo~c  . l c ~ d  b y  the Sor l~xnz  Borohydr~de  Iiedz~ctio?z JJetl7orl 
A streal11 of ozonizecl ox?-gen \ \ a s  bubbled through a sol~ition of 10-~inclecenoic acid 

(untlcc~~lenic acid, b.p. 176-1'75" C/23 111111, :39.7 g)  i l l  absolute metllanol (40 1111) a t  0" C 
~ln t i l  an a l ic~~iot  test portioil 110 longer decolorized a dilute solution of bromine in a glacial 
acetic acicl. 'I'he ozonicle solutioil n7as then acltletl ell-ol~\vise to  an ice-colt1 solution of sodium 
I~~clroxitle (12.3 g) and socli~im boroh~clricle (1'7g) in 507; aqueous ethanol (300 1111). X 
gentle evolution of h~.clrogen resultecl Llintl stirring was contin~~ecl a t  rooill temperature 
for a t  least 10 IIOLI~S. 'The methanol and ethanol were removecl b ~ .  clistillation ~incler reduced 
pressure runt1 a t  a bath tenlperat~ire of 40" C or less, and the  allialine aclueous solutioil 
was then added dro1111-ise 11 it11 stirring to  an  excess of ice-cold dilute h~~clrocl~loric acicl 
(1.3 liters). The  precipitated 10-11ytlros)-decanoic dcicl was collectetl I]!. suctioil liltration, 
11 .~sliecl thoro~ighl! wit11 portions of ice-colcl Ivater, ancl clrietl ~incler reducecl pressure to 
constant weight (37.0 g ,  91%). T h e  yielcl 11 as  not reduced when the scale of the  experimcnt 
w,ls doublccl. Reci-\-stallizntio~l twice from beilzeile gave product of constant melting 
point, 77" C ,  and mixed nleltiilg point 75.5-7'7" C (lit. 73.5-76.3" C (19)) .  

10-II)rrLro.~-yciecnno~c -1cid by tlze IJressz~re IIydrogenolysis Jlethod 
:I solution of the ozollide from 10-undecenoic acid (37.4 g )  in ethanol 11 as 11)-drogenated 

a t  room temperature ancl 2000 p.s.i. for 3 llours using Rane! nicltcl W-2 catalyst (20). 
The  teillperature was increasecl to  1:30-150" C ailel the l~yclrogenatioi~ was c o ~ ~ t i n u e d  a 
further 3 110~1rs. The  product was isolated b~ solve~l t  remov,ll, conversioil to  the sodi~im 
salt, and precipitatio~l b). pouring the alltaline solutio~l into ice-colcl dilute li)~drocl~loric 
acid. The  s l ig l i t l~~  s! r~111y crude product (33.6 g) was recr? stallized froill benzene - light 
petrole~~ili  to  give a procluct (21.4 g ,  5Ciyo) with a nlelting poiilt of 73" C .  

Ethyl  10-IIyrirosydecu~zonte 
The  ozonicle from etll).l 10-ui~decenoate (etll!~l uildec),lenate) (20-1 g) i l l  absolute ethanoI 

(200 1111) \\.as prepared accordiilg to the above inethocl. The  solution was added to socliunl 
boroh>.dride (60 g) in absolute ethanol (300 1111) ;LS before a~lcl allo~ved to stancl for 24 hours 
in a looscly stopperetl flask a t  5" C. After reinoval of illost of the ethanol uilder recluced 
pressure, the product was taken up in ether (1500 1111), washed ~ v i t h  acid and alkali in 
the  usual nlanner, and clriecl. T h e  product (197 g,  94y0) clistilledt a t  114-115" C, 0.0'7 111111 

ancl cr).stallized in the  refrigerator (n1.p. 15" C ,  thermoil~eter i i l~it~ersed),  ng 1.4460. 
Reduction of the  ozonide froit1 m e t h ~ l  10-unclecenoate (24.9 g) with a cold (3y0) 
" S ~ r p u p i . e s s ~ i r e  Dje'isio?~ of An~c I . I can  It7strzt?ncnt C01i7pany, Inc . ,  Silver Spr ings ,  ilIai.?dand, U . S . A .  
t A  test for ozonidc (i.e. starch iodide  paper)  and  n safety shield are recoa7n7cnded for 1l1.i~ disti l lation. 171 a 

prelitiz,~.?znry e.vpcri?t~e?zl, whcn /he borolzyd~ide  redzrclion step was acidified a f k r  5 nzinz~tes of red~ic l ion,  llre 
isolated crzide prodztct deconzposed csplosively dziri?~g disti l lation presunzcrbly due  f o  zi?trcdiiced ozonide pt~escnt. 
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ethanolic solution of soclium boroh>ydride (9 g) for 30 hours produced ethyl 10-hydroxy- 
clecanoate (22.2 g,  82%). The derived N-phenylcarbamate had a melting point and a 
mixed melting point of 52-54" C. 

The clerivecl N-phenylcarbamate ol eth?.l 10-h\.cli-oxydecanoate melted a t  52-54' C after 
two recrystallizations fi-om heptane. The ethyl ester of 10-hyclroxyclecanoic acid 117as 
prepared; it formecl a N-phenylcarbamate of melting point 52-54" C ant1 mixecl melting 
~ ~ o i n t  52-54" C. Both specimens gave an identical infrared absorption spectrum. Anal. 
Calc. for C19H290.,S: C ,  68.1; H,  8.7; N, 4.2. Fo~iild: C ,  67.4; H ,  8.8; N, 4.3. 

Eth)-l 10-l~yclrox~~tlecai~oate \vas also preparecl from eth>-l 10-unclecenoate (23.2 g) by 
the ozonolysis---llydi-ogenation methocl tlescribecl above. 'The product (18.4 g ,  717;) was 
purified b!; two tlistillations ancl hacl a boiling point of 106-108" C,/O.O4 mm anel n g  1.4410. 

Large-scale experiments (ca. 100 g of ozonide) prociucecl a less pure PI-otluct boiling over 
a 10' C range in !.ielcls of 40 to 66%. 

The clerivecl 21'-phen!.lcarbamate (111.11. 52-~5A0 C) \\:as prepared but clid not cr!.stallize 
rei~tlil).. 

9-EIydrozy~izo?zan.oic . I  cid 
The ozonicle fro111 linoleic acitl" (30 g) in absolute ethanol (100 1111) was atlciecl clropwise 

to an aqueous alcoholic solution (1 :1, 100 1111) of sodium hg~clroxicle (20 g) and sodium 
borohyclritle (15 g). The solution was stii-reel for 4S hours, ancl it was acidified and 
extracted \\-it11 ether (3 X2OO n ~ l ) .  'I'he ethereal extracts were steam clistilled until most 
of the alcohols had been removed. 'The pi-ocluct was recovered bgr ether extraction, \\-as 
crg~stallized from benzene -light petroleum (13 g,  4',>y0) ancl had a melting point of 
43-45" C. Recr!~stallization from eth!-l acetate raised the melting point to 50-51' C 
[lit. m.p. 5:3-54' C (corr.) ( G ) ,  and m.p. 51-51.5' C (21)]. 

\\'hen the above pi-oceclul-e was carried out  \\:it11 oleic ancl elaidic acicls, crude 9-h!.cIrosy- 
nonanoic acid was obtaineel in ;JOYo and 74yo j);ielcls, respectively. The procluct obtained 
from oleic acicl \vas clifficult to purif). by cr!-st:~llization. Poor ~.ielcls ancl resinous psocl~~cts 
in the ozonization of oleic acicl ant1 its esters have been attributed to excessive tempera- 
t ~ ~ r e s  of ozonization (22). 

-1Jethyl 9-EIydroxy~zo?zanoate 
Methyl oleate (20.6 g) i n  methanol (200 1111) \\-as ozonizecl as clescribed above. T o  

minimize the boro11)~di-ide-methanol reaction, ho\vever, the order of addition was reversed, 
the borohg-dride ('3 g) being addecl in 0.5-g portions during 3 hours. Distillation a t  0.1 mill 
produced two fractions: (a) b.p. 80-100' C (7.2 g) ('727;), ng 1.4340 (lit. for nonan-1-01, 
n: 1.4338 (2:3)); (b)  b.p. 103-109' C/0.1 mm, 11.75 g (88y0), ~zg 1.4138. The clerived 
N-phen\~lcarb:umate mclted a t  33-54' C ancl hacl n mixecl melting point of S3.5-55.5' C 
[lit. methyl '1-llyclrox?-nonanoate N-pheng~lcarbamate 53-54' C (C)]. 

hIeth)~l 9-hyclrox)~11onni~o;1te was also preparecl from meth!-l oleate by the ozonization- 
hydi-ogenation techniclue and from illethyl linoleate b!. the borohgrclride ancl catalytic 
hydrogenation methods. The yielcls are listecl in Table I .  Examinatioi~ of the forerun 
(b.p. 80-105' C/O2 111111) from the latter preparation by gas-liquicl chronlatograpI~>- 
indicated the presence of a t  least two components. 

Ethyl 9-IIydro.wy?zo?za~zoate 
The ozonicle fro111 eth).l linoleate (b.p. 148-153' C,/O.4 m m ,  n: 1.45'73) (30.15 g) in 

absolute etllanol was diviclecl eq~iall!. into tu.0 parts. One part  \vas reduced by the clrop\vise 

"h7utritiolial Biocl~cn1ical.s Corpora/io?z, Cleaeland 28, Ohio (linoleic acid ,  7'5%). 
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addition to sodiu~ll borohydride in absolute ethanol and gave a product (12.1 g, 73%) 
with a boiling point of 110-118" C/0.2 mrn and n: 1.4441. Anal. Calc. for CllH3203: 
C, 63.3; H ,  11.0. Found: C, 65.6; H ,  11.0. The second portion \\-as reduced by the two- 
stage h>-clrogenation described above and gave a product (10.8 g, 65yo) with a boiling 
point of 110-120" C/0.1 mm and 1.4415. 

\Vhen both specimens were warnled with one-half by weight of phenyl isocyanate, the 
derived N-phenylcarbarnate nTas obtained (m.p. 39-60" C). Recrl-stallization from 2,2,4- 
trimethylpentane - benzene raised the melting point to 60-61.3° C. Anal. Calc. for 
C18H2701N: c, 67.3; H,  8.5; K ,  4.5. Foulld: C,  67.5; H,  8.6; S, 4.7. 

Isopropyl 9-IIyrlro:cynonanoate 
The ozonide from isopropyl oleate (b.p. 225-227" C/22 mm, 7~;~ 1.4491) (32 g) was 

reduced with sodium borohj-clride in isopropa1101 according to the above  neth hod. The 
product (15 g, 70.5%) had a boiling point of 116-120' C/O.4 mm and n: 1.4399. Anal. 
Calc. for C12H?403: C,  66.6; H ,  11.2. Found: C,  66.8; H ,  11.3. 

The derived N-phenylcarbanlate mas recrystallized fro111 2,2,4-trimethylpentane and 
had a nlelti~lg point of 66.5-68" C. Anal. Calc. for C191-12901X: C,  68.1; H ,  8.7; N,  4.2. 
Found: C,  68.3; H,  8.8; N ,  4.1. 

10-IIydroxydecanoic --Icid by the Ozonization of the -1cetate of IO-Undecen-1-01 
10-Undecen-1-01 (from ethyl ~indecylenate by Bouveault-Blanc reduction (24)) was 

acetylated by the acetic anhydride method of Chuit (25) in 83436% yield. The acetate 
was ozonized i l l  20-g portions in acetic acid (40 cc) and the ozonide was reduced by the 
zinc dust - ether - water method of Adams (7). 10-Acetoxydecanal was obtained as a 
pullgent oil, b.p. 113-118" C/0.3 mm, and was not p~irified before oxidation. I ts  oxime 
was obtained from ethanol as colorless prisms, m.p. 67.5-68" C. Anal. Calc. for 
C121-123OjN: C, 63.0; H ,  10.0; N, 6.1. Found: C, 63.0; H,  9.85; N, 5.7. Its p-nitrophenyl- 
hydrazone was obtained as yellow needles from aqueous acetic acid, m.p. 118" C. Anal. 
Calc. for C181<2i04N3: C,  61.9; 1-1, 7.75; N, 12.0. Found: C, 61.8; H ,  7.63; N, 11.5. 

Oxidation of 10-acetoxydecanal (15 g) to the correspollding acid was performed in 
65-68y0 yield by passing air through a rapidly stirred mixture of the aldehyde with 
200 cc of 20y0 aqueous manganous chloride solution. The product, 10-acetoxydecanoic 
acid, isolated with the aid of ether and potassiuin carbonate, melted a t  34.5-36" C and 
a 15-30y0 recovery of unchanged aldehyde was effected. By sapo~lificatioll of 10-acetoxy- 
decanoic acid in aqueous-ethanolic potassium hydroxide, 10-hydroxydecanoic acid, 
111.p. 74-74.5", was obtained and found to be identical with the product described above. 

( - )-lVo7zane-l,3-dio~ 
After ozonolysis of ricinoleic acid (26 g, [a]: 16.3", c,  14.1, ethanol) and sodium boro- 

hydride reduction in aqueous alkaline methanol as described above, there was obtained 
an aqueous solution which was extracted with ether. From the extract of non-acidic 
products was obtained (-)-nonane-1,3-diol (10.0 g, 72y0, b.p. 98-105"/0.1 nun). Two 
further distillations produced a colorless liquid with a boiling point of 97-99" C/0.1 mm, 
n z 6  1.4506, [a]: -6.0" (neat liq~iid), and [a]: -6.3' ( c ,  10, ethanol). 

The product had an infrared absorption spectrum identical with that of (*)-nonane- 
1,3-diol prepared by the method described below. The infrared spectrum was also very 
similar to those of octan-1-01 and octan-2-01 with the ~najor  difference being a stronger 
absorption a t  the stretching frequency due to hydroxyl (3420 cm-I). 
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Examination of the product bj. gas-liquid chromatography indicated the presence of 
a t  least three impurities which constituted approxiinately 6y0 of the product. This 
material was fractionally distilled in a Piros-Glover microdistillation still" with seven 
fractions being collected with tz: 1.4483, 1.4400, 1.4495, 1.4500, 1.4300, 1.4500, 1.4500, 
respectively. A11al. Calc. for C91-12002: C,  67.45; I-I, 12.6. Found: C,  67.3; I-I, 12.6. 

AAtte~npts to prepare the N-phenjlcarbarnate from fractions 4, 5, 6, or 7 resulted in 
the formation of a gel. This phenomenon of gel formation was also observed on the 
slightly iinpure product. 

( f )-Nonane-l,3-diol 
n-Heptanal (57 g) and ethyl 1-bromoacetate (83.5 g) were colldensed by a standard 

Reformatsl;~. procedure. After the reaction \vas complete, the solution was filtered from 
the uilreacted zinc granules and the voluine of the filtrate was adjusted to 300 ml with 
dry ether. The ethereal solution \\-as added drop\vise to an ethereal suspension of excess 
lithium alulllillurn hydride a t  such a rate that a gentle reflus was maiiltained. After 
the solution had been heated under reflux for an additional 2 hours, the residual lithiunl 
aluminum hydride nTas decoinposed bj- the addition of excess e th j~ l  acetate (100 inl). 
After 0.5 hour, water was added and a voluiniilous froth developecl. The froth was 
suspended in ether and cold dilute 11)-drochloric acid was added until the solutioil was 
strongly acidic. The ethereal layer was separated and washed successively with water, 
sodiuim hydrogeil carbonate solution, and lvater. Evaporation of the ether left an oil 
which distilled a t  97-99' C/0.04 mm (42 g, 52.5y0). H second distillation gave a lnain 
fraction with a boiling point of 07-99" C/O.l 111111 and n g  1.4512. Anal. Calc. for 
C ' J I ' I ~ ~ O ~ :  C, 67.45; H ,  12.6. Found: C,  67.4; I-I, 12.6. 

Bis-N-plzenylcarbamafe of ( f)-Nonane-1,s-diol 
Equal weights of phenyl isocyailate and (&)-nonane-1,3-diol were \\.armed to 60' C 

for 8 hours. Upon cooling, the product crystallized and was recrystallized froin 2,2,4-tri- 
methylpentane, m.p. 85-85.5' C. Exainination of the infrared spectrum indicated the 
absence of the hydrosyl bancl. Anal. Calc. for C231-13001N2: C, 69.3; I-I, 7.6; N, 7.0. 
Found: C, 60.3; I-I, 7.7; K ,  7.2. 

N-Phenylcarbamate of (&)-Nonanc-1,s-diol 
(&)-Nonane-1,3-cliol was mixed with one-half by weight of phenyl isocyanate and the 

solution was stored a t  rooill teinperature for 6 hours, then gently warmed to 60' C for 
0.5 hour. The crystalline product was recrystallized from 2,2,4-trimethylpenta11e and 
inelted a t  83-84.5' C. The melting point was depressed upon admixture with the above 
bis-A'-phenylcarbai~~ate. Examination of the infrared spectrum indicated the presence 
of bands due to 01-1 and NH stretching frequencies in approximately equal intensity. 
.4nal. Calc. for C16I-I2503X: C ,  68.8; 1-1, 9.0; N, 5.0. Found: C,  69.0; 13, 9.1; N, 5.0. 
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